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PREFACE  TO  PART  1. 


Ls  the  present  edition  I  have  made coueiderable chaugce  and  additions; 
bat  in  the  changes  I  have  tried  to  mtiiiiLaiu  tbe  character  of  the  b<^ok  as 
prei«tiut«d  in  prevmua  editionjs;  and  tbe  ndditions,  with  the  e^u^ptiun  of 
Xhm  liiiflologicat  para^'raphs,  are  caused  not  by  Hny  attempt  to  iidd  n&w 
iDAUer  ur  to  enlarge  the  general  sc^o[)e  of  the  work^  but  by  an  cfibrt  to 
explain  iiMin«  fully  and  at  {greater  length  what  nocm  Uj  me  to  lie  the  nioit 
fuodfljuental  tnui  must  Iwpnrtant  tupicd.  [  htiVQ  been  led  to  introduce 
•ntoc^  hitftohjgictd  MlaturrK^nM,  not  with  the  view  cif  in  any  way  relieving 
the  »tudctit  frtim  the  aece»iiity  of  sttidying  distinct  histological  treatiitid, 
bot  ia  order  to  bring  bifu  U>  the  phyt^ioJogiral  prohleot  with  the  histological 
dais  fresh  in  bi»  mind.  I  have  thEtrefbre  df^nh  vrry  Itrii^lly  with  tUd 
several  histological  points  and  confined  myself  to  matters  having  a  phy^o- 
logical  bearing.  My  friends,  Dr.  Gaskell,  Mr.  Lingley,  and  Dr.  Lea,  have 
given  me  great  assistance  throughout,  and  their  namee  might  fitly  appear 
oD  the  title-page,  were  it  not  that  the  present  arrangement  makes  me  alone 
responsible  for  all  shortcomings.  I  have  also  to  thank  my  senior  demon- 
strator, Mr.  L.  £.  Shore,  M.B.,  and  my  junior  demonstrator,  Mr.  Wing- 
field,  M.A.,  for  much  valuable  aid.  The  second  and  third  parts  will  follow 
this  first  part  as  soon  as  possible. 


8^sr^f> 


PREFACE  TO  PART  III. 


I  AM  of  course  aware  of  the  disadvaDtages  of  issuing  this  edition  of  my 
Text-book  in  instalments,  and  very  much  regret  that  this  part  does  not 
complete  the  work.  The  failure  to  get  the  whole  of  the  remainder  ready 
has  been  due  to  lack,  not  of  will,  but  of  ability  and  opportunity. 

I  take  this  opportunity  of  thanking  my  friend.  Dr.  Gowers^for  the  loan 
of  two  woodcuts,  as  well  as  for  much  valuable  advice.  Throughout  the 
whole  of  this  part  I  have  been  largely  assisted  by  my  colleague,  Mr. 
Langley,  and  by  my  friend  and  former  pupil,  Dr.  Sherrington.  The 
latter,  besides  helping  me  with  criticisms,  has  prepared  for  me  most  of  the 
figures  after  original  drawings  by  himself.  What  little  merit  there  may 
be  in  this  part  is  largely  due  to  these  two  gentlemen. 

M.  FOSTER. 

Cambridge,  September,  1890. 


Tjik  author's  prefacn^  to  the  aereral  parts,  in  which  this  edition  was 
MKied  ia  BngUDd^  will  show  how  thorough  hae  beeu  the  rerision  to 
which  ii  boa  heen  subjected.  The  task  of  the  American  editor  has, 
thcrrfore,  hcen  mostly  coDfiued  to  the  adaptation  of  the  wort  to  the 
want«  ihf  the  AinericaD  student.  A  eonaiderable  number  of  additioos  and 
engine  oorrectlutis  have  \*Qen  made,  and  the  teJit  has  been  elucidated  by 
*  largely  increased  outnber  of  illu^tratjuoa.  All  new  matter  intrcyJuced 
baa  been  distinguished  by  enclosure  in  brackets  [ — ]. 


Philadslphia,  November,  1893. 
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§1.  Dissection,  aided  by  microsropica!  examination,  teaches  ua  that 
ihf  ifody  of  luau  is  made  up  of  certain  kinds  of  material,  ao  ditlering  from 
cacb  other  iu  optical  and  other  phyi^ical  charactera  and  »o  built  up  together 
Ai  to  give  the  body  certain  structural  fealureti.  Chemical  examination 
further  teaches  ua  that  these  kiuds  of  material  are  compotied  of  various 
chemical  Bubfltances.  a  large  number  of  which  have  this  characteristic  that 
they  poaBoao  a  coneiderable  amount  of  potential  energy  capable  of  being  set 
free*  rendered  actual,  by  oxidation  or  some  other  chemical  change.  Thus 
the  body,  aa  a  whole,  may,  from  a  chemical  point  of  view,  be  considered  as 
ft  nuuB  of  various  chemical  aubstances,  representing  altogether  a  considera- 
ble capital  of  pott^utiai  energy. 

5  2.  Thie  body  may  exist  either  as  a  living  bc>dy  or  (for  a  certain  time 
at  least)  as  a  dead  body,  and  the  living  body  may  at  any  time  become  a 
dead  body.  At  what  is  generally  called  the  moment  of  death  (but  artifi- 
cially so,  for  as  we  shall  see  the  processes  of  death  are  numerous  and 
g:raiiual;  the  dead  body  so  far  tuf.  structure  and  chemical  composition  are 
conccmed  is  exceedingly  like  the  living  body  ;  indeed,  the  differences  be- 
tveeo  the  two  are  such  as  can  be  determinetl  only  by  very  careful  examina- 
tloD,  and  are  still  to  a  large  extent  estimated  bv  drawing  inferences  rather 
tlsao  actually  observed.  At  any  rate  the  dead  body  at  the  moment  of  death 
resembles  the  living  bfxly  in  so  far  as  it  represents  a  capital  of  potential 
energy.  From  that  moment  onward,  however,  the  capital  is  expended  ;  by 
prooeesee  which  are  largely  those  of  oxidation,  the  energy  is  gradually  dis- 
sipated, leaving  the  body  chiefly  in  the  form  of  heat,  while  titese  chemical 
pcooeasea  are  going  on  the  structural  features  disappear,  and  the  body,  with 
ibe  laaa  of  nearly  all  its  energy,  is  at  last  resolved  intu  "  dust  and  ashes." 

The  characteristic  of  the  dead  body  then  is  that,  being  a  mass  of  sub- 
■tanrw  of  oonsiderable  potential  energy,  it  is  always  more  or  less  slowly 
Umug  energy,  never  gaining  energy  ;  the  capital  of  energy  present  at  the 
OKNaeDt  of  death  is  more  or  less  slowly  diminished,  is  never  increased  or 
replaced. 

t^  3.  When  on  the  other  hand  we  study  a  living  body  we  are  struck  with 
the  following  salient  facts: 

.  The  living  bmiy  moves  of  itself,  either  moving  one  part  of  the  body 
another  or  moving  the  whole  body  from  place  to  place.  These  move- 
its  are  active ;  the   Inxly   is  not  simply  pulled   or  pushed  by  external 

roe«,  but  the  motive  power  is  in  the  body  itself,  the  energy  of  each  raove- 
it  is  supplied  by  the  body  itself. 

2.  These  movements  are  determined  and  influenced,  indeed  often  seem  to 

'ted.  by  changes  in  the  surrouudlugs  of  the  body.     Sudden  contact 

the  surface  of  the  body  and  some  foreign  object  will  oflen  call 
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forth  a  morenient.  The  body  is  sensitive  to  changes  in  its  surroundings, 
and  this  seDBitivenesa  is  manifested  not  only  by  movements  but  by  other 
changes  in  the  bo<iy. 

3.  It  is  continually  generating  heat  and  giving  out  heat  to  surrounding 
thingSf  the  production  and  lose  ot*  heat,  in  ihc  cose  of  man  and  certain 
other  animals,  being  so  adjusted  that  the  whole  body  is  warm,  that  is  of  a 
temperature  higher  than  that  of  surrounding  things. 

4.  From  time  to  time  it  eats,  that  is  to  say  takes  into  itself  supplies  of 
certain  substances  known  as  food,  these  substances  being  in  the  main  similar 
to  those  which  compose  the  body,  and  being  like  them  chemical  bodies  of 
considerable  potential  energy,  capable  through  oxidation  or  other  chemical 
changes  of  setting  Iree  a  cousitlenible  quantity  of  euergy. 

5.  It  is  continually  breathing,  that  is,  taking  in  from  the  surrounding  air 
supplies  of  oxygen. 

fi.  It  is  continually,  or  from  time  to  time,  discharging  from  itself  into  its 
surroundings  so-called  waste  matters,  which  waste  matters  may  be  broadly 
described  a:^  products  of  oxidation  of  the  substances  taken  in  as  food,  or  of 
the  substances  composing  the  body. 

Hence  the  living  body  may  be  said  to  be  distinguished  from  the  dead  body 
by  three  main  features. 

The  living  body  like  the  dead  is  continually  losing  energy  (and  losing  it 
more  rapidly  than  the  dead  body,  the  special  breathing  arrangements  per- 
mitting a  more  rapid  oxidation  of  its  substance),  but  unlike  the  dead  body 
is  by  means  of  food  continually  restoring  its  substance  and  replenishing  its 
store  of  energy. 

The  energy  set  free  in  the  dead  body  by  the  oxidation  and  other  chemical 
changes  of  its  f^ubstauce  leaves  the  body  almost  exclusively  iu  the  form  of 
heat,  whereas  a  great  deal  of  energy  leaves  the  living  body  as  mechanical 
work,  the  result  of  various  movements  of  the  body,  and  as  we  shall  see  a 
great  deal  of  the  energy  which  iiltinmtcly  leaves  the  body  as  heat,  exists  for 
a  while  within  the  living  body  in  other  forms  than  heat,  though  eventually 
transformed  intu  heat. 

The  changes  iu  the  surroundings  atfect  the  body  at  a  alow  rate  and  in  a 
general  way  only,  simply  lessening  or  iBcreasing  the  amount  or  rate  of 
chemical  change  and  the  (jwantity  of  heat  thereby  set  free,  but  never 
diverting  the  energy  into  some  other  form  such  as  that  of  movement ; 
whereas  changes  in  the  surrouudings  may  in  the  case  of  the  living  body 
rapidly,  profoundly,  and  iu  special  ways  affect  not  only  the  amount  but  also 
the  kind  of  energy  set  free.  The  dead  body  left  to  itself  slowly  falls  to 
pieces,  slowly  dissipates  its  store  of  energy,  and  slowly  gives  out  heat ;  a 
higher  or  lower  temperature,  more  or  less  moisture,  a  free  or  scanty  supply 
of  oxygen,  the  advent  of  many  or  few  putrofactive  organisms,  these  may 
quicken  or  slacken  the  rate  at  which  energy  is  being  dissipated  but  do  not 
divert  that  energy  from  heat  into  motion ;  whereas  in  the  living  body  so 
slight  a  change  of  surroundings  as  the  mere  touch  by  a  hair  of  some  par- 
ticular surface,  niay  so  aflect  the  setting  free  of  energy  as  to  lead  to  such  a 
discharge  of  energy  in  the  form  of  movement  that  the  previously  appar- 
ently quiescent  body  may  be  suddenly  thrown  into  the  most  violent  convul- 
sions. 

The  differences,  therefore,  between  living  substance  and  dead  substance 
though  recondite  are  very  great,  and  the  ultimate  object  of  physiology 
is  to  ascertain  how  it  is  that  living  substance  can  do  what  dead  sub- 
stance cannot,  can  renew  its  substance,  and  replenish  the  energy  which  it  is 
continually  losing,  and  can,  accordiug  to  the  nature  of  its  surroundings, 
vary  not  only  the  amount  hut  als<j  the  kind  of  energy  which  it  sets  free. 
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Thu*  there  lire  Iwo  great  divisions  of  physiology :  one  having  to  flo  with  the 
reoi^wnl  of  subttftDce  anil  the  repleuiahment  of  energy,  the  other  having  to 
do  with  the  setting  free  of  energy. 

$  4.  Now  the  body  of  man  (or  one  of  the  higher  animals)  is  a  very  com- 
plicated strQcturo«  consisting  of  ditlereut  kinds  of  material,  which  we  call 
itMMf^,  Buch  as  muhcular,  nervous,  connective,  and  the  like,  variously 
orrauged  in  organs  euch  a»  heart,  lungs,  muscle?,  skin,  etc..  all  huilt  up  to 
form  the  body  according  to  certain  morphological  laws.  But  all  this  com- 
pliealJoD,  though  advantageous  and  indeed  nece^isary  for  the  fuller  life  oi 
num,  ia  not  essential  to  the  existence  of  life.     The  amwha  [Fig.  1]  is  a 
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prtncttt*.  abonn  in  dlOibKtii  fomii  (a,  b.  i  i  assumiil  hjr  the  oaine  animal.] 

UvioE  being ;  it  renews  its  substance,  replenishes  its  store  of  energy,  and 
Mis  tree  energy*  now  in  one  form,  now  in  another  ;  and  yet  the  amoeba  may 
be  Mtid  to  have  no  tissues  and  no  organs  ;  at  all  events  this  is  true  of  closely 
allied  hut  not  so  well  knuwu  sintple  heings.  Using  the  more  familiar 
aRurUt  as  a  type,  and,  therefore,  leaving  on  one  si<le  the  nucleus,  and  any 
distinctiou  l>etween  endosarc  and  ectosarc,  we  may  say  that  its  body  is 
homogeneous  in  the  sense  that  if  we  divided  it  in^)  small  pieces,  each  piece 
wquIm  be  like  all  the  others.  In  another  sense  it  is  not  homogeneous.  For 
ir«  know  that  the  ama>ba  receive.^  into  its  substance  material  as  food,  and 
that  (his  fiM>^  or  pnrt  of  it  remains  lodged  in  the  body,  until  it  is  made  use 
of  ooii  huilt  up  into  the  living  substance  of  the  body,  and  each  piece  of  the 
tiriDg  mibstnnce  of  the  body  must  have  in  or  near  it  some  of  the  material 
which  it  is  ab«)ut  to  huild  up  into  it«elf.  Further,  we  know  that  the  amoeba 
givea  out  waste  matters  such  as  carbonic  acid  and  other  f>nbstances,  and  each 
ptec«  of  the  amo'ha  must  contain  S4ime  of  these  waste  matters  about  to  be, 
bat  uot  yet.  discharged  from  the  piece.  Kach  piece  of  the  amcL'ha  will, 
tiierefore,  contain  ihcHe  three  things,  the  actual  living  substance,  the  food 
abiiut  lo  become  living  substance,  and  the  waste  matters  which  have  ceaaed 
lo  (ke  living  ^ubstoooo. 

Moreover,  we  have  reasons  to  think  that  the  living  substance  does  not 
bKAk  down  into  the  waste  matters  which  leave  the  IkkJv  at  a  single  bound, 
bat  tbere  are  stages  in  the  downwanl  progress  between  the  one  and  the 
other.  Similarly,  though  our  knowledge  on  this  point  is  less  sure,  we  have 
rca»QO  tit  think  that  the  food  is  not  incorporated  into  the  living  substance  at 
a  ftingle  step,  hut  that  there  are  stages  in  the  upward  progresis  from  the 
(ioui  food  tu  the  living  substance.     Each  piece  of  the  body  of  the  amcvba 
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will,  therefore,  coaiain  aubet&nces  representing  various  stages  of  becoming 
living,  and  of  ceasing  to  be  living,  as  well  as  the  living  substance  itself. 
And  we  mar  safelv  make  this  statement,  though  we  are  quite  unable  to 
draw  the  line,  where  the  dead  food  on  its  way  up  becomes  living,  or  the 
living  substance  on  its  way  down  becomes  dead. 

i  5.  Nor  is  it  necessary  f^^r  our  present  purpose  to  be  able  to  point  out 
under  the  microscope,  or  to  describe  from  a  histological  point  of  view,  the 
parts  which  are  living  and  the  parts  which  are  dead  food  or  dead  waste. 
The  body  of  the  amfjtba  is  frequently  spoken  of  as  consisting  of  *^  proto- 
plasm.'' The  name  was  originally  given  to  the  matter  forming  the  primor- 
dial utricle  of  the  vegetable  cell  as  distinguished  from  the  cell  wall  on  the 
one  hand,  and  from  the  fluid  contents  of  the  cell  or  cell  sap  on  the  other, 
and  also  we  may  add  from  the  nucleus.  It  has  since  been  applied  very 
generally  to  such  parts  of  animal  bodies  as  resemble,  in  their  general  fea- 
tures, the  primordial  utricle.  Thus  the  body  of  a  white  blood-corpuscle,  or 
of  a  gland  cell,  or  of  a  nerve  cell,  is  said  to  consist  of  protoplasm.  Such 
parts  of  animal  bodies  as  do  not  in  their  general  features  resemble  the 
matter  of  the  primordial  utricle  are  not  called  protoplasm,  or,  if  they  at 
vtmt  earlier  stage  did  bear  such  resemblace,  but  no  longer  do  so,  are  some- 
times, as  in  the  case  of  the  substance  of  a  muscular  fibre,  called  ''  differen- 
tiated protoplasm.''  Protoplasm  in  this  sense  sometimes  appears,  as  in  the 
outer  part  of  most  amoebse.  as  a  mass  of  glassy-looking  material,  either  con- 
tinuous or  interrupted  by  more  or  less  spherical  spaces  or  vacuoles  filled 
with  fiuid,  sometimes  as  in  a  gland  cell  as  a  more  refractive,  cloudy-looking, 
or  finely  granular  material  arranged  in  a  more  or  less  irregular  network,  or 
spongework,  the  interstices  of  which  are  occupied  either  by  fluid  or  by  some 
materia]  different  from  itself.  We  shall  return,  however,  to  the  features  of 
this  *'  protoplasm  "  when  we  come  to  treat  of  white  blood-corpuscles  and 
other  **  protoplasmic"  structures.  MeanwhUe  it  is  sufficient  for  our  present 
purpose  U>  note  that  lodged  in  the  protoplasm,  discontinuous  with  it,  and 
forming  no  part  of  it,  are  in  the  first  place  collections  of  fluid,  of  watery 
solutions  of  varioos  substances,  occupying  the  more  regular  vacuoles  or 
the  more  irregular  spaces  of  the  network,  and  in  the  second  place  discrete 
granules  of  one  kind  or  another,  also  forming  no  part  of  the  protoplasm 
itself,  but  lodged  either  in  the  bars  or  substance  of  the  protoplasm  or  in  the 
vacuoles  or  meshes. 

Now,  there  can  be  little  doubt  that  the  fluids  and  the  discrete  granules  are 
dead  ff»ftd  or  dead  waste,  but  the  present  state  of  our  knowledge  will  not 
permit  us  to  make  any  very  definite  statement  about  the  proto|>tasm  itself. 
We  may  probably  conclude,  indeed  we  may  be  almost  sure,  that  protoplasm 
in  the  alK>ve  sense  is  not  all  living  substance,  that  it  is  made  up  partly  of 
the  real  living  substance,  and  partly  of  material  which  is  becoming  living  or 
has  ceasefl  to  be  living ;  and  in  the  case  where  protoplasm  is  described  as 
forming  a  network,  it  is  p<js3ible  that  some  of  the  material  occupying  the 
meshes  of  the  network  may  be,  like  part  of  the  network  itself,  really  alive. 
"  Protoplasm  "  in  fact,  as  in  the  sense  in  which  we  are  now  using  it,  and  shall 
continue  to  use  it,  is  a  morphological  term  ;  but  it  must  be  borne  iu  mind  that 
the  same  word  "  protoplasm  "  is  also  frequently  used  to  denote  what  we  have 
just  now  called  "  the  real  livin:^  substance.''  The  word  then  embodies  a  phxf- 
giological  idea  ;  so  used  it  may  be  applied  to  the  liviug  substauce  of  all  living 
structures,  whatever  the  microscopical  features  of  those  structures  :  in  this 
sens4:  it  cannot  at  present,  and  possibly  never  will  be  recognized  by  the 
micrfjscope,  and  our  knowledge  of  its  nature  must  be  based  on  inferences. 

Keeping  then  to  the  phrase  "  living  substance  "  we  may  say  that  each 
piece  of  the  body  of  the  amoeba  consists  of  living  substance,  iu  which  are 
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lodmi^  or  with  which  are  built  up  in  some  way  or  other,  food  and  waste  in 
Tanou*  stages. 

Now,  an  amwha  may  divide  itself  Into  two,  each  half  exhibiliug  all  the 
pbenoruc-na  of  the  whole;  and  we  can  easily  iniaf^iue  the  process  to  be 
repeated,  onlil  the  amoeba  was  divided  into  a  multitude  of  exceedingly 
rawute  amipbiip^  each  having  all  the  properties  of  the  ori^nal.  But  it  is 
obvious,  as  in  the  like  division  of  a  mass  of  a  chemical  substance,  that  the 
divisiun  oould  not  be  repealed  indetinitely.  Just  na  in  division  of  the  chem- 
ioU  mass  we  come  to  the  chemical  molecule,  further  division  of  which 
ckanses  the  properties  of  the  substance,  so  in  the  continued  division  of  the 
■iiKBiM  we  should  come  to  a  stage  in  which  further  division  interfered  with 
the  phT»ioIogieal  actions,  we  should  come  to  a  physiological  unit,  correspond- 
iDg  to  but  greatly  more  complex  than  the  chemical  molecule.*  This  unit  to 
remain  a  physif»logical  unit  and  to  continue  to  live  must  coutain  not  only  a 
|»ortion  of  the  living  substance  but  also  the  food  for  that  living  substance, 
in  aeveral  at  least  of  the  stages,  from  the  initial  raw  forxl  up  to  the  Hnal 
**  living  "  stages,  and  must  similarly  contain  various  stages  of  waste. 

§  6.  Now,  the  great  characteristic  of  the  typical  amteba  (leaving  out  the 
DQcleus)  is  that,  aa  far  as  we  can  ascertain,  all  the  physiological  units  are 
alike;  ihey  nil  do  the  same  things.  Each  and  every  part  of  the  body 
receives  foo<i  more  or  lesa  raw  and  builds  it  up  into  its  own  living  substance  ; 
cttch  and  every  part  of  the  body  may  be  at  one  time  quiescent  and  at  another 
in  niotiun  ;  each  and  every  part  ia  sensitive  and  responds  by  movement  or 
ulherwiae  to  various  changes  in  its  surrounding?. 

The  body  of  man,  in  its  first  stage,  while  it  is  yet  an  ovum,  if  we  leave 
■aide  the  qucIcub  and  neglect  differences  caused  by  the  unequal  distribution 
of  fcKMJ  materia]  or  yolk,  may  also  be  said  to  be  composed  of  like  parts  or 
like  phv^ioiogical  units. 

By  ifie  act  of  segmentation,  however,  the  ovum  is  divided  into  parts  or 
cells  which  early  show  differences  from  each  other :  and  these  ditfereuces 
rapidly  increase  as  development  proceeds.  Some  cells  put  on  certain  char- 
act«^ni  and  others  other  characters — that  is  to  say,  the  cells  undergo  hiftohgi- 
etU  difffTtntiaiion.  And  this  takes  place  in  such  a  way  that  a  number  of 
crlU  lying  log(»ther  in  a  group  become  eventually  convertetl  into  a  iUsne^ 
and  the  whole  b>Mly  becomes  a  collection  of  such  tissues  arranged  together 
according  to  morphological  laws,  each  tissue  having  a  definite  structure,  its 
cellular  uature  being  SMmetimes  preserved,  sometimes  obscured  or  even  lost. 

This  hi&ti'li»gical  diflerentiation  is  accompanied  by  a  phj/ifiolo^ieal  dhipion 
<y  Mor.  Each  tissue  may  be  8uppose<l  to  be  compiled  of  physiological  units, 
the  units  of  the  same  tissue  being  alike  hut  diHering  from  the  units  of  other 
tissues;  and  corresponding  ti  thisdifforence  of  structure,  the  units  of  different 
lissues  behave  or  act  difl'erently.  Instead  of  all  the  units,  as  in  the  amoeba, 
doing  the  same  things  equally  well,  the  units  of  one  tissue  are  told  uff,  as  it 
were,  to  do  one  thing  especially  well,  or  especially  fully,  and  thus  the  whole 
Iftbor  <ff  the  body  is  divided  among  the  several  tissues. 

!i  7.  The  several  ti<wued  may  thus  be  classified  according  to  the  work  which 
they  have  to  do;  and  the  first  great  distinction  is  into  (1)  the  tissues  which 
anr  (Ninoemed  in  the  setting  free  of  energy  in  special  ways,  and  (2)  the  tissues 
which  are  concerned  in  replenishing  the  substance  and  so  renewing  the 
tlMPTgy  of  the  bwly. 

Eocli  physiological  unit  of  the  amteba  while  it  is  engaged  in  setting  free 
•oergy  sc  as  to  move  itself,  and  by  reason  of  its  sensitiveness  so  directing 
tliat  roergy  as  to  pnxluce  a  movement  suitable  to  the  conditions  of  its  sur- 
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mlHUmg  thml  part  of  tbe  raw  Haod  vlucb  h  oatHal  and  reyeetiiig  tliat  vhiek 
m  nwlrwy  ami  of  working  ap  the  accqiCeJ  part  tkroogh  a  Tarietr  of  stages 
tsio  ito  owa  liTiag  aohrtancr — thai  m  to  My,  it  baa  at  tke  oune  time  tkat  it 
ii  iftfliag  and  noviae  to  ca/ry  oa  tbe  work  of  digesting  and  aainQaliDg. 
It  Imm^  Moreaver,  at  toe  Mme  time  to  thn^v  oat  the  waste  natten  arisiBg 
from  tbe  cbanges  taking  place  in  iu  own  sobst&Dce,  having  first  brought 
tbcae  vsite  matters  into  a  condition  suitable  for  being  thrown  out. 

f  8.  In  tbe  body  of  nan,  morements,  as  we  shall  see.  are.  broadly  speak- 
ing* carried  oat  by  means  of  mascular  tissue,  and  the  changes  in  muscular 
tissue  wbicb  lead  to  tbe  setting  free  of  energy  in  the  form  of  moTement  are 
directed*  gorenied,  and  adapted  to  the  surroaodinge  of  man.  by  means  of 
nerrous  tMsue.  Kays  of  light  fall  on  tbe  nervous  substance  of  the  eye  called 
tbe  retina,  and  set  up  in  the  retina  changes  which  induce  in  the  optic  nerre 
other  changes,  which  in  turn  are  propagated  to  the  brain  as  riervotu  impulse$, 
both  tbe  excitation  and  the  j>ri)p^ation  involving  an  expenditure  of  energy. 
These  nenroos  impulse*  reaching  the  brain  may  induce  other  nervous  im- 
polses  which,  travelling  down  certain  nerves  to  certain  muscles,  may  lea<i  to 
ebasges  in  those  muscles  by  which  they  suddenly  grow  short  and  pull  upon 
the  bones  or  other  structures  to  which  tbey  are  attached,  in  which  case  we 
say  the  man  starts;  or  the  nervous  impulses  reaching  the  brain  may  produce 
some  other  eflects.  Similarly  sound  falling  on  the  ear.  or  contact  between 
tbe  skin  and  some  foreign  body,  or  some  change  in  the  air  or  other  surround- 
ings of  the  body,  or  some  change  within  the  body  itself  may  sn  aifect  the 
nervous  tissue  of  the  bodv  that  nervous  impulses  are  started  and  travel  to 
this  point  or  that,  to  tbe  brain  or  elsewhere,  and  eventually  may  either  reach 
some  muscular  tissue  and  so  give  rise  to  movements,  or  may  reach  other 
timues  and  produce  some  other  effect. 

The  muscular  tissue  then  may  be  considered  as  given  up  to  the  produc* 
tion  of  movement,  and  the  nervous  tissue  as  given  up  to  the  generation, 
transformslion,  and  propagation  of  nervous  impulses.  In  each  case  there 
is  an  exfieuditure  of  energy,  which  in  the  case  of  tbe  muscle,  as  we  shall 
tee,  leaves  tbe  body  partly  as  heat,  and  psrtly  bs  work  done,  but  in  the  case 
of  nervous  tissue  is  wholly  or  almost  wholly  transformed  into  heat  before  it 
leaves  the  body ;  and  this  expenditure  necessitates  a  replenishment  of  energy 
mod  a  renewal  of  substance. 

I  9.  In  order  that  these  master  tissues,  the  nervous  aud  muscular  tissues, 
may  carry  on  tbeir  important  works  to  the  best  advantage,  they  are  relieved 
of  much  of  the  labor  that  falls  ujwn  each  physiological  unit  of  the  amoeba. 
They  are  n'lt  prescutet)  with  raw  food,  they  are  nut  required  to  carry  out  the 
Deoessary  iranHformatioDs  of  their  immediate  waste  matters.  The  whole  of 
the  rest  of  the  body  is  engaged  (I)  in  so  preparing  the  raw  food,  and  so 
bringing  it  to  the  nervous  and  muscular  tissues  that  the^e  may  build  it  up 
into  their  own  substance  with  the  least  trouble,  and  (2)  in  receiving  tbe 
waste  matters  which  arise  in  muHcular  and  nervous  tissues,  and  preparing 
them  for  rapid  and  easy  ejection  from  the  body. 

Thus  to  certain  tissues,  which  we  may  srwak  of  broadly  as  *' tissues  of 
digestion,"  is  ullotted  the  duty  of  acting  on  the  food  and  preparing  it  for  the 
use  of  the  muscular  and  nervous  tissues;  and  to  other  tissues,  which  we  may 
speak  of  as  "  tissues  of  excretion/'  ia  allolled  the  duty  of  clearing  the  body 
from  the  waste  matters  generated  by  the  muscular  and  nervous  tissues. 

!i  10.  These  tiseues  are  for  the  niotft  part  arranged  in  machines  or  mechan- 
isms called  organs,  and  the  working  of  these  organs  involves  movement. 
The  movements  of  these  organs  are  carried  out,  like  the  other  movements  of 
the  bu^Jy,  chiefly  by  means  of  muscular  tissue  governed  hy  nervous  tissue. 
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IIeiic«  we  may  make  a  distinctioD  between  the  muscles  which  are  concerned 
in  prtxlucing  an  ett'ect  on  the  world  outsi<le  man's  body,  the  muscles  hy  which 
mao  does  his  work  in  the  world,  and  the  musclea  which  are  concerned  in 
carrying  out  the  raovetneDle  of  the  internal  organs.  And  we  may  similarly 
,saake  a  dutinction  between  the  nervous  tiseue  concerned  in  carrying  out  the 
external  work  of  the  body  and  that  concerned  in  re^ulatinj^  the  movements 
•fid,  a«  we  shall  see,  the  general  conduct  of  the  internal  organs.  But  these 
two  classes  of  muscular  and  nervous  tissue  though  distinct  in  work,  and,  as 
we  shall  see,  often  different  in  structure,  are  not  separated  or  isolate*!.  On 
the  contrary,  while  it  is  the  main  duty  of  the  nervous  tissue  as  a  whole,  the 
nervous  system,  as  we  may  call  it,  to  carry  out.  by  means  of  nervous  impulses 
Tmming  hither  and  thither,  what  may  be  spoken  of  as  the  work  of  man,  aud 
lu  this  sense  is  the  master  tissue,  it  also  serves  as  a  bond  nf  union  between 
itself  and  the  muscles  doing  external  work  on  the  one  hand,  and  the  organs 
v(  digestion  or  excretion  on  the  other,  so  that  the  activity  and  conduct  of 
the  latter  may  be  adequately  adapted  to  the  needs  of  the  former. 

§  IL  Lastly,  the  food  prepared  and  elaborated  by  the  digestive  organs  is 
carried  and  presented  to  the  muscular  and  nervous  tissues  in  the  form  of  a 
complex  fluid  known  as  blood,  which,  driven  by  means  of  a  complicated 
■lecnanisro  known  as  the  vascular  system,  circulates  all  over  the  body,  visit- 
ing in  turn  all  the  tissues  of  the  body,  and  by  a  special  arrangement  known 
■»  the  respiratory  mechanism,  carrying  in  itself  to  the  several  tissues  a  supply 
of  oxygen  as  well  as  of  food  more  properly  so  called. 

The  motive  power  of  this  vascular  system  is  suppHed,  as  in  the  case  of  the 
digestive  system,  by  means  of  muscular  tissue,  the  activity  of  which  is  simi- 
larly governed  by  the  nervous  system,  and  hence  the  tiow  of  blood  to  this 
part  or  that  part  is  regulated  according  to  the  needs  of  the  part. 

i  12.  The  above  alight  sketch  will  [>erhaps  suffice  to  show  nut  only  how 
oumeroufl  but  how  varied  are  the  problems  with  which  physiology  has  to 
deft). 

In  the  first  place  there  are  what  may  be  called  general  problems,  such  as 
How  the  food  after  its  preparation  and  elaboration  into  blood  is  built  up 
into  the  living  substance  of  the  several  tissues?  How  the  living  substance 
breaks  flown  into  the  dead  waste?  How  the  building  up  and  breaking 
down  differ  in  the  ditfereut  tissues  in  stucii  a  way  that  energy  is  set  free  in 
ditierent  modes,  the  muscular  tissue  contracting,  the  nervous  tissue  thrilling 
with  a  nervous  impulse,  the  secreting  tissue  doing  chemical  work,  aud  the 
like?  To  these  general  questions  the  answers  which  we  can  at  present  give 
can  hardly  be  called  answers  at  all. 

In  the  second  place  there  are  what  may  be  called  special  problems,  such 
ftt  What  are  the  various  steps  by  which  the  blood  is  kept  replenished  with 
f[>Ml  and  oxygen,  and  kept  free  from  an  accumulation  of  waste,  and  how  is 
the  activity  of  the  digestive,  respiratory,  and  excretory  organs,  which  etfect 
this,  regulated  and  adapted  to  tne  stress  of  circumstances?  What  are  the 
details  of  the  working  of  the  vascular  mechanism  by  which  each  and  every 
tiiMue  is  forever  bathed  with  fresh  blood,  and  how  is  that  working  delicately 
adapter!  to  all  the  varied  changes  of  the  body?  And,  compared  with  which 
aU  other  S{>ecial  problems  are  iuBiguilicant  and  preparatory  only,  How  do 
■cnroiM  impulses  so  tlit  to  and  fro  within  the  nervous  system  as  to  issue  in 
the  morementa  which  make  up  what  we  sonietimes  call  tne  life  of  man?  It 
is  to  these  special  problems  that  we  must  chiefly  confine  our  attention,  and 
we  may  fitly  begin  with  a  study  of  the  blood. 
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§13.     The  several  tissues  are  traversed  by  minute  tubes,  the  capiltHry 
rUoodvCMeU,  to  which  blood  is   brought  by  the  arteriea,  and  from   which 
is  carried  away  by  the  veins.     These  capillftries  form  networks  the 
of  which,  differing  in  form  and  size  in  the  dirtercnt  liasues,  are  ocou- 
'pied  by  the  elements  of  the  tissue  which  conse(|uoutly  lie  ouUide  the  capil- 

The  bloo<l  flowing  through  the  capillaries  consists,  under  normal  condi- 
tions, of  an  almoet  cohirless  fluid,  the  plaama,  in  which  are  carrie*!  a  num- 
ber of  bodies,  the  red,  and  the  whiie  corpuscles .  Outside  the  capillary  wails, 
filling  up  such  spaces  as  exist  between  the  capillary  walls  and  the  cells  or  tibres 
of  the  tissue,  or  between  the  pieraente  of  the  tissue  themselves,  is  found  a 
rolnrlrss  fluid,  resembling  in  many  respects  the  plasma  of  blood  and  callcii 
iymph.  Thus  all  the  elements  of  the  tissue  and  the  outsides  of  all  the  capil- 
tuiev  »re  bathed  with  lymph,  which,  as  we  shall  see  hereafter,  is  continually 
floiPviDg  away  from  the  tissue  along  special  channels  to  pass  into  lymphatic 
Trwf  III  and  thence  into  the  binod. 

Ab  the  blofid  flows  through  the  capillaries  certain  constituents  of  the 
plaflDA  (together  with,  at  times,  white  corpuscles,  and  under  exceptional 
arcanistaDcefl  red  corpu:»ctes^  pass  through  the  capillary  wall  into  the 
lymph,  and  certain  constituents  of  the  lymph  pass  through  the  capillary 
ml]  into  the  blomJ  within  the  capillary.  There  is  thus  an  interchange  f>f 
iBAterial  between  the  blood  within  the  capillary  and  the  lymph  outside.  A 
iiiiiilar  interchange  of  material  is  at  the  same  time  going  on  between  the 
Ivniph  and  the  tissue  itself  IFence,  by  means  of  the  lymph  acting  as  mid- 
ifleman,  a  double  interchange  of  material  takes  place  between  the  blood 
within  the  capillary  and  the  tissue  outside  the  capillary.  In  every  tissue, 
iri  loog  as  life  lasts  and  the  blood  flows  through  tne  bloodvessels,  a  double 
ftr«sm.  now  rapid,  now  slow,  is  pnesing  from  the  blood  to  the  tissue  and 
fipow  the  tissue  to  the  blood.  The  stream  from  the  blood  to  the  tissue  car- 
Hm  to  the  tissue  the  material  which  the  tissue  needs  for  buildinfr  itself  up 
Aad  for  doing  its  work,  including  the  all-impi>rtant  oxygen.  The  stream 
IrMn  the  tissue  (o  the  h!i-Mid  carries  into  the  blood  certain  of  the  products  of 
die  cbemlcnl  changes  which  have  been  taking  place  in  the  tissue,  products 
which  may  be  simple  waste,  to  be  ca^t  out  of  the  body  as  soon  as  posfiiblCf 
or  which  may  be  bodies  capable  of  being  made  use  of  by  some  other  tiseae. 
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A  third  stream,  that  from  the  lymph  Iving  in  the  chinks  and  crannies  of 
the  tissue  along  the  lymph  chaunels  to  the  larger  lymph  vessels,  carries 
away  from  the  tissue  such  parLs  of  the  material  coming  from  the  bh^od  as 
are  not  taken  up  by  the  tissue  itself  and  such  parts  of  the  material  coming 
from  the  tissue  as  do  nut  find  their  way  into  the  bloodvessel. 

In  most  tissues,  as  in  muscle  for  instance,  the  capillary  network  ia  ao 
close  »et  and  the  muscular  fibre  lies  so  near  to  the  bloodvessel  that  the 
lymph  between  the  two  exists  only  as  a  very  thin  sheet;  hut  in  some  tis- 
sues, as  in  cartilage,  the  bloodvessels  He  on  the  outside  of  a  large  mass  ot 
tissue,  the  iuterchauge  between  the  central  parts  of  which  and  the  nearest 
capillary  bloddvesselis  carried  on  through  a  long  stretch  of  lymph  passages. 
But  iu  each  case  the  principle  is  the  same ;  the  tissue,  by  the  help  of  lymph, 
live^  on  the  blood  :  and  when  in  8uccee<Jing  pages  we  speak  of  changes  be- 
tween the  blood  and  the  tissues,  it  will  be  understooo,  whether  expressly 
stated  60  or  not,  that  the  changes  are  etl'ectetl  by  means  of  the  lymph.  The 
blood  may  thus  be  regarded  as  an  internal  mtuiium,  bearing  the  same  rela- 
tions to  the  constituent  tissues  that  the  external  medium,  the  world,  does  to 
the  whole  individual.  Just  as  the  whole  organism  lives  on  the  things 
around  it,  its  air  and  its  food,  so  the  several  tissues  live  on  the  complex  fluid 
by  which  they  are  all  bathed  and  which  i^  to  them  their  immediate  air  aai 
fof>d. 

All  the  tissues  take  up  oxygen  from  the  blood  and  give  up  carbonic  ac!< 
to  the  blood,  but  not  always  at  the  same  rate  or  at  the  same  time.     More- 
over, the  several  tissues  take  up  from  the  blood  and  give  up  to  the  bloo<ifl 
either  ditl'ereat  things  or  the  same  things  at  different  rates  or  at  ditferea|| 
times. 

From  this  it  follows,  on  the  one  hand,  that  the  composition  and  charac- 
ters of  the  blood  mnst  be  forever  varying  in  diHerent  parts  of  the  body  and 
at  different  times;  and  on  the  other  hand,  that  the  united  action  of  all  the 
tissues  must  tend  to  establish  and  niuiutaln  an  average  uniform  composition 
of  the  whole  mass  of  blood.  The  special  changes  which  blood  is  known  to 
undergo  while  it  passes  through  the  several  tissues  will  beat  be  dealt  with 
when  the  individual  tissues  and  organs  come  untler  our  consideration.     Al 

E resent  it  will  be  sutKcient  to  study  the  main  features  which  are  present 
y  blood,  brought,  so   to  speaks  into  a  state  of  equilibrium  by  the  commi 
action  of  all  the  tissues. 

Of  all  these  main  features  of  blood  the  most  striking,  if  not  the  most  ii 
portant,  is  the  property  it  possesses  of  clotting  when  shed. 
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§14.  Blood,  when  shed  from  the  bloodvessels  of  a  living  body,  is  perfectly 
fluid.  In  a  short  time  it  becomes  viscid  ;  it  flowa  lesa  readily  from  vessel  to 
vessel.  The  viscidity  increases  rapidly  until  the  whole  mass  of  blood  under 
observation  becomes  a  complete  jelly.  The  vessel  into  which  it  has  been  shed 
can  at  this  stage  be  inverted  without  a  drop  of  the  blood  being  spilt.  The 
jelly  ia  <tf  the  same  bulk  a^  the  previously  tiuid  blood,  and  if  carefully  shaken 
out  will  present  a  complete  mould  of  the  interior  of  the  vessel.  [Fjg.  2.]  If 
the  blood  in  this  jelly  stage  be  left  untouched  iu  u  gla^s  vessel,  a  few  dro|>6 
of  an  almost  colorless  fluid  soon  make  their  appearance  on  the  surface  of  the 
jelly.  Increasing  in  number,  and  running  together,  the  dro|)s  after  a  while 
form  a  superticial  layer  of  pale,  straw-colored  fluid.  Later  on.  similar  layers 
of  the  same  fluid  are  seen  at  the  sides  and  finally  at  the  bottom  of  the  jell] 
which,  shrunk  to  a  smaller  size  and  of  firmer  cousisteucy,  now  forms  a  cl 
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nr  erajMrnenitim.  floatiog  in  a  perfectly  fluid  sertim.  [Fig.  3.]  The  ahnuking 
and  ooadenaation  of  the  ctot,  and  the  corred^Kmding  increase  of  the  seruni, 
coMtoue  for  some  time.     The  upper  surface  of  the  clot  is  generally  slightly 


fFio.  a. 


(Kio.  S. 


Bowl  of  n^rtrnily  mtguluicM  bVmd, 

•bcmlBME  (li»  vbolt;  nmn  iitilformly 

AStMtVAUTmi.] 


Bowl  of  ciwtfiilated  Ulood,  aA«r  twelre 
houn,  ftbnwltig  the  riot  tM)ntruct«d  and  tliMt- 
Ing  In  tli«  Uukl  wnim.    Atler  Daltos.] 


OOBcaTe.     A  portion  of  the  clot  examined  under  the  microscope  is  seen  to 
oiBabt  uf  a  feltwork  of  fine  granalar   fibrils,  iu    the  meshes  of  which  are 
Cfltangled  the  re<l  and  white  curpusciea  of  the  blood.     In  the  serum  nothing 
can  be  seen  but  a  few  sirny  corpus- 
dca,  dbiefly  white.     The  fibrils  are 
eooiposed    of   a    subfitance     called 
fibwim,    [Fig.  4.]      Hence    we    may 
■HfV  of  the  clot  as  consisting  of 
nnrin  and  corpuscles;  and  the  act 
of  clotting  is  obviously  a  substitu- 
tion fur  the  plasma  of  fibrin  and 
im.  followed  by  a  separation  of 
fibrin  and  corpuscles  from  the 
•ram. 

lo  man.  blood  when  shed  becomes 
ad  in  about  two  or  three  minuter, 
efiler»  the  jelly  stage  in  about 
or  ten  minutes.  After  the  lapse 
of  another  few  minutes  the  first 
drops  uf  aeruij]  are  seen,  and  clotting 
ii  generally  complete  in  from  one  to 
several  hour*.  The  time,  however, 
'ill  l>e  found  lo  varA'  according  to 
Iministfinces.     Among  animals  the 

Lpidity  oi  clotting  varies  exceedingly  iu  ditlereut  species.  The  blood  of  the 
clota  with  remarkable  slownef-s ;  so  slowly,  indeed,  thai  many  of  the 
ted  and  also  ^  -me  of  the  white  corpuscles  (both  these  being  s[)ecifically 
bcftvier  than  the  plasma)  have  time  to  sink  before  viscidity  sets  in.  In  coa- 
•equoDce  there  appears  on  the  surface  of  the  blood  an  upper  layer  of  colorless 
p&Moia,  containing  in  its  deefier  |H)rtions  many  colorless  corpuscles  (which 
ft:  V_V'  r  than  the  red).  This  layer  clots  like  the  other  parts  of  the  blood, 
1  "tie  so-calleil  "  bully  coat."     A  similar  huffy  coat  is  sometimes  seen 

in  Uic  bl-iuil  of  man,  in  certain  abnormal  conditions  of  the  body. 

If  m  portion  of  horse's  blood  be  surrounded  by  a  cooling  mixture  of  ice 
aad  ittlt,  and  thus  kept  at  about  0^  C,  clotting  may  be  almost  indefinitely 
poMpODcd.  Under  these  circumstances  a  more  complete  descent  of  the  oor- 
pOMMi  takes  place,  and  a  considerable  uuantity  of  colorless  transparent 
free  from   blood  corpuscles  may  be  obtained.     A  portion  of  this 


Oi)«(iilate<l  nbrtn,  sikovrinc  iu  fibrUloiad  eoa- 

dlUtm.    Aft«r  Daltun.] 
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plasma  removed  from  the  freezing  mixture  clots  to  the  same  maimer  at 
the  entire  blood.     1l  first  hecomes  viscid  and  then  forms  a  jeUy,  which  suh- 
sequentty  separates  iuto  a  colorless  ahrunkea  clot  and  serum.     This  ahow< 
that  the  corpuaolee  are  not  an  essential  part  of  the  clot. 

If  a  few  cubic  centimetres  of  this  colorless  plasma,  or  of  a  simitar  plasm 
which  may  be  obtained  from  almost  any  blood  by  means  wliich  we  will 
presently  describe,  be  diluted  with  many  times  it*  bulk  of  a  0.6  f>er  cent, 
solution  of  sodium  chlori<le^  clotting  is  much  retarded,  and  the  various  stages 
may  be  more  easily  watched.  As  die  fluid  is  becoming  viscid,  fine  Obrila 
of  fibrin  will  be  seen  to  be  developed  in  it,  especially  at  the  sides  of  the  con- 
taining vessel.  As  these  fibrils  multiply  in  number,  the  fluid  becomes  more 
and  more  of  the  consistence  of  a  jelly  and  at  the  same  time  somewhat  opaqae. 
Stirred  or  pulled  about  with  a  needle,  the  fibrils  shrink  up  into  a  small 
opaque  stringy  mass;  and  a  very  considerable  bulk  of  the  jelly  may  by 
agitation  he  resfjived  into  a  minute  fragment  of  shrunken  fibrin  floating  in  a 
quantity  of  what  is  really  diluted  serum.  If  a  specimen  of  such  diluted 
plasma  be  stirred  from  time  to  time,  as  soon  as  clotting  begins,  with  a  needle 
or  glass  ro<l,  the  fibrin  may  be  removed  piecemeal  as  it  forms,  and  the  jelly 
stage  may  be  altogether  done  uway  with.  When  fresh  blood  which  has  not 
yet  had  time  to  clot  is  stirred  or  whipped  with  a  bundle  of  rods  (or  anything 
presenting  a  large  amount  of  rough  surface),  no  jelly-like  clotting  takes 
place,  but  the  rods  become  covered  with  a  mass  of  shrunken  fibrin.  Blood 
thus  whippetl  until  fibrin  ceases  to  be  deposited,  is  found  to  have  entirely 
lost  its  p<jwer  of  clotting. 

Putting  these  facts  together,  it  is  very  clear  that  the  phenomena  of 
the  clotting  of  blood  are  caused  by  the  appearance  in  the  plasma  of  fine 
fibrils  of  fibrin.  Bf»  long  as  these  are  scanty,  the  bloo<l  is  simply  viscid. 
When  they  become  sufficiently  numeroug,  they  give  the  blood  the  firmness 
of  a  jelly.  Soon  after  their  formation  they  begin  to  shrink,  and  while 
shrinking  enclose  in  their  meshes  the  corpuscles,  but  squeeze  out  the  fluid 
parts  of  the  blood.  Hence  the  appearance  of  the  shrunken  colored  clotaa<^ 
the  colorless  serum.  ■ 

ij  15.  Fibrin,  whether  obtained  by  whipping  freshly  shed  bloo<l,  or  by™ 
washing  either  a  normal  clot,  or  a  clot  obtained   from  colorless   plasma, 
exhibits  the  same  general  characters.     It  belongs  to  that  class  of  complex 
unstable  nitrogenous  bodies  called  profeith,  which  r«>rm  a  large  portion  of  all 
living  bodies  and  an  essential  part  of  all  living  structures.  M 

Our  knowledge  of  proteids  is  at  present  too  imperfect,  and  probably  nooq 
of  them  have  yet  been  prepared  in  adequate  purity  to  justify  us  in  attempting 
to  assign  to  them  any  definite  formula  ;  but  it  is  important  to  remember  their 
general  composition.  100  parts  of  a  proteid  contain  rather  more  than  50 
parts  of  carbon,  rather  more  than  lo  of  nitrogen,  about  7  of  hydrogen,  and 
rather  more  than  20  of  oxygen  ;  that  is  to  say,  they  contain  about  half  their 
weight  of  carbon,  and  uuly  about  A  their  weight  of  nitrogen  ;  and  yet,  as  we 
shall  see,  they  are  eminently  the  nitrogenous  substances  of  the  body.  They 
usually  contain  a  smalt  quantity  (1  or  2  per  cent. )  of  sulphur,  and  many  also 
have  some  phosphorus  attached  to  them  in  some  way  or  other.  When  burnt 
they  leave  a  variable  quantity  of  ash.  consisting  of  inorganic  salts  of  which 
the  baseaare  chiefly  sodium  and  potassium,  and  the  acids  chiefly  hydrochloric, 
sulphuric,  phosphoric,  and  carbonic. 

They  all  give  certain  reactions,  by  which  their  presence  may  be  recognized ; 
of  these  the  moat  characteristic  are  the  following:  lioiUMi  with  nitric  acid 
they  give  a  yellow  color,  which  deepens  into  orange  upon  the  addition  of 


*  A  Bolation  of  arxSlam  chloride  of  this  itrenfrtta  will  beieafter  bo  spoken  of  u  "□ormiiJ  sailne 
•oluilon." 
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Mnniowti.  Tliift  is  called  the  xanthoproUie  test ;  the  color  is  due  to  a  product 
of  decompositiou.  Boiled  with  the  mixture  of  mercuric  and  mercurous 
attrstca  kuowii  as  Millon^  reageiii,  they  give  a  piuk  color.  Mixed  with  a 
•troog  tolutioD  of  sodic  hydrate  they  give,  on  the  addition  of  a  drop  or  two  of 
A  Tery  weak  aolution  of  cuprlc  sulphate,  a  violet  or  pink  color  which  deejieus 
OB  iM^ttDg.  These  are  artificial  reactions,  not  tlirowing  much  if  any  ligbt 
on  the  constitution  of  proteids ;  but  they  are  useful  as  practical  tests  enabling 
OB  to  detect  their  presence. 

Tb«  teveral  raemliers  of  the  proteid  group  are  at  present  distinguished 
each  other  ciiietly  by  their  respective  solubilities,  especially  iu  various 

line  solutioiu.  Fibrin  is  one  of  the  least  soluble  ;  it  is  insoluble  in  water, 
ttloDCit  insoluble  In  dilute  neutral  saline  solutioDs,  and  very  sparingly  soluble 
in  iDora  concentrated  neutral  saline  dolutiouu  aud  in  dilute  acids  aud  alkalies. 
In  strong  acids  and  alkalies  it  dissolves,  but  in  tlic  process  becomes  com- 
pletely cbanged  into  sometbing  which  is  no  longer  iibrin.  Iu  dilute  acide  it 
•«elU  up  and  becomes  trannparent,  hut  when  the  acid  is  neutralized  returns 
u*  ila  previous  condition.  When  suspended  in  water  aud  healed  to  100"  C, 
or  eveij  to  7o^  C,  it  becomes  changed,  aud  still  less  soluble  than  before ;  it  is 
•aid  in  thia  case  to  be  coagulated  by  the  heat,  and,  as  we  shall  see,  nearly  all 
ptiitetd*  have  the  property  of  being  changed  in  nature,  of  undergoing 
eoagalation  and  so  becoming  less  soluble  than  before,  by  being  exposed  C4)  a 
certain  high  temperature. 

ril>riu.  Uien,  is  a  proteid  distinguished  from  other  proteids  by  its  smaller 
;  it  is  further  didtinguished  by  its  peculiar  tilaruentous  structure, 
:..  .,,.:  I  proteids  when  obtained  in  a  solid  form  appearing  either  in  amor- 
|>biiU4  granules  or,  at  most,  in  viscid  masses. 

Ji  16.   We  may  now  return  to  the  serum. 

This  is  perfectly  fluid,  and  remains  fluid  until  it  decomposes.  It  is  of  a 
laint  straw-color,  due  to  the  presence  of  a  special  pigment  substance,  differing 
from  the  red  matter  which  gives  redness  to  the  red  corpuscles. 

Tested  by  the  xanthoproteic  and  other  tests  it  obviously  contiuns  a  large 

Quantity  of  proteid  matter,  and  upon  examination  we  tind  that  at  least  two 
iitincc  proteid  substances  are  prei<ent  in  it. 
If  crystals  of  magnesium  sulphate  be  added  to  serum  and  gently  stirre*! 
antil  they  diasulve,  it  will  be  seeu  that  the  serum  as  it  appi*oaches  esaturatiou 
with  the  salt  becomes  turbid  instead  of  remaining  clear,  and  eventually  a 
white  amorphous  granular  or  flocculent  precipitate  makes  its  ap{>earauce. 
Thia  precipitate  may  be  separated  by  decantatiou  or  filtration,  washed  with 
•aturated  solutions  of  magnesium  sulphate,  in  which  it  is  insoluble,  until  it 
ia  fre«<d  from  all  other  constituents  ol  the  serum,  and  thus  obtained  fairly 
pare,  it  is  then  found  to  be  a  proteid  body,  distinguished  by  the  following 
eharacten  among  others : 

1.  It  is  (when  freed  from  any  adherent  magnesium  sulphate)  insoluble  iu 
diatilled  water;  it  is  insoluble  in  concentrated  solutions  of  neutral  saline 
liea^auch  as  magnesium  sulphate,  sodium  chloride,  etc.,  but  readily  soluble 
in  dilute  (e.  </.,  1  per  cent.)  solutions  of  the  same  neutral  saline  bodies. 
HcDoe  from  its  solutions  in  the  latter  it  may  be  precipitated  either  by  adding 
moire  Motral  saline  substance  or  by  removing  by  dialysis  the  small  'juantity 
of  wdtne  substance  present.  When  obtained  in  a  precipitated  form,  and 
anapaaded  in  distilltMl  water,  it  readily  dissolves  into  a  clear  solution  upon 
the  addition  of  a  small  quantity  of  some  neutral  saline  body.  By  these 
TarioaM  solutions  and  precipitations  it  is  not  really  changed  in  nature. 

'J.  It  readily  dissolves  in  very  dilute  acids  {c,  (/..  iu  hydrochloric  acid  even 
when  diluted  to  far  leas  than  1  per  cent.),  and  it  is  similarly  soluble  in  dilute 
alkalica,  but  iu  being  thus  dissolved  it  is  wholly  changed  in  nature,  and  the 
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eolutione  of  it  in  dilute  acid  and  dilute  alkalies  give  reactions  quite  dil 
from  those  of  the  sulutiou  of  the  eubtitauco  in  dilute  neutral  valine  solutinus. 
By  the  acid  it  is  converted  into  what  is  called  acid-albumin,  by  the  alkali 
into  alkalialbitmin,  both  of  which  bodies  we  shall  have  to  study  later  on. 

o.  When  it  is  suspended  iu  water  and  heated  it  becomes  altered  in  char- 
acter, coaguhied,  and  all  its  reactions  are  changed.  It  is  no  longer  soluble 
in  dilute  neutral  i^aliiie  solutions,  not  even  iu  dilute  acids  and  alkalies;  it 
has  become  roaff^ulatrd  proteid,  and  is  now  even  less  Boluble  than  fresh  fibrin. 
When  a  solution  of  it  iu  dilute  neutral  saline  solution  18  similarly  heated,  af 
similar  change  lakes  place,  a  precipitate  fulls  dowtt  which  on  examination 
is  found  to  be  coagulated  proteid.  The  temperature  at  which  this  change 
takes  place  is  somewhere  about  7o°  C,  though  shilling  slightly  according  to 
the  quantity  of  saline  subatance  present  in  the  aohilion. 

The  above  three  reactions  are  given  by  a  number  of  proteid  bodies  forming 
a  group  called  fflobuliivt,  and  the  particular  globulin  present  in  blood-eerum 
is  called  pataglobuliu .  m 

One  ut  the  proleids  present  in  blood-serum  is  theu  paraglobuliu,  charaoH 
terized  by  iti^  solubility  in  dilate  neutral  aaltne  solutions,  its  insolubility  in 
distilled  water  and  concentrateil  saline  solutions,  its  ready  solubility,  and  at 
the  same  time  conver8U)u  into  other  bodies,  in  dilute  aci<ls  and  alkalies,  an< 
in  its  becoming  converted  into  coagulated  proteid,  and  30  being  precipitate 
from  its  solutions  at  "0°  C. 

The  aTnnunt  of  it  present  in  bhiod-fterum  varies  in  various  animals,  hq< 
apparently  in  the  same  animal  at  different  times.     In  100  parts  by  weight 
serum  there  are  generally  present  alxmt  8  or  1*  parts  of  proteids  altogt?therJ 
and  of  these  some  3  or  4,  more  or  less,  may  be  taken  as  paraglobulin. 

S  17.  I!'  the  serum  from  which  the  paraglobtjliu  has  been  precipitated  bj 
the  addition  of  neutral  salt,  and  removed  by  fdtration,  be  subjected  to  dia- 
lysis, the  salt  added  may  be  removed,  and  a  clear,  eomewhat  diluted  seru 
free  from  paraglobulin  may  be  obtained. 

This  still  gives  abundant  proteid  reactions,  so  that  the  serum  stilt  contain) 
ft  proteid,  or  some  proteids  still  more  soluble  than  the  globulins,  since  they 
will  remain  in  solution,  and  are  not  precipitated,  even  when  dialysis  is  con- 
tinued until  the  serum  is  practically  freed  from  both  the  neutral  salt  added 
to  it  and  the  dtflusible  mill.s  previously  present  in  the  natural  serum. 

When  this  serum  is  heatel  to  75°  C.  a  precipitate  makes  its  appearance  j 
the  proteids  still  present  are  coagulated  at  this  temperature.  J 

We  have  some  reasons  for  thinking  that  more  than  one  proteid  is  presenqi 
but  they  are  all  closely  allied  to  each  other,  and  we  may  for  the  present 
speak  of  them  as  if  they  were  one,  and  call  the  proteid  letlt  in  serum,  after 
removal  of  the  paraglobulin,  by  the  name  of  albumin,  or,  lo  distinguish  it 
from  other  albumins  found  elsewhere,  serum-alb uinin.  Serum-albumin  is 
distinguished  by  being  more  soluble  than  the  globulins,  since  it  is  soluble  in 
distilled  water,  even  in  the  absence  of  all  neutral  salts.  Like  the  glubulini 
though  with  much  less  ease,  it  is  converted  by  dilute  acids  and  dilute  alkalis 
into  acid-  or  into  alkali-albumin.  The  ]>erceutage  amount  of  serum-albumil 
in  serum  may  be  put  down  as  4  or  T),  more  or  less,  but  it  varies  and  somi 
times  is  le-ss  abundant  than  paraglobulin.  Id  some  animals  (snakes)  it 
said  to  disappear  during  starvation. 

The  more  important  characters  of  the  three  proteids  which  we  have  jusr 
studied  may  be  stated  as  follows: 

acrum-a/frumsfu , 


I 

Off" 


Soluble  in  HistMlM  wausr  aw\  m  saline  solutions  of  nil  strengthe 
Insoluble  in  distille<l  water,  readily  soluble  in  dilute  lulinc  eolutions, 
tneoluble  iu  cuucwutnited  italiut*  Bolutiuua           ..... 
IiiaolutWc  in  distilled  wntor,  hardly  soltiMo  ut  all  in  dilute  saline 
solutions,  and  very  little  wluble  in  more  coneentrnle*!  saline  Solu- 
tions      ...     ^Mn 


paroghh^diii. 
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il««idefl  paniglobulin  and  flerumalbiimin,  8«rum  contains  a  very  large 
Bomber  of  flubetances^  generally  in  small  r|uaDtity,  which,  since  they  have 
u^  he  extracted  by  »|>ecial  methods,  are  called  extrndives :  of  these  some  are 
nitrogenous,  some  nonnitrogenou^i.  Serum  contains  besides  important  inor- 
gBoic  saline  substances;  l>ut  to  these  we  nhall  return. 

§  16.   With  the  knowledge  which  we  have  gained  of  the  proteids  of  clotted 
hlootl  we  may  go  back  to  the  question:  Clotting  being  due  to  the  appear- 
in  b!o<Mi  plasma  of  a  proteid  substance,  Hhrin,  which  previously  dirl  not 

:hn  in  it  as  such,  what  are  the  causes  which  led  to  the  appearance  of  Hbrin? 

We  learu  something  by  studying  the  moat  important  external  circum- 
which  aHect  the  rapidity  with  which  the  blood  of  the  same  indivi<lual 
^ots  when  shell.    These  are  as  follows  : 

A  temperature  of  40"^  C,  which  is  about  or  slightly  above  the  temperature 
of  ih*  blood  of  w^ni-bloo<le<i  animals,  is  perhaps  the  most  favorable  to  clot- 
ting. A  further  rise  ot'  a  tew  degrees  is  apparently  also  beneficial,  or  at 
least  Dot  injurious  ;  but  upon  a  stilt  further  rise  the  effect  changes,  and  when 
blood  ia  rapidly  heated  to  oG^  C  no  cloitiug  at  all  may  take  place.  At  thi8 
t«»p«rature  certain  proteids  of  the  blood  are  coagulated  and  precipitated 
(m^Icmy  clotting  can  tj\ke  place,  and  with  this  change  the  power  of  the  blood 
Xo  clot  b  wholly  lost.  1£,  however,  the  heating  be  not  very  rapid,  the  blood 
.may  clol  l>efore  this  change  has  time  to  come  on.  When  the  temperature 
of  being  raised  is  lowered  below  40^  C.  the  clotting  becomes  delayed 
prolonged  ;  and  at  the  temperature  of  0°  or  1"^  C.  the  blood  will  remain 
fluid,  luid  yet  capable  of  clotting  when  withdrawn  from  the  adverse  circum- 
iiaocciB.  for  a  very  long,  it  might  almost  be  said,  for  ao  indetiuite  time. 

A  small  quantity  of  blood  shed  into  a  small  vessel  clots  sooner  than  a  large 
quantity  shed  into  a  larger  one;  aud  in  general  the  greater  the  amount  of 
Inrcigt)  surface  with  which  the  blood  comes  in  contact  the  more  rapid  the 
clotting.  When  she*!  blood  is  stirred  or  "whipped"  the  fibrin  makes  ita 
ap|«*armnce  sooner  than  when  the  blood  is  left  to  clot  in  the  ordinary  way  ; 
0o  that  here,  too,  the  accelerating  inOuence  of  contact  with  foreign  bodies 
makes  itself  felt.  Similarly,  movement  of  shed  blood  hastens  clotting,siuce 
ti  iivcrrftses  the  amount  of  contRct  with  foreign  bodies.  So  also  the  addition 
of  »poi>gy  platinum  or  of  powdered  charcoal,  or  of  other  inert  powders,  to 
tanhly  clotting  blood,  will  by  influcDcc  of  surface,  hasten  clotting.  Cou- 
T«trvrly.  blood  brought  into  coutact  with  pure  oil  does  not  clot  so  rapidly  as 
rvbcn  in  ronlact  with  glass  or  metal ;  aud  blood  will  continue  to  flow  for  a 
'loogrr  time  without  clotting  through  n  tube  smeared  in.'^ide  with  oil  than 
through  a  tube  not  so  smeared.  The  influence  of  the  oil  in  such  cases  is  a 
phyncal  not  a  chemical  one ;  any  pure  ueutral  inert  oil  will  do.  \a  far  as 
wc  know  these  influences  affect  only  the  rapidity  with  which  the  clotting 
Cak«8  place — that  is,  the  rapidity  with  which  the  fibrin  makes  its  appear- 
ance, not  the  amount  of  clot,  not  the  quantity  of  fibrin  formed^  tnough 
,wkai  ctiotting  is  very  much  retarded  by  cold  changes  may  ensue  whereby 

■  snoant  of  clotting  which  eventually  takes  place  ia  indirectly  affected. 

Mara  exposure  to  air  exerts  apparently  little  influeace  on  the  process  of 

ig.      Blwid    coUecte<l    direct  from  a  bltmdveasel  over  mercury  so  as 

wholly  to  exclude  the  air,  clots,  in  a  general  way,  as  readily  as  blooJ  fireely 

expajted  t«i  the  air     It  is  only  when  blood  is  much  laden  with  carbonic  acid, 

the  preeenoe  of  which  is  antagonistic  to  clotting,  that  exclusion  of  air,  by 

'liintfflering  the  escape  of  the  excess  of  carbonic  acid,  delays  clotting. 

These  facts  teach  us  that  fibrin  does  not,  as  was  once  thought,  ujake  its 
■|ip#araooe  iu^^^jood^because  the  blood  when  shed  ceases  to  share  in  the 
aioreflwoi  ^4|^^^^^|BB*  ^^  because  the  blood  is  cooled  on  leaving  the 
warm  body,f^^^^^^^^Hpod  is  then  more  freely  exposed  to  the  air ;  they 
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further  suggest  the  view  that  the  fibrin  is  the  result  ufsome  chemical  chan 
the  conversion  into  tibrin  of  somethiu)^  which  is  not  fibrin,  the  change  lilce 
other  chemical  changes  being  most  active  at  an  optimum  temperature,  and 
like  BO  many  nther  chemical  changes,  being  aasigted  by  the  influences  exerted 
by  the  presence  of  inert  bodies. 

And  we  have  direct  experimental  evidence  that  plasma  doee  contain  an 
antecedent  of  librin  which,  by  chemical  change,  is  converted  into  fibrin. 

§  19.  If  blood  be  received  direct  from  the  bloodvessels  into  one-third  its 
bulk  of  a  saturated  solution  of  some  neutral  salt  such  as  magnesium  sulphate, 
and  the  two  gently  but  thoroughly  mixed,  clotting,  especially  at  a  moder- 
ately low  temperature,  will  be  deferred  for  a  verv  long  time.  If  the  mixture 
be  allowed  to  stand,  the  corpuscles  will  sink,  and  a  colorless  plasma  will  be 
obtained  similar  to  the  plasma  gained  from  horse's  blood  by  cold,  except  that 
it  contains  an  excess  of  the  neutral  salt.  The  presence  of  the  neutral  salt 
has  acted  in  the  same  direction  as  cold  ;  it  has  prevented  the  occurrence  of 
clotting.  It  has  not  destroyed  the  fibrin  ;  for  if  some  of  the  plasma  be  diluted 
with  from  five  to  ten  times  its  bulk  of  water,  it  will  clot  speedily  in  quite  a 
normal  fashion,  with  the  production  of  quite  normal  fibrin. 


I 


The  8e[niration  of  the  fluid  plasma  from  the  corpuscle*  and  from  other  bodii 
heavier  than  the  plasma  in  niiicn  facilitated  by  the  use  of  the  centrifugal  inaclnne. 
Thit*  consists  essentially  of  a  tirelais  wheel  with  several  sjiokes,  placed  in  a  hori- 
zontal position  and  made  to  revolve  with  great  velocity  (1000  revolutions  per 
minute  for  iustance)  around  its  axia.  Tubes  of  metal  or  very  stroug  glass  are 
sUHpeuded  at  the  ends  of  the  spokes  by  carefully  adjusted  joints.  As  toe  wheel 
rotates  with  increasing  velocity,  each  tube  grKdually  atwunies  a  horizons]  posi- 
tion, bottom  outward,  without  spilling  any  o?  ita  contents.  As  the  rapid  rotation 
continues  the  corpusclea  and  heavier  particles  are  driven  to  the  bottom  of  ihe 
tube,  and  if  a  very  rapid  movemeiit  be  continued  for  a  long  time  will  form  a  com- 
pact cake  at  the  bottom  of  the  tube.  When  the  rotation  is  9toppe<l  the  tubes 
gradually  return  to  their  upright  position  &ca\n  without  anything  being  spilt,  an^ 
the  clear  plasma  in  each  tube  can  then  be  decanted  otf'.  | 

If  some  of  the  colorless  transparent  plasma,  obtained  either  by  the  action 
of  neutral  salts  from  any  blood,  or  by  the  help  of  cold  from  horse's  blood,  be 
treated  with  some  solid  neutral  salt, such  as  sodium  chloride,  to  saturation,  a 
white  flaky,  somewhat  sticky  precipitate  will  make  its  appearance.  If  this 
precipitate  be  removed,  the  fluid  no  longer  possesses  the  power  of  clotting 
(or  very  slightly  soj,  even  though  the  neutral  salt  present  be  removed  by 
dialysis,  or  its  influence  lessened  by  dilution.  With  the  removal  of  the  sub- 
stance precipitated,  the  plasma  has  lost  its  power  of  clotting. 

If  the  precipitate  itself,  afler  being  washed  with  a  saturated  solution  of 
the  neutral  salt  {'in  which  it  is  insoluble)  so  as  to  get  rid  of  all  serum  and 
other  constituents  of  the  j)Iasma,  be  treated  with  a  small  quantity  of  water, 
it  readily  dissolves,'  and  the  solution  rapidly  filtered  gives  a  clear,  colorleae 
filtrate,  which  is  at  first  perfectly  fluid.  Boon,  however,  the  fluidity  givee 
way  to  viscidity,  and  this  in  turn  to  a  jelly  condition,  and  finally  the  jelly 
shrinks  into  a  clot  floating  in  a  clear  fluid  ;  in  other  words,  the  filtrate  clota 
like  plasma.  Thus  there  is  present  in  cooled  plasma,  and  in  plasma  kept 
from  clotting  by  the  presence  of  neutral  salts,  a  something  precipitable  by 
saturation  with  neutral  salta — a  something  which,  since  it  is  soluble  in  very 
dilute  saline  solutions,  cannot  be  fibrin  itself,  but  which  in  solution  sfieedily 
gives  rise  to  the  appearance  of  fibrin.  To  this  substiince  its  discoTerer, 
Denis,  gave  the  name  oi' plasmine. 

1  The  mil  t  la  not  wluble  iu  distilled  water,  but  a  i]UiiDtUy  of  thu  neutnl  MlUHUwaTs 
oUOKk  to  II'  iDd  thus  the  uddlUoii  of  water  virtually  slvofi  rlw  to  dllutu  9AllneH>luDlon. 
In  WDlcb  U)  u  rettdily  mluble.  
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MtbBtancc  thus  precipitated  ia  Dot  however  a  eiagle  body,  but  a  mix- 
tore  of  at  least  two  bodies.  If  sodium  chloride  be  carefully  added  to  plasma 
^•o  an  extent  of  about  I'l  per  cent,  a  white  Oaky  viacid  precipitate  \s  throwu 
very  much  like  plnsmine.  If  afler  the  removal  of  the  rirst  precipitate 
•odium  chloride.  au<I  especially  if  magneaium  sulphate  be  added,  a 
'toeood  precipitate  u  thrown  down,  les^  viscid  and  more  granular  than  the 
fint. 

Tbe  second  precipitate  when  examined  ie  found  to  be  identical  with  the 
i^lobulin,  coagulating  at  7o^  C,  which  we  have  already  aeen  to  be  a 
"^noiKituvut  of  aerum. 

The  firet  precipitate  ia  also  a  proteid  beluugiug  to  the  globulin  group,  but 
dillen  from  paraglobuHn,  not  only  in  being  more  readily  precipitated  by 
MxHum  chloride,  and  in  being  when  precipitated  more  viacid,  but  also  in 
other  renpcctfi,  and  especially  in  being  coagulated  at  a  far  lower  temperature 
that)  paraglobulio,  viz.,  at  56*^  C.  Now,  while  isolated  paragtobulin  cannot 
by  aay  means  known  to  us  be  converted  into  fibrin,  and  as  its  presence  in 
> toe  so-called  plaamine  di>es  not  aeem  to  be  e^i^ential  to  the  formation  of 
£briD  QQt  of  plasmine,  the  presence  in  plasmine  of  the  boily  coagulating  at 
1^0°  C  doesseeon  esflential  to  the  conversion  of  pla.smine  into  fibrin,  and  we 
IT9  ramoD  for  thinking  that  it  is  itself  converted,  in  part  at  least,  into 
[brio.  Hence  it  has  received  the  name  of  fibrinogen. 
5  80.  The  reasons  for  this  view  are  as  follows : 

Besides  blood  which  clots  naturally  when  shed,  there  are  certain  fluids  iu 
the  body  which  do  not  clot  naturally,  either  in  the  body  or  when  shed,  but 
which  by  certain  artificial  means  may  be  made  to  clot,  and  in  clotting  to 
yield  quite  normal  fibrin. 

Thus  the  so-called  serous  fluid  taken  some  hours  afler  death  '  from  the 
pericardial,  pleural,  or  peritoneal  cavities,  the  fluid  found  in  the  enlarged 
•erout  sac  of  the  testis,  known  as  hydrocele  fluid,  and  other  similar  fluids, 
will  in  the  majority  of  ca^ea,  wlien  obtained  free  from  blood  or  other  admix- 
, tarts,  remain  tluia  almoet  indefinitely,  showing  no  disposition  whatever  to 
Yet,  in  most  cases  at  all  events,  these  fluids,  when  a  little  blood,  or  a 
ipiece  of  blood  clot,  or  a  little  serum  is  added  to  them,  will  clot  rapidly  and 
'Brmly/  giving  rise  to  an  unmistakable  clot  of  normal  flbrin.  differing  only 
»D  the  clot  of  blootl  in  that,  when  serum  is  used,  it  is  colorless,  being  free 

red  corpuscles. 

Now  blwKl  'or  bioixl  clot,  or  serum)  contains  many  things,  to  any  one  of 
which  the  clotting  power  thus  seen  might  be  attributed.  But  it  is  found 
that  in  many  cases  clotting  may  be  induced  in  the  fluids  of  which  we  are 
flpeakiog  by  the  mere  addition,  and  that  even  iu  exceedingly  gmall  quantity, 
iW  a  wbstanoe  which  can  be  extracted  from  blood,  or  from  serum,  or  from 
Iblood  dot,  or  even  from  washed  fibrin,  or  indeed  from  other  sources,  a  sub- 
'huee  exact  nature  is  uncertain,  it  being  doubtful  whether  it  is  a 
proCcid  at  all,  and  who^  action  is  peculiar. 

If  sarum,  or  whip[>ed  blood  or  a  broken-up  clot  be  mixe<l  with  a  large 
.i|itaatitr  of  alcohol  and  allowed  to  stand  some  days,  the  proteida  present  are 
>u»  time  •«)  changed  by  the  alcohol  as  to  become  iuaolubie  iu  water.  Hence 
if  the  ciipioua  prtH'ipitate  cause<l  by  the  alcohol,  after  long  standing,  besepa* 
T9tr^*.  Kr  fdlration  from  the  alcohol,  dried  at  a  low  temperature,  not  exceed- 
•  \,  aud  extracted  with  rlistilled  water,  tlie  aqueous  extract  contains 
ifc  prnteid  matier,  indeed  very  little  organic  matter  at  all.     Never- 


*  Tf  tt  tie  miiorccl  tTni)K>.linttfl]r  After  <le«th  It  geuenUly  clot*  tcAdlly  and  flrmly,  giving  ■  colorlai 
■   .\  bile  <.N>rpUM*lt9i. 
v«r,  u  Kfujtiuneotis  ofwguljiUoD.  genemllT  sllgbl,  bui  kn  exoepUuual 
-1, 
la  «  tvsr  isjd  du  cjayuhitlon  c«n  thit*  U*  iudtiMd. 
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tbeless,  even  a  stuall  cjuautily  of  this  aqueous  extract  added  alone  to  certain 
epecimene  of  hydrocele  fluid  or  other  of  the  fluids  spoken  of  above,  will  bring 
about  a  speedy  cliHliug.  The  saiue  aqiietius  extract  has  also  a  remarkable 
effect  in  hastening  the  clotting  of  flitids  which,  though  they  will  eventually 
clot,  do  90  very  slowly.  Thus  plasma  may,  by  the  careful  additi<»o  of  a  cer- 
tain quantity  of  neutral  .-alt  and  water,  be  reduced  to  such  a  condition  that 
it  clots  very  slowly  indeed,  taking  perhaps  days  to  complete  the  process.  The 
addition  of  a  small  quantity  of  the  aqueous  extract  we  are  describing  will, 
however,  bring  about  a  clotting  which  is  at  once  rapid  and  complete. 

The  active  substance,  whatever  it  be,  in  this  aqueous  extract  exists  in 
snmll  quantity  only,  and  it^  clotting  virtues  are  at  once  and  forever  lost 
when  ilie  soluLiou  is  boiled.  Further,  there  is  no  reason  to  think  that  the 
active  substance  actually  enters  into  the  formation  of  the  fibrin  to  which  it 
gives  rise.  It  appears  to  belong  to  a  class  af  bodies  playing  an  important 
part  in  jihysiological  processes,  and  called /cnjie/jf*,  of  which  we  shall  have 
more  to  say  hereafter.  We  may,  therefore,  speak  of  it  as  the  fibrtn/ermeut^^ 
the  name  given  to  it  by  its  discoverer,  Alexander  Schmidt- 

This  Hbrin  ferment  is  present  in  and  may  be  extracted  from  clotted  oi 
whipped  bloi>d,  and  from  both  the  cJot'  and  the  scrum  of  clotted  bloixl ;  an< 
since  in  most,  if  not  all,  cases  where  blood  or  blood  clot  or  serum  produci 
clotting  iu  hydrocele  or  pericardial  flui*!^  an  exactly  similar  clotting  may 
induced  by  the  mere  addition  «f  fibrin  ferment,  we  seem  justifled  in  coi 
eluding  that  the  clotting  virtuen  of  the  former  are  due  to  the  ferment  whici 
they  contain. 

Now,  when  fibrinogen  is  precipitated  from  plasma,  as  above  described,  b] 
sodium  chloride,  rediiisolved,  and  reprecipitated,  more  than  once,  it  may  be' 
obtained  In  solution,  by  help  of  a  dilute  neutral  saline  solution,  in  an  ap- 
proximately pure  condition,  at  all  events  free  fruiii  other  proleids.  Such  a 
solution  will  not  clot  spontaneously ;  it  may  remain  fluid  indefinitely;  and 
yet  on  the  addition  of  a  little  fibrin  ferment  it  will  clot  readily  and  firmly, 
yielding  quite  normal  fibrin. 

This  body  fibrinogen  is  also  present  and  may  be  separated  out  from  the 
Bpecimena  of  hydrocele,  pericardial,  and  other  fluids  which  clot  on  the 
addition  of  fibrin  ferment,  and  when  the  fibrinogen  has  been  wholly  removed 
from  these  fluids  they  refuse  to  clot  on  the  addition  of  fibrin  ferment.  ■ 

ParaglohuIin,on  the  other  hand,  whether  prepared  from  plasmine  bysep«ifl 
ration  of  the  fibrinogen,  or  from  serum,  or  from  other  fluids  in  which  it  ig^ 
found,  cannot  be  converted  by  lihriii  ferment,  or  indeed  by  any  other  means 
into  fibrin.     And  fibrinogen  isidated,  as  described   above,  or  serous  fluids 
which  contain  fibrinogen,  can  be  made,  l*y  meant!  of  fibrin  ferment,  to  yield 
quite  normal  fibrin  in  the  complete  absence  of  paniglobulin.     A  solution  ofl 
paraglobulin  obtained  from  &erum  or  blood  clot  will,  it  is  true,  clot  pericaH| 
dial    or   hydrocele    fluids   containing   fibrinogen,   or   indeed  a  solution  of 
fibrinogen,  but  this  is  apparently  due  to  the  fact  that  the  paraglobulin  has 
in  these  cases  sonje  fibrin  ferment  mixed  with  it ;  it  is  also  possible  that-, 
under  certairt  conditions,  the  presence  of  paraghjhulin  may  be  favorable  to 
the  action  of  the  ferment. 

When  the  so-called  plasmine  is  precipitated, as  directed  iu  1;  19,  fibrin  fer- 
ment is  carried  down  with  the  fibrinogen  and  paraglobulin,  and  when  the 
plaamiue  is  re-dissolved  the  ferment  is  present  in  the  solution  and  ready  tu 
act  on  the  fibrinogen.  Hence  the  re-dissolved  plasmine  clots  spontaneously. 
When  fibrinogen  is  isolated  from  plasma  by  repeated  precipitation  and  solu- 


'  A  power^lI  Roltilinn  of  ftbrlti  ferniuut  may  Ijc  reR-ltly  inviiarol  by  simply  exmcUiig  n  wubrd 
blooU  t'lol  wiih  fi  I'l  i>pr  cent,  •ohillnn  «if  wridiuni  cliloriae. 


•  •  •  •  • 
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lion,  the  ferment  is  washed  away  t'roni  it,  and  the  pure  ferment-free  fibrin- 
«gQD.  ultimateiy  obtained,  does  not  dot  spontaneously. 

60  far  it  eeems  clear  that  there  does  exist  a  proteid  budy.  Hbrinogeu,  which 
umy  by  the  action  of  tibrin  ferment  be  directly,  without  the  intervention  of 
other  proleiHs,  c*>nverted  into  the  less  soluble  iibrin.  Our  knowledge  of  the 
eonatitutiou  uf  proteid  bodies  is  ton  imperfect  10  enable  uh  to  make  any  very 
definite  dlatemeut  as  ttt  the  exact  nature  of  the  change  thus  effected  ;  but  we 
auty  Biiy  this  much.  Fibrinogen  and  fibrin  have  about  the  same  elementary 
COiup<>aition.  fibrin  containing  a  trifle  more  nitrogen.  When  rtbrinogen  ia 
ooQverted  into  tibrin  by  means  of  tibrin  ferment,  the  weight  of  the  fibrin 
prvxlm%<i  ia  always  leas  than  that  of  the  fibrinogen  which  is  consumed,  and 
there  is  always  produced  at  the  same  time  a  certain  quantity  of  another  pro- 
teid, l>elongiug  to  the  globulin  family.  There  are  reasonSr  however,  why  we 
cannot  8|»e«k  of  the  ferment,  as  splitting  up  fibrinogen  into  tibrin  and  a  glo- 
bulin ;  it  teems  more  probable  that  the  ferment  converts  the  tibrinogen  Hrst 
ioiu  a  bodv  which  we  might  call  f^olubU  fibrin,  and  then  turns  this  body  into 
veritable  hbrln  ;  but  further  inquiries  on  the  subject  are  needed. 

It  may  be  added  that  among  the  conditions  necessary  for  the  due  action 
of  fibrin  ferment  on  fibrinogen,  the  presence  of  a  certain  quantity  of  some 
neutral  salt  seems  to  be  one.  In  the  total  absence  of  all  neutral  salts  the 
ferment  cannot  convert  the  fibrinogen  into  fibrin.  There  are  some  reai*ons 
aWi  for  thinking  that  the  presence  of  a  lime  salt,  such  as  calcium  sulphate, 
thotigh  it  may  be  in  minute  quantity  only,  is  essential. 

§21.  We  may  conclude,  then,  that  the  plasma  of  blood  when  shed,  or,  at 
all  eveota,  soon  after  it  has  been  shed,  contains  fibrinogen ;  and  it  also  seems 
proliflhle  that  the  clotting  comes  about  because  the  fibrinogen  is  converted 
into  fibrin  by  the  action  of  iibrin  ferment ;  but  we  are  still  far  from  a  deBnite 
answer  to  the  question,  why  blood  remains  fiuid  in  the  body  and  yet  clota 
when  fthed  ? 

We  have  already  said  that  blood,  or  blood  plasma,  brought  up  to  a  tem- 
perature of  56°  C.  as  soon  as  possible  afler  its  removal  from  the  living  blood- 
veMela.  gives  a  proteid  precipitate  and  loses  ita  power  of  clotting.  This  may 
te  taken  to  show  that  blood,  as  it  circulates  in  the  living  bloodvessels,  con- 
tains fibrinogen  as  such,  and  that  when  the  blood  is  heated  to  56^  C,  which 
n  the  coa;;uiatiug  point  of  fibrinogen,  the  fibrinogen  present  is  coagulated 
and  precipitated,  and  consequently  uo  fibrin  can  be  formed. 

Further,  while  clotted  bloinl  undoubtedly  contains  an  abundance  of  fibrin 
fensvDt,  no  ferment,  or  a  minimal  quantity  only,  is  present  in  blood  as  it 
leave*  the  bloodveeaels  If  the  blood  be  received  directly  from  the  blood- 
11  r  fill  into  alcohol,  the  aqueous  extract  prepared,  as  directed  above,  con- 
tain* no  ferment,  or  merely  a  truce.  Apparently  the  ferment  makes  its 
appearance  in  the  bloud  as  the  result  of  changes  taking  place  in  the  blood 
mfifT  it  has  been  shed. 

We  might  from  this  be  inclined  to  conclude  that  blood  clots  when  shed, 
hni  not  before,  because,  fibrinogen  being  always  present,  the  shedding  brings 
ab«3Ut  changes  which  pnxluce  fibrin  ferment,  not  previously  existing,  and 
this  aetioi;  on  the  fibrinogen  gives  rise  to  fibrin.  But  we  meet  with  the  fol- 
Utv.  ulty  :     A  very  considerable  quantity  of  very  active  ferment  may 

be  iito  the  blood-current  of  a  living  animal  without  necessarily  pro- 

doaiig  any  clotting  at  all.  Obviously  either  blood  within  the  bloodvessels 
doea  not  contain  fibrinogen  as  such,  and  the  fibrinogen  detecte<]  by  heating 
the  WixkI  to  5<i*^  C  is  the  result  of  changes  which  have  already  ensued  before 
that  lem|>erftlure  is  reacheii :  or  in  the  living  circulation  there  are  agenciea 
at  work  which  prevent  any  ferment  which  may  be  introduced  into  the  circu- 
lation from  pnxlucing  its  usual  effects  on  fibrinogen  ;  or  there  are  agencies 
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at  work  which  destroy,  or  do  away  with  the  fibrin,  little  by  little,  a*i 
formed. 

«i  22.  And  indeed  when  we  reflect  how  complex  blood  is,  and  the  many 
and  great  chaDges  it  is  susceptible^  we  shall  not  wouder  that  the  question  we 
are  putliug  cauuot  be  auswered  nff  haud. 

The  corpuscles  with  which  b]oo4t  ig  crowded  are  living  structures,  and 
cousequently  are  couiinualty  acting  up<in  aud  beiug  acted  upon  by  the 
plasma.  The  red  corpuscles  it  U  true  are,  as  we  shall  see,  peculiar  bodies, 
with  a  restricted  life  and  a  very  specialized  work,  and  possibly  their  influ* 
ence  on  the  plasma  is  not  very  great ;  but  we  have  reason  to  think  that  tbe^ 
relations  between  the  white  corpuscles  and  the  plasma  are  close  and  im-^ 
portant.  ™ 

Then  again  the  blood  ia  not  only  acting  upon  and  being  acted  upon  by 
the  several  ti^ssues  as  \l6  flows  through  the  various  capillaries,  but  along  the 
whole  of  its  course,  througli  tlie  lieart,  arteries,  capillaries,  and  veins,  is  act- 
ing upon  and  being  acted  upon  by  the  vascular  walls,  which  like  the  rest  of 
the  body  are  alive,  and  being  alive  are  continually  undergoing  and  promot- 
ing change. 

Thnt  relations  of  some  kind,  having  a  direct  influeuce  on  the  clotttag  of 
blood,  do  exist  between  the  blood  and  the  vascular  walls  in  shown  by  tb^l 
following  fads  :  V 

After  death,  when  all  motion  of  the  blood  has  ceased,  the  blood  remains 
for  a  long  lime  fluid.  It  is  not  unlit  some  time  afterward,  at  an  epoch 
when  post-iiiorteni  changes  in  the  blond  and  in  the  bloodvessels  have  had 
time  to  develop  themselves^  that  clotting  begins.  Thus  some  hours  afler 
death  the  blood  in  the  great  veins  may  be  found  still  perfectly  fluid.  Yet 
such  bloo<l  hits  not  lost  its  power  of  clotting  ;  it  still  clots  when  removed 
from  (he  body,  and  clots  too  when  received  over  mercury  without  exposure 
to  air,  showing  that,  though  the  blood,  being  highly  venous,  is  rich  in  car- 
bonic acid  and  contains  liille  or  no  oxygen,  its  tluitiity  Is  not  due  to  any 
exce8.s  of  carbonic  acid  or  absence  of  oxygen.  Eventually  it  does  clot  even 
within  the  vessels,  hut  perhajijn  never  so  firmly  and  ciimpletely  as  when 
shed.  It  clots  first  in  the  larger  vessels,  but  rcnjains  fluid  in  the  smaller  ves- 
sels for  a  very  long  time,  for  many  hours  in  fact,  since  in  these  the  same  bulk 
of  blood  ia  exposed  to  the  influence  of.  and  reciprocally  exerts  an  influence 
on,  a  larger  surface  of  the  va.sciilar  walls  than  in  the  larger  vessels.  And 
if  it  be  urge<l  that  the  result  is  here  due  to  influences  exerted  by  the  body 
at  large,  by  the  tissues  as  well  as  by  the  vascular  walls,  this  objection  will 
not  hold  good  against  the  following  experiment.  ■ 

If  the  jugular  vein  of  a  large  animal,  such  as  uu  ox  or  horse,  becarefulljr' 
ligatured  when  full  of  blood,  and  the  ligatured  portion  excised,  the  blood 
iu  many  cases  remains  perfectly  fluid,  along  the  greater  part  of  the  length 
of  the  piece,  for  twenty-fi>ur  or  even  forty-eight  hours.  The  piece  so  liga- 
tured may  be  suspended  in  a  framework  and  opened  at  the  top  so  as  to  imi- 
tate a  living  test-tube,  and  yet  the  l)lood  will  often  remain  long  fluid,  though 
a  portion  removed  at  any  time  into  a  glass  or  other  vessel  will  clot  in  a  few 
minutes.  If  two  such  living  test-tubes  be  j)reparedj  the  blaod  may  be  poured 
from  one  to  the  other  without  clotting  taking  place, 

A  similar  relation  of  the  fluid  to  its  containing  living  wall  is  seen  in  the 
case  of  those  serous  fluids  which  clot  s|>ontauously.  If,  as  soon  afler  death 
as  the  body  is  cold  and  the  fal  is  solidified,  the  pericardium  be  carefully  re- 
moved fromasheep  by  an  incision  round  the  base  of  the  heart,  the  pericardial 
fluid  (which,  as  we  have  already  seen,  during  life,  and  some  little  time  after, 
death,  possesses  the  power  of  clotting)  may  be  kept  in  the  pericardial  bag 
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IB  ft  tiving  cup  fop  many  hours  without  clotting,  aud  yet  a  Bmall  portion  re- 
moved with  a  pipette  clots  at  once. 

Thii  relation  between  the  bloo<i  and  the  vascular  wall  may  be  disturbed 
or  overridden  ;  clotting  may  take  place  or  may  be  induced  within  the  living 
bloodT«aaet.  "When  the  lining  menibraue  is  injured,  as  when  an  artery  or 
Tcin  U  sharply  ligatured,  or  when  it  is  diseased,  as  for  instance  in  aneurism, 
ft  clot  is  ftpt  to  be  formeil  at  the  injured  or  diseased  spot;  and  in  certain 
mnrbid  conditions  of  the  bmiy  clots  are  formed  in  various  vascular  tracts. 
Abvence  of  [notion,  which  in  shed  blood  as  we  have  seen,  is  unfavorable  to 
clotting,  is  apt  within  the  body  to  lead  to  clotting.  Thus,  when  an  artery 
w  ligfttured,  the  hlf>od  in  the  tract  of  the  artery  on  the  cardiac  side  of  the 
ligftture,  between  the  ligature  and  tbe  branch  last  given  ofi'  by  the  artery, 
eMMiag  to  share  in  the  circulation,  remains  motionless  or  nearly  so,  aud 
along  this  tract  a  clot  forms,  firmest  next  to  the  ligature  and  ending  near 
wh*»re  the  branch  is  given  off;  this  perhaps  may  be  explained  by  the  fact 
that  the  walls  of  the  tract  suftor  in  their  nutrition  by  the  stagnation  of  the 
blooihaud  that  con!ie<}uently  the  normal  relation  between  them  and  the  con- 
tftincd  blixrd  is  disiurlx^d. 

That  the  b]<x)d  within  the  living  bloodvessels,  though  not  actually  clotting 
nnder  normal  circumstances,  may  easily  be  made  to  clot,  that  the  blood  is, 
in  fttct,  BO  to  speak,  always  on  the  point  of  clotting,  is  shown  by  the  fact 
tikftt  ft  foreign  body,  such  as  a  needle  thrust  into  the  interior  of  a  bloodvessel 
or  a  thread  drawn  through  and  left  in  a  bloodvessel,  is  apt  to  become  cov- 
ered with  fibrin.  Some  influence  exerted  by  the  needle  or  thread,  whatever 
mftv  bt*  the  character  of  that  influence,  is  sufficient  to  determine  a  clotting, 
which,  olherwise,  would  not  have  taken  place. 

The  aame  instability  of  the  bloo<l,  as  regards  clotting,  is  strikingly  shown, 
ta  iho  CftM  of  the  rabbit  at  least,  by  the  result  of  injecting  inlo  the  bloo<i- 
vanels  ft  small  quantity  of  a  solution  of  a  peculiar  proteid,  prepared  from 
certain  structures  such  as  the  thymus  body.  Massive  clotting  of  the  blood 
in  ahnoAt  all  the  bloodveeaels,  smalt  and  large,  takes  place  with  great 
rmpidity,  leading  to  the  sudden  death  of  the  animal.  lu  contrast  to  this 
cAki  may  be  mentioned  the  result  of  injecting  into  the  bloodvessels  of  a  dog 
ft  quftotity  of  a  solution  of  a  body  called  albumose,  of  which  we  shall 
berciftfter  have  to  treat  as  a  product  of  the  digestion  of  proteid  substances, 
Co  Uve  extent  of  0.3  gramme  per  kilo  of  body  weight.  So  far  from  produc- 
ing clotting,  the  injected  albumose  baa  such  au  effect  on  the  blood  that  for 
aereral  hours  alYer  the  injection  shed  blood  will  refuse  to  clot  of  itself  and 
retuftin  i|uite  fluid,  though  it  can  be  made  Co  clot  by  special  treatment. 

$  23.  All  the  foregoing  facts  tend  to  show  that  the  blood  a^  it  is  flowing 
tliniagh  the  healthy  bloodvessels  is,  as  far  as  clotting  is  concerned,  in  a  state 
of  unstable  equilibrium,  which  may  at  any  moment  be  upset;  even  within 
the  bloodvcMelM.  and  which  is  up.sct  directly  the  blood  is  shed,  with  clotting 
ftft  ft  reault.  Our  present  knowleilge  does  not  [>ermit  us  to  make  an  authori- 
UUlve  statement  as  to  the  exact  nature  of  this  equilibrium.  There  are  rea- 
frm*.  however,  for  thinking  that  the  white  corpuscles  play  an  important 
part  in  the  matter.  Wherever  clotting  occurs  naturally,  white  corpuscles 
ftre  present :  and  this  is  true  not  only  of  b1oo<l  but  also  of  such  specimena 
of  pericardial  or  other  serous  fluids  as  clot  naturally.  When  horae's  blood 
is  kept  fluid  by  being  retained  within  the  jugular  vein,  as  mentioned  a  little 
while  back,  and  the  vein  is  hung  upright,  the  corpuscles,  both  red  and  white, 
link,  leaving  an  upper  layer  of  plasma  almost  free  from  corpuscles.  This 
opper  layer  will  be  found  to  have  lost  largely  its  power  of  clotting  apon- 
tftueously.  though  the  power  is  at  once  regained  if  the  white  corpuscles  from 
Um  layen  beneath  be  returned  to  it.     And  many  other  arguments,  which 
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we  cannot  enter  u|>on  here,  r 

elusion,  that  the  white  cor]>uscles  play  au  important  pai 
clotting.  But  it  would  lead  us  too  far  into  controversial  matters  to  attempt 
to  <]efine  what  that  part  is.  or  to  explain  the  exact  nature  of  the  equilibrium 
of  which  we  have  spoken,  or  to  discuifs  such  questions  as:  Whether  the  ordi- 
nary white  corpuscles,  or  corpuscles  of  a  special  kind  are  concerned  in  the 
matter?  Whether  the  corpuscles,  when  clotting  takes  place,  e.  jf.,  fibrin- 
ogen or  ferment  or  both  or  something  else,  or  whether  the  corpuscles  sim- 
ply in  some  way  or  other  assist  in  the  transformation  of  some  previously 
existing  constituent  of  the  plasma?  Whether  the  influence  exerted  by  the 
condition  of  the  vascular  wall  is  exerted  directly  on  the  plasma  or  indi- 
rectly on  the  corpuscles?  Whether,  as  some  have  thought,  the  peculiar  ■ 
bodies,  of  which  we  shall  presently  speak  under  the  name  of  blood  phtelefsM 
or  plaques,  have  any  share  iu  the  matter,  and  if  so  what?  These  ijuestiona 
are  too  involved  and  the  discui^siou  of  them  too  long  to  be  entered  upon  here. 

What  we  do  know  that  in  blood  soon  after  it  has  been  she*!,  the  body^ 
which  we  have  called  tibrino^en  is  present  as  also  the  body  which  we  havef 
called    iibrin   ferment,  that  the  latter  actiu>j  (m  the  former  will    produce 
fibrin,  and  that  the  appearance  of  fibrin  is  undoubtedly  the  cause  of  what 
ia  C4illed  clotting.     We  seem  justiiied  in  concluding  that  iheclottiug  of  shed 
blood  is  due  to  the  conversion  by  ferment  of  fibrinogen  into  fibrin.     The 
further  inference  that  clotting  within  the  body  is  the  same  thing  as  clottingfl 
outside  the  body,  and  similarly  due  to  the  transformation  of  fibrinogen  by™ 
ferment  into  fibrin,  though  probable,  is  i»ot  proved.    We  do  not  yet  know  the 
exact  nature  and  condition  of  the  blood  within  tliii  living  hkKwJvessels,  and 
until  we  know  that  we  cannot  satisfactorily  explain  why  blood  in  the  living 
bloodvessels  is  usually  fluid  but  can  at  times  clot. 

The  Corpuscles  op  the  Blood. 
The  Red  Corpunclejf. 

§  24.  The  redness  of  blood  is  due  exclusively  to  the  red  corpuscles.     The 
plasma  as  seen  in  thin  layers  within  the  living  bloodvessels  appears  colorless, 
as  does  also  a  thin  layer  of  serum  ;  but  a  thiclc  layer  of  serum  (and  probably 
of  plasma)  has  a  faint  yellowish  tinge  due,  as  we  have  said,  to  the  presencej 
of  a  small  quantity  of  a  special  pigment.  " 

The  corpuscles  appear  under  the  microscope  as  fairly  homogeneous,  im- 
perfectly translucent  biconcave  discs  with  a  diameter  of  7  to  8 ,«  and  a  thick- 
ness of  1  to  2f*.  Being  disca  they  are  circular  iu  outline  when  seen  on  the 
flat,  but  rod-sha])efl  when  seen  in  profile  as  they  are  turning  over.  [Fig.  5.] 
Being  biconcave,  with  a  thicker  rounded  rim  surrounding  a  thinner  centre, 
the  rays  of  light  in  passing  through  them,  when  they  are  examined  by 
transmitted  light,  are  mt^rc  refracted  at  the  rim  than  in  the  centre.  The 
efltH't  of  this  ia  that,  when  viewed  at  what  may  he  con.sidered  the  projier 
focus,  the  centre  of  a  corpuscle  appears  clear,  while  a  slight  opacity  marka 
out  indistinctly  the  inner  margin  of  the  thicker  rim,  whereas,  when  the  focus  A 
is  shifted  either  up  or  down,  the  centre  becomes  dark  and  the  rest  of  the  V 
corpuscle  clear.  Any  body  of  the  same  shape,  and  composed  of  substance 
of  the  same  refractive  |x)wer,  would  produce  the  same  optical  effects.  Other- 
wise the  corpuscle  appears  homogeneous,  without  distinction  of  parts  and 
without  a  nucleus.  A  single  corpuscle  seen  by  itself  has  a  very  faint  color, 
looking  yellow  rather  than  red,  but  when  several  corpuscles  lie  one  upon  th©^ 
top  of  the  other  the  mass  is  distinctly  red. 
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reA  corpuscle  is  elastic,  in  the  sense  that  it  may  be  defornierl  by 
prYftsure  or  traction,  but  when  the  pressure  or  traction  is  removed  regains  its 
preTioufl  form.     Its  shape  is  also  much  intluenced  by  the  physical  conditions 
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fc.-Uni  4N  BlociD  a5  rwr*<  OS  Tiir.  W'AitM  Staof.    (Mgyfiirii'd  nboui  VJim  iliRiuetera.) 
r»  r.  •titgUr  ml  onri»iwl««  Hevti  lyliiir  llul :  r*,  w^,  red  cofi'uhcIpk  im  tbetr  eOee  and  rlevred  In  pmllle ; 
'.ndCDrptnrlwananccrt  In  nmlcnnx  :  c,  c.  croiiAte  tv.\  (-orpiuH'lOft:  p.  ■  titiely  granulur  |Nili*cor- 
:  ^.memuwlr  ^nmulitr  pitk'  eorptuclv     Both  have  iwu  nr  three  lUKtittcl  vacuulcs,  and  were 
.»....,'   .•.)'......  ..•  •>,.■  Taomciil  of  oteervAiioa  :  iu  yu  uuoIvuft«lM>  was  vidtite. 

Tt<  l.Mst.  SixdLY  iXbCoLLEcrnuixToHuixs.    (At  seen  under  an 

I^UteplftStiia,  serum,  or  fluid  in  which  for  the  time  being  it  is.  If  the  plasma 
be  diluted  with  water,  the  diuc,  absorbing  water,  swells  up  into  a 
[Fig.  6].  becoming  a  disc  agivin  on  the  removal  of  the  dilution.  If 
im  t>e  concentrated,  the  disc,  giving  out 
WAler^  shrinkB  irrevularly  and  assumes  various 
forma ;  one  of  these  forms  is  that  of  a  number 
of  blunted  protuberances  projecting  all  over 
thm  nirfiace  of  the  corpuscle,  which  is  tlien  said 
lu  be  crenate ;  in  a  drop  of  blood  examined 
undtT  Uie  microscope,  crcnate  corpuscles  are 
oAjeo  ieen  at  the  edge  of  the  cover-slip  where 
evapoTftUoD  is  leading  to  coucentration  of  the 
plftAOUi,  or,  m  it  should  then  perhaps  rather  be 
oUted,  ftenim.  In  blood  ju^t  shed  the  red  cor- 
I  poffcin  are  apt  to  adhere  to  each  other  by  their 
^iAt  iturfa<?es.  much  more  than  to  the  glass  or 
otbrr  surface  with  which  the  blood  is  in  contact,  and  heuce  arrange  ihem- 
•rlv«t  in  rolls.  This  tendeucy,  however,  to  form  rolls  very  soon  diminishes 
alii^  the  bl^Nnl  is  shed. 

Though  a  aingle  corpuscle  is  somewhat  translucent,  a  comparatively  thin 
Urcr  nfblodd  is  opaque;  type,  for  instance,  cannot  be  read  through  even  a 
iajer  of  blorMl. 

"       a  ipmntity  of  whipped  blood  (or  blomi  otherwise  deprived  of  fibrin) 
and  thawed  several  times  it  changes  color,  becoming  of  a  darker 
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hue.  aod  is  tben  found  to  be  much  more  transparent.  80  that  type  can  now 
be  eaaily  rend  through  a  moderRtply  thin  layer.  It  is  theo  spoken  nf  aa 
laki/  blood.  The  ?aiiie  change  may  be  effected  by  shaking  the  blood  with 
ether,  or  by  adding  a  pmall  quantity  of  bile  salts,  and  in  other  ways.  Upon 
examination  of  laky  blood  it  is  found  that  the  red  corpuscles  are  "broken 
up"  or  at  leaHt  altered,  and  thai  the  redness  which  previously  was  confined 
to  ihera  18  now  diffosed  through  the  serura.  Normai  blood  is  opaque  because 
each  corpuscle,  while  periuittiug  some  rays  of  light  (chielly  red)  to  pass 
through,  redecla  many  others,  and  the  brightness  of  the  hue  of  normal  blood 
is  due  to  this  reflection  f>f  light  from  the  surfaces  of  the  several  corpuscles. 
Laky  blood  is  transparent  because  there  are  no  longer  intact  corpuscles  to 
present  surface-s  for  the  reflection  of  light,  and  the  darker  hue  of  laky  blood 
is  similarly  due  to  the  absence  of  reflection  from  the  several  corpuscles. 

When  laky  bloiMl  is  allowed  to  stand  a  «iediment  is  formed  <and  may  be 
separated  by  the  centrifugal  machine)  which  on  examioation  is  found  to 
consist  of  discs,  or  fragments  of  discf.  vt'  a  colorless  substance  exhibiting 
under  high  powers  an  obscurely  spongy  or  reticular  structure.  These  color- 
less, thin  discs  seen  flat-wise  often  appear  as  mere  rings.  The  substance 
composing  them  stains  with  various  reagents  and  may  thus  be  made  more 
evident. 

The  re<l  corpuscle,  then,  consists  obviously  of  a  colorless  framework,  with 
which  in  normal  conditions  a  red  coloring  matter  is  associated  ;  but  by 
various  means  the  coloring  matter  may  be  driven  from  the  framework  and 
dissolved  in  the  serum. 

The  framework  is  spoken  of  as  stroma;  it  is  a  modified  or  diflerentiated 
protoplasm,  and  upon  chemical  analysis  yields  |fro(eid  Huhst;iuces.  some  of 
them  at  least  belonging  to  the  globulin  group,  and  other  matters,  among 
which  is  a  |)ecuiiar  complex  fat  called  leciihhty  of  which  we  shall  have  to  speak 
in  treating  of  nervone  tissue.  In  the  nucleated  r^*d  corpuscles  of  the  lower 
vertebrata  this  diiferentiated  slrorua.  though  forming  the  chief  part  of  the 
cell-body  around  the  nucleus,  is  accompanied  by  a  variable  amount  of  undif- 
ferentiated protoplasm,  but  the  latter  in  the  mammalian  red  corpuscle  is 
either  absent  altogether  or  reduced  to  a  minimum.  Whether  any  part  of 
this  stroma  is  living,  in  the  sense  of  being  capable  of  carrying  on  a  continual 
double  chemical  change,  of  continually  building  itself  up  as  it  breaks  duwu, 
is  a  question  too  difficult  to  be  discussed  here. 

The  red  coloring  matter  which  in  normal  conditions  is  a^oclated  with  this 
stroma  may  by  ap]>ni[>riate  meaur*  be  JHulateil,  and,  iu  the  case  of  the  blimd 
of  many  animal?,  (ihlained  in  a  cryslalline  form.  It  is  called  Afcmo<?/oAt'ii, 
and  may  by  proper  methods  be  split  up  intu  a  proteid  belonging  to  the 
globulin  group,  and  into  ii  colored  pigment,  containing  iron,  called  htrmttlin. 
H:emoglobin  i?,  therefore,  a  very  complex  bo<ly.  It  is  found  to  have  remark- 
able relations  to  oxygen,  and  indeed,  as  we  :^hall  iiiee,  the  red  corpuscles  by 
virtue  of  their  hjomoglobin  have  a  special  work  iu  respiration  ;  they  carry 
oxygen  from  the  lungs  to  the  several  tissues.  We  shall  therefore  defer  the 
further  study  of  htemctglobin  until  we  have  to  deal  with  rospirntion. 

The  re<l  corpuscle,  then,  consists  of  a  disc  of  colorless  stroma  with  which 
is  associated  in  a  peculiar  way  the  cottiplex  colored  body  hiemaglobin. 
Though  the  hmmoglobin,  as  is  seen  in  laky  hloo<l,  is  readily  soluble  in  serum 
(and  it  is  also  soluble  in  plasma),  iu  the  iutact  uoruml  blood  it  remains  con- 
fined to  the  corpuscle  ;  obviously  there  is  some  special  connection  between 
the  stroma  and  the  haemoglobin  ;  it  is  not  until  the  stroma  is  altered,  we  mav 
perhaps  say  killed  (ashy  repeated  freezing  and  thawing),  that  it  loses  its  holli 
on  the  haemoglobin,  which  thus  set  free  passes  into  8i)lution  in  the  serura. 
The  disc  of  stroma  when  separated  from  the  haemoglobin  has,  as  we  have  just 
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an  obscurely  &p*>ngT  texture  :  but  we  do  not  know  accurately  the  exact. 
Ck>udiljun  of  the  stroma  iu  the  intact  corpuscle  or  how  it  hohh  the  hicmo- 
eloKiu.  There  is  certainly  no  tieBnite  membrane  or  envelope  to  the  corpuscle, 
J»»r  by  exposing  blooii  to  a  high  temperature.  00°  C,  the  corpuscle  will  break 
up  into  more  or  less  spherical  pieces,  each  Btill  consisting  of  stroma  and  hmmo- 
glttbiD. 

The  (juautiiy  of  stroma  necessary  to  hold  a  v|uanlity  of  hiemoglobin  is 
excef*<ling!y  small.  Of  the  total  solid  matter  of  a  corpuscle  more  than  90 
per  cent,  is  haemoglobin.  A  red  corpuscle  iu  fact  is  a  quantity  of  hsemoglobin 
held  U)geiber  in  the  form  of  a  disc  by  a  minimal  amount  of  stroma.  Hence 
what<»ver  effect  the  stroma  per  se  may  have  upon  the  plasma,  this,  in  the 
of  mammals  at  all  events,  must  \)e  insigniticaDt ;  tho  red  corpuscle  ia 
.J>nu:tica!!y  simply  a  carrier  of  haemoglobin. 

$  25.  The  average  number  of  red  corpuscles  in  human  blood  may  be 
probably  put  down  at  about  5  millions  in  a  cubic  millini^Lre  (the  range  in 
•     '  mammals  is  said  to  be  from  Z  to  IS  millions),  but  the  relation  of 

to  plasma  varies  a  good  deal  even  in  health,  and  very  much  in 
Obviously  the  relation  may  be  aSected  (1 )  by  an  increase  or 
pd«cr«Me  of  the  plasma,  i  2)  by  an  actual  decrease  or  increase  of  red  corpuscles. 
Now.  the  former  must  frequently  take  place.  The  blood,  as  we  have  already 
urgvd,  ij»  always  being  acted  upon  by  changes  in  the  tissues  and,  indeed,  is 
an  index  of  those  changes;  hence  the  plasma  must  he  continually  changing, 
though  always  striving  U)  return  to  the  normal  condition.  Thus  when  a 
large  quantity  of  water  is  discharged  by  the  kidney,  the  skin  or  the  bowels, 
that  water  comes  really  from  the  bIr>od,  and  the  drain  of  water  must  tend  to 
dirniniBh  the  bulk  of  the  plasma,  and  so  to  increase  the  relative  number  of 
red  corpuscles,  though  the  eficcl  is  probably  soon  reme<Ued  by  the  passage  of 
water  from  the  tissues  into  the  blood.  iSo  again  when  a  large  quantity  of 
water  is  drunk,  this  passes  into  the  blood  and  tends  temporarily  to  dilute  the 
plasma  (and  so  to  diminish  the  relative  number  of  red  corpuscles),  though 
this  condition  is  in  turn  soon  remedied  by  the  passage  of  the  superfluous 
fluid  to  the  tigsues  and  excretory  organs.  The  greater  or  less  uumber  of  red 
les,  then,  in  a  given  bulk  of  blood  may  be  simply  due  to  less  or  more 
but  we  have  reason  to  think  that  the  actual  number  of  the  corpuscles 
the  b]i>od  does  vary  from  time  to  time.  This  is  especially  seen  in  certain 
Ibrms  of  disease  which  may  be  spoken  of  under  the  i^eneral  term  of  ameuiia 
(there  being  several  kinds  of  ansmia),  in  which  the  number  of  red  cor- 
puscles is  distinctly  diminished. 

The  redoees  of  blood  may,  however,  he  influenced  not  only  by  the  uumber 
of  rtyl  corpuscles  in  each  cubic  millimetre  of  blood,  but  also  by  the  amount 
of  bacnioglobin  in  each  corpuscle,  and  to  a  less  degree  by  the  size  of  the 
corpuscles.  If  we  compare,  with  a  common  standard,  the  redness  of  two 
•(H-cimvns  of  blo<^d  unequally  red,  and  then  determine  the  relative  number 
^•M  oorpitscles  in  each,  we  may  tind  that  the  lesis  red  specimen  has  as  nmuy 
;1es  as  the  redder  one,  or  at  least  the  defictency  in  rednefls  is  greater 
rtban  can  be  accounted  for  by  the  paucity  of  red  corpuscles.  Obviously,  in 
•uch  a  case,  the  red  corpuscles  have  too  little  hiemoglobin.  In  some  cases  of 
iSDJcmia  the  deficiency  of  hicmoglobin  in  each  corpuscle  is  more  striking 
tho  soantineas  of  red  corpuscles. 


TVjr*  number  of  corpui*cles  in  ;»  specimen  of  blood  is  determined  b^  mixing  a 

carefully  meaiiured  ([Uaiitity  of  llie  blotiil  with  ti  large  quantity  of  some 

.1  fluid,  (ff;  a  5  percent-  bolutiou  itf  wodiuni  sulfihate,  and  then  actually 

o/Uiiiio^  the  corpii}4clr8  in  a  known  minimal  hulk  of  the  mixture. 

Thif>,  i^crliaps,  may  be  most  conveniently  done  by  the  method  generally  known 
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hue,  and  is  then  fmind  to  he  much  more  triin.aparent,  so  that  type 
be  easily  reaJ  through  a  moderately  thin  layer.  It  is  then  spoken  of  as 
lahf  blood.  The  tiamu  change  iimy  be  eileetcd  hy  shaking  the  blood  with 
ether,  or  by  adding  a  small  quantity  of  bile  salts,  and  in  other  ways.  Upon 
examination  of  laky  blood  it  is  liiund  that  the  red  corpuscles  are  "  broken 
up"  or  at  least  altered,  and  that  the  redness  which  previously  wa«  confined 
to  tbera  is  now  diti'used  through  the  serum.  Normal  bl(X)d  is  opaque  because 
each  corpuscle,  while  permitting  some  raya  of  light  (chiefly  red)  to  pass 
through,  reflects  many  others,  and  the  brightness  of  the  hue  of  normal  blood 
is  due  to  this  reilection  of  light  from  the  surfaces  of  the  several  corpuscles. 
Laky  blood  is  tranj>parent  because  there  are  no  longer  intact  corpuscles  to 
present  surfaces  for  the  reflection  of  light,  and  the  darker  hue  of  laky  bloud 
18  similarly  due  to  the  aljseuce  of  reflection  frnra  the  several  corpuscles. 

When   laky  blood  is  allowed  to  stand  a  sediment  ia  formed  (and  may  be 
separated   by   the  centrifugal   machine)  which  on  examination  is  found  to 
consist  of  discs,  or  fragments  of  discs,  of  a  colorless  substance  exhibitin| 
under  high  powers  an  obscurely  spongy  or  reticular  structure.     These  colt 
less,  thin  discs  seen   tlat-wise  often  appear  as  mere  rings.     The  suhstan* 
composing  them  stains  with  various  reagents  and  may  thus  be  made  raoi 
evident. 

The  red  corpuscle,  then,  consists  obviously  of  a  colorless  framework,  with 
which  iti  normal  couditions  a  red  coloring  matter  is  associated;  but  by 
various  nieaua  the  coloring  matter  may  be  driven  from  the  framework  and 
dissolved  in  the  serum.  jl 

The  framework  is  spoken  of  as  gfroma;  h  is  a  modified  or  difTerentiatetfl 
protoplasm,  and  upon  chemical  analysis  yields  proteid  suhstances,  some  of 
them  at  least  belonging  to  the  ghbulin  group^  and  other  matters,  amonj 
which  is  a  peculiar  complex  fat  called  /cciVA/h,  of  which  we  shall  have  to  s] 
in  treating  of  nervoue  tissue.  In  the  nucleated  red  corpuscles  of  the  h 
vertebrata  this  difl'ereutiated  stroma,  though  forming  the  chief  part  of  the 
cell-body  aniuud  the  nucleus,  la  accompanied  by  a  variable  amount  of  undif- 
ferentiated ]Hutop]asm»  but  the  latter  in  the  tuammalian  red  corpuscle  is 
either  absent  altogether  or  reduced  to  a  miuimum.  Whether  any  part  of 
this  stroma  is  living,  in  the  sense  of  being  capable  of  carrying  on  a  continual 
double  chemical  change,  of  continually  bu)]<ling  itself  up  as  it  breaks  downf 
is  a  question  too  difficult  to  he  discussed  liere.  ™ 

The  red  coloring  matter  which  in  normal  cou<litioo8  is  associated  with  this 
stroma  may  by  appropriate  means  be  isolateil,  and,  in  the  case  of  the  bhmd 
of  many  animals,  obtained  in  a  crystalline  form.  It  is  called /ia:mop/9/>f!»» 
and  may  by  proper  methotls  be  split  up  into  a  proteid  belonging  to  th< 
globulin  group,  and  into  a  colored  pigment,  containing  iron,  called  furtnatht 
FI:emogU»bin  is,  therefore,  a  very  com})[es  body.  It  is  found  to  have  remarl 
able  relations  to  oxygen,  and  indeed,  as  we  shall  see.  the  red  corpuscles  bj 
virtue  of  their  hiemoglobin  have  a  special  work  in  respiration  ;  they  carri 
oxygen  from  the  lungs  to  the  several  tissues.  We  shall  therefore  defer  the 
further  study  of  hiemoglobin  until  we  have  to  deal  with  respiration.  M 

The  red  corpusE^le,  then,  consists  of  a  disc  of  colorless  stroma  with  whio^ 
is  aaeociated  in  a  peculiar  way  the  complex  cfdored  body  hremaglobin. 
Though  the  haemoglobin,  as  is  seen  lu  laky  blood,  is  readily  soluble  in  serum 
(and  it  is  also  soluble  in  plasma),  in  the  intact  normal  blood  it  remains  con- 
fined to  the  corpuscle  ;  obvii)Usly  there  is  some  special  connection  between 
the  stroma  and  the  haemoglobin  ;  it  is  not  until  the  stroma  is  altered,  we  may 
perhaps  say  killed  fas  by  repeated  freezing  and  thawing),  that  it  loses  its  hold 
on  the  hajmoglobio,  which  thus  set  free  passes  into  solution  in  the  serum. 
The  disc  of  stroma  when  separated  from  the  hcemoglobin  has,  as  we  have  ji 
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I.  an  obscurely  epon^y  texture ;  but  we  du  not  know  accurately  the  exact 
aonditjon  ni'  the  stroma  ia  the  intact  corpuscle  or  how  it  holds  the  htemo- 
globlD.  There  is  certaiDly  no  delinite  raenibrane  or  envelope  to  the  corpuscle, 
lor  by  exputfing  blood  to  a  high  temperature*  60*^  C,  the  corpuscle  will  break 
upiolo  more  or  leas  spherical  pieces,  each  still  conBisting  of  stroma  and  heemo- 

The  quantity  of  stroma  necessary  to  hold  a  quantity  of  hicmoglobin  is 
exce«<lingly  small.  Of  the  total  solid  matter  of  a  corpuscle  more  than  90 
.ftr  OBOt.  IS  biemoglobiu.  A  red  corpuscle  iu  fact  is  a  quantity  of  hiemoglobin 
B«Id  together  in  the  form  of  a  disc  by  a  minimal  amount  of  stroma.  Hence 
vbatover  effect  the  stroma  per  se  may  have  upon  the  plasma,  this,  in  the 
cmn  of  mammals  at  all  events,  must  be  insignificant ;  the  red  corpuscle  is 
pntctically  simply  a  carrier  of  haemoglobin. 

$  25.  The  average  number  of  re<I  corpuscles  in  human  blood  may  be 
probably  put  down  at  about  5  millions  in  a  cubic  millimetre  (the  range  in 
diflerent  mammah  is  said  to  be  from  3  to  18  milli(ms).  but  the  relation  of 
c*jrpuscle  to  plasma  varies  a  good  deal  even  in  heitlilt,  »nd  very  much  in 
diaeaae.  Obviously  the  relation  may  be  afi'ected  (1)  by  an  increase  or 
daereaae  of  the  plasma,  ( 2)  by  an  actual  decrease  or  increase  of  red  corpuscles. 
Jiow,  the  former  must  frequently  take  place.  The  blood,  as  we  have  already 
orged,  is  always  l>eing  acted  upon  by  changes  iu  the  tij>sue8  and,  iudee^l,  ia 
BD  index  of  those  changes;  hence  the  plasma  must  be  continually  changing, 
though  always  striving  to  return  to  the  normal  condition.  Thus  when  a 
large  quantity  of  water  is  discharged  by  the  kidney,  the  skin  or  the  bowels, 
that  water  comes  really  from  the  blow!,  and  the  drain  of  water  must  tend  to 
dirainish  the  bulk  of  the  plasma,  and  so  to  increase  the  relative  number  of 
reil  corpuscle*,  though  the  effect  is  probably  soon  remedied  by  the  passage  of 
water  from  the  tissues  into  the  blood.  So  again  when  a  large  quantity  of 
water  is  drunk,  this  passes  into  the  blood  and  tends  tempcirarily  to  dilute  the 
fdaama  (and  so  to  diminish  the  relative  number  of  red  corpuscles),  though 
thia  condition  is  in  turn  soon  remedied  by  the  passage  of  the  superffuoua 
flaid  to  the  ti8fi^e»^  and  excretory  organs.  'The  greater  or  less  number  of  red 
corpu$icleT4,  then,  iu  a  given  bulk  of  blood  may  be  simply  due  to  less  or  more 
plaamH,  but  we  have  reason  to  think  that  the  actual  number  of  the  corpuscles 
ID  the  bliKxi  does  vary  from  time  to  time.  This  is  especially  seen  in  certain 
fnrms  uf  disease  which  may  be  spoken  of  under  the  general  term  ot'ameiuia 
(there  being  several  kind's  of  aneemia),  in  which  the  number  of  red  cor- 
puitclea  is  distinctly  diminished. 

The  redness  of  blcMwl  may^  however,  be  in6uenoe<l  not  only  by  the  number 
of  red  corpuscles  in  each  cubic  millimetre  of  blood,  but  also  by  the  amount 
of  hiomoglobin  iu  each  corpuscle,  and  to  a  less  degree  by  the  size  of  the 
corpascles.  If  we  compare,  with  a  common  standard,  the  redness  of  two 
i^pacimens  of  blo<Kl  unequally  red,  and  then  determine  the  relative  number 
of  corpuscles  in  each,  we  may  Bnd  that  the  leas  red  specimen  has  as  many 
[•  oorpo«clefl  as  the  redder  one,  or  at  least  the  deficiency  iu  redness  is  greater 
than  can  be  accounted  for  by  the  paucity  of  red  corpuscles.  Obviously,  iu 
Vach  a  case,  the  re<l  corpuscles  have  too  little  hiemoglohin.  In  some  cases  of 
the  deficiency  of  hfemoglobtn  in  each  corpuscle  is  more  striking 
the  scantiness  of  red  corpuscles. 

Thi*  nnnil»er  of  corpurH^les  in  a  specimen  of  blood  is  determined  by  mixing  a 
■  fully  weahured  i|U!intily  of  the  blood  with  a  lnr«e  i|Uaiitity  of  some 
I,  f//.,  a  i»  per  rent,  solution  t>f  nodiiun  ftulphaie,  luid  then  aotuttlly 
cuuutiti^  ihc  •-<>r|>uArUis  in  a  known  minimal  hulk  of  the  mixluro. 

Thi».  pcrhttp5,  limy  be  most  conveniently  done  by  the  method  generally  known 
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as  lUal  of  Gowers  (HaMuafytometer)  [Fijr-  S],  improved  by  Miilassez.  A  jrlass 
liide,  ID  a  tueul  frame,  h  ruled  into  minute  recUogles,  e-.7-.  \  mm-  by  ^  mm.,  si> 
BS  to  Rive  a  convenieut  area  of  «V  of  a  s-iuare  mm.  Three  small  screws  in  the  frame 
penult  a  cover^lip  to  be  brought  to  a  fixeil  distance.  e.ff.  \  mm.,  from  the  surface 
of  tbe  slide.  The  blood  having  been  diluted,  «.  7.  to  100  tinic.H  its  volume,  a  .^mall 
quantity  of  the  diluted  (uud  thoroughly  mixed)  blood,  suffident  to  occupy  fully 
toe  space  between  the  cuvcrislip  and  the  gla^s  slide  vrhen  the  former  is  brought 
to  its  proper  position,  is  placed  ou  the  slide,  and  tbe  eoverslip  brought  down.    The 
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it,  HK«te  far  measurlog  the  dlluUnir  solution;  U,  captlliuy  tube  for  nKA^iiring  blo-xl ;  C.  cell 
1th  il!vi»luttB  on  slide,  coTer-Klas»  nuil  •^prtnifA :  A  veswl  to  mix  auhitiotis  :  £,  mixer  :  F.  (pmrded 
pear-jioUilM  n^dlc  (or  sticking  tiuger.] 

Tolume  of  diluted  blood  now  lyinp  over  each  of  the  reclanales  will  be  yAu  (^  X  jt) 
of  a  cubic  mm. ;  and  if.  when  the  corpiiaoles  have  subsided,  the  number  of  oor- 
pusolea  lyin;r  within  a  rectangle  he  cc»unted,  the  result  will  give  the  number  of 
oorpusclcfi  previously  distributed  throu^rh  tin  of  a  cubic  mm.  of  the  diluted  blood. 
This  multiplied  by  ltX>  will  give  the  niuuber  of  corpuscles  iu  1  cubic  mm.  of  the 
diluted  bloi>df  and  again  multiplied  by  ](M\  the  number  in  1  cubic  mm.  of  the  entire 
bkxMl.  It  is  advisable  tu  count  the  number  of  coipusele<i  in  several  of  tbe  rec- 
tangles, and  tu  tak«  the  average.  For  tbe  convenience  of  counting,  each  retangle 
is  subdinded  into  a  number  of  very  small  si)uares,  «.  1/.  into  'J^K  each  with  a  side 
of  3^  mm.,  and  so  an  area  of  tho  of  a  s^iuare  mm. 

Since  the  actual  number  of  red  corpuscles  iu  a  speoimea  of  blood  (which 
may  be  taken  as  a  sample  of  tbe  whole  blood)  is  sometimes  more,  lometimea 
lees,  it  is  obvious  that  either  reil  oorpueclefi  mar  be  temporarily  witfadravm 
from  and  returne<:l  to  the  general  blood  current,  or  that  certain  red  corpuscles 
are.  aflcr  a  while,  made  away  with,  and  that  new  ones  take  their  place.  We 
have  no  satisfactory  evidence  of  the  former  being  the  case  in  normal  condi- 
tions, whereas  we  have  evidence  that  old  corpuscles  do  die  and  that  new 
ones  are  born. 

$  26.  The  reti  corpuscle!^,  we  have  already  said,  are  continually  engaged 
in  carrA'iug  oxygen,  by  means  of  their  biemoglobin,  from  the  lunga  to  the 
tissues;  they  load  themselves  with  oxygen  at  the  luug«  and  uuload  at  the 
tiflsuet.     It  is  extremely  unlikely  that  this  act  should  be  repeated  indefinitely 
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■out  leatiiDg  to  changes  which  may  be  familiarly  described  a.s  wear  and 
t«ar.  and  which  would  ultimately  lead  to  the  death  of  the  corpuscles. 

We  shall  have  to  state  later  on  that  the  liver  dischargee  iuln  the  alimen- 
tMTT  canal,  a«  a  conatitnont  of  hile,  a  considerable  ((uantity  uf  a  pigment 
kiMiwn  OA  bilirubin,  and  that  this  substance  has  remarkable  relations  with, 
aod,  indeed,  may  be  regarded  aa  a  derivative  of  hanyttin,  which,  as  we  have 
•e^n  (§  '24),  is  a  product  of  the  decomposition  of  hsmoglobio.  It  appears 
prubftble,  in  fact,  that  the  bilirubin  of  bile  (and  this  as  we  shall  see  is  the 
ehitf  biliary  pigment,  and  the  source  of  the  other  biliary  pigments)  is  not 
Ibnued  wholly  anew  in  the  body,  but  is  manufactured  in  some  way  or  other 
out  of  hiematin  derived  from  haemoglobin.  This  must  entail  a  daily  con- 
iptioD  of  a  considerable  quantity  of  btemoglobin,  and  since  we  know  no 
Aource  of  hsemoglobin  besides  the  red  corpuscles,  and  have  no  evidence 
red  corpQsclce  continuing  to  exist  atW  having  lost  their  haemoglobin, 
lat,  therefore,  entail  a  daily  destruction  of  many  red  corpuscles. 
Even  in  health,  then,  a  number  uf  red  corpuscles  must  be  continually 
kpfiearing;  and  in  disease  the  rapid  and  great  diminution  which  may 
take  place  in  the  number  of  red  corpusclee  shows  that  large  destruction 
tn«r  occur. 

We  eannot  at  present  accurately  trace  out  the  steps  of  this  disappearance 

red  eorpuscles.     In  the  spleen  pulp,  re<l  corpuscles  have  been  seen  in 

inou«  stages  of  disorganization,  snme  of  them  lying  within  the  substance 

large  colorless  corpuscles,  aud  as  it  were  bein^  eaten  by  them.     There  is 

o  evidence  that  destruction  takes  place  in  toe  liver  itself,  and,  indeed, 

Mwbere.     But  the  subject  has  not  yet  been  ade<|uately  worked  out. 

§  S7.  This  destruction  of  red  corpuscles   necessitates  the   birth  of  new 

iclet.  to  keep  up  the  normal  supply  of  haemoglobin  ;  and,  indeed,  the 

in  which  after  even  great   loes   of  blood    by  hemorrhage  a  healthy 

ldip«flB  returna,  and  that  oflen  rapidly,  showing  that  the  lost  corpuscles 

beeo  replaced,  as  well  as  the  cases  of  recovery  from  the  disease  anaemia, 

>re  that  red  corpuscles  are,  even  in  adult  life,  born  somewhere  in  the 

In  the  developing  embryo  of  the  mammal  the  red  corpuscles  uf  the  blood 
arc  not  hiemoglobin-holding  non-nucleating  discs  of  stroma,  but  colored 
nurleated  cells  which  have  arisen  in  the  following  way  : 

In  certain  regions  of  the  embryo  there  are  formed  nests  of  nuclei  imbe<Ided 

in  that  kind  of  material  of  which  we  have  already  ($  5)  spoken,  and  of 

which  we  shall  have  again  to  speak,  as  undifferentiated  protoplasm.     The 

fljkffnal  f«*atures  of  this  undifferentiated  protoplasm  are  due  to  the  manner  in 

hich  its  living  Imsis  (i^  5),  in  carrying  on  its  continued  building  up  and 

breaking  down,  disposes  of  itself,  its  food,  and  its  products.     These  are  for  a 

rhile  to  arranged  as  to  form  a  colorless  mass  with  minute  colorless  solid 

particleB  or  mlorless  vacuoles  imbedded  in  it,  the  whole  having  a  granular 

irance.     After  a  while  this  granular-looking  protoplasm   ia  in   large 

ire  gradually  replaced  by  material  of  different  optical  aud  chemical 

rlerv,  being,  for  instance,  more  homogeneous  and  less  "granular"  in 

appearance :  this  now  material  is  stroma,  and  as  it  is  formed,  there  is  f'»rmed 

with  it,  and   in  some  way  or  another  held   by  it,  a  coloring  matter,  hiemo- 

gluhin.     We  cannot  at  present  say  anything  defmite  as  to  the  way  in  which 

\mti*l  the  steps  by  which  the  original  protoplasm   is  thus  to  a  large  extent 

differentiated  into  stroma  aud  htemnglobin.     Alt  wc  know  ia,  that  the  exist- 

Iware  of  what  we  have  called  living  substance  is  necessary  to  the  formation 

r*  -*T'r.n  and  hiemoglobin.     We,  therefore,  seem  justiGed  in  speaking  of 

I  -rjr  nubst&oce  as  manufacturing  these  substances,  but  we  do  not  know 

wr>€;nrr  the  living  substance  turns  itself,  so  to  speak,  into  stmma.  or  hiemo- 
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globin,  or  both,  nr  xs-hether  l>y  some  ageucy,  the  nature  of  which  is  at  present 
(inkttowu  to  us,  it  converts  some  ol*  the  niaierial  which  is  present  in  the 
prt^tiipln^ni.  and  which  we  may  regard  as  ibod  for  itself,  into  one  or  other  or 
both  of  these  bodiea. 

When  this  diHerentiatinn  has  taken  place,  or  while  it  is  still  going  on,  the 
material  in  which  the  nuclei  ate  imbedded  divides  into  separate  cell-bodiee 
tor  the  several  nuclei ;  and  thus  the  nest  of  nuclei  is  transformed  into  a 
group  of  nucleated  red  corpuacleh,  each  corpuscle  consisting  of  a  nucleua 
imbedded  in  a  h.Tmoglobin-httlding  stroma  to  which  is  still  attached  more  or 
less  of  the  original  unditlerentiated  protoplasm. 

Still  later  on  in  the  life  of  the  embryo  the  nucleated  red  corpuscles  are 
replaced  by  ordinary  red  corpuscles,  by  non-nucleated  discs  composed  almost 
exclusively  of  hfemoglobin-holdiug  stroma.  How  the  transformation  takes 
place,  and  especially  how  the  nucleus  comes  to  be  abeent.  is  at  present  a 
matter  of  considerable  dispute ;  there  is  much,  however,  to  be  said  for  the 
view  that  the  normal  red  corpuscle  is  a  portion  only  of  a  cell,  that  it  is  a 
fragment  of  cell  substance  which  has  been  budded  off  and  so  has  left  the 
nucleus  behind. 

In  the  adult,  as  in  the  embryo,  the  red  corpuscles  appear  to  be  formed  out 
of  preceding  colored  nucleated  cells. 

lu  the  interior  of  bones  is  a  peculiar  tissue  called  marrow,  which,  in  most 
parts  being  very  full  of  bloodvessels,  is  called  red  marroir.  In  this  ret! 
marrow  the  capillaries  and  minute  veins  form  an  intricate  labyrinth  of  rela- 
tively wide  passagcfe  with  very  thin  walls,  and  through  this  labyrinth  the 
flow  of  bhxxl  is  comparatively  slow.  In  the  passages  of  this  labyrinth  are 
found  colored  nucleated  cells,  that  is  to  say.  cells  the  cell  substance  of  which 
has  undergone  more  or  less  diftereutiatiou  into  hjcnioglobin  and  stroma. 
And  there  ^eems  to  be  going  on  in  red  mLirrovv  a  multiplication  of  such 
colored  nucleated  cells,  some  of  which  transformed,  in  some  way  or  otherj 
into  re<l  non-nucleated  discs,  that  is,  into  ordinary  red  corpuscles,  pass  away 
into  the  general  blood  current.  In  other  words,  a  formation  of  red  corpus- 
cles, not  wholly  unlike  that  which  takes  place  in  the  embryo,  is  in  the  a*ialt 
continually  going  on  in  the  red  marrow  of  the  bones. 

According  to  some  observers  the  colored  nucleated  cells  arise  by  division 
in  the  marrow  from  colorless  cells,  not  unlike  but  probably  distinct  in  kind 
from  ordinary  white  corpuscles,  the  formation  of  hiemoglobin  taking  place 
subsequent  to  cell-*liviaion.  Other  observers,  apparently  with  reason,  urge 
that,  whatever  their  primal  origin,  these  colored  nucleated  cells  arise  during 
p*ist-embryonic  life  by  the  division  of  previous  similar  colored  cells,  which 
thus  form  in  the  marrow  a  distinct  class  of  cells  continually  undergoing 
division  and  thus  giving  rise  to  cells,  some  of  which  become  red  corpuscles 
and  pass  into  the  blood  stream,  white  others  remain  in  the  marrow  to  undergo 
further  divisitm  and  so  to  keep  up  the  supply.  Such  repeatedly  dividing 
cells  may  fitly  be  called  hfematobloi'ti:. 

A  similar  formation  of  red  corpuscles  has  also  been  described,  though  with 
less  evidence,  as  taking  place  in  the  spleen,  especially  uuder  particular  cir- 
cumstances, such  as  after  great  loss  of  blood. 

The  formation  of  red  corpuscles  is,  therefore,  a  special  process,  taking 
place  in  special  regions ;  we  have  no  satisfactory  evidence  that  the  ordinary 
white  corpuscles  of  the  blood  are,  as  they  travel  in  the  current  of  the 
circulation,  transformed  inio  red  corpuscles. 

The  red  corpuscles  then,  to  sum  up,  are  useful  to  the  body  on  account  of 
the  hiemoglobin.  which  constitutes  so  nearly  the  whole  of  their  solid  matter. 
What  functions  the  stroma  may  have  besides  the  mere,  so  to  speak,  mechani- 
cal one  of  holding  the  hiemoglobin  in  the  form  of  a  corpuscle  we  do  not 
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know,  The  primary  use  of  the  hcetnoglobia  is  to  carry  oxygen  from  tlie 
lungB  to  the  tiaauea,  and  it  would  appear  that  it  is  advantageous  t4)  the  econ- 
omy that  the  hspoioglohin  should  be  as  it  were  bottled  up  in  corpuscles  rather 
thAfi  simply  difTused  through  the  plasma.  Huw  luug  a  corpuscle  may  live 
oirryiug  t>XTgen  we  do  not  exactly  know  ;  the  red  corpuaclea  of  one  animal, 
e.  jT-t  a  bird,  injected  into  the  vessels  of  another,  e.g.^  a  mammal,  disappear 
within  a  few  days;  but  this  atiords  no  measure  of  the  life  of  a  corpuscle  in 
lU  own  hi>me.  Ereniually,  however,  the  red  corpuscle  dies,  its  place  being 
vupplieii  by  a  new  one.  The  hemoglobin  set  free  from  the  dea<f  corpuscles 
ap|>eiirs  to  have  a  secondary  use  in  forming  the  pigment  of  the  bile  and 
piifleibly  other  pigments. 


The  Wfdic  or  Colorlesn  Corpuscles. 

§  9S.  The  white  corpuscles  are  I'ar  less  numerous  ihuu  the  rod  ;  a  speci- 

of  ordinary  healthy  bl(KKl  will  contain  sevci'al   hundred  red  corpuscles 

to  e*ch  white  corpuscle,  though  the  proportion,  even  in  health,  varies  consid- 

eimbly  under  different  circumstances,  ranging  from  1  in  300  to  1  in  700. 

tut  ibuugh   leas  numerous,  the  white  corpuscles  arc  probably  of  greater 

(MjrtHuce  to  the  blood  itaelf  than   are  the  red  corpuscles;  the  latter  are 

iiirfly  liniile<i  U)  the  special  work  of  carrying  oxygen  from  the  lunga  to  the 

IUC8.  while  the  former  probably  exert  a  considerable  induence  on  the  blood 

plasma  itself.  au<l  help  to  maintain  it  in  a  proper  condition. 

When  seiMi  in  a  nornml  condition,  and  **  at  rest  '*  the  white  corpuscle  is  a 
MBmll.  spherical,  colorless  mass,  varying  iu  size,  but  with  an  average  diameter 
of  about  10  (J,  and  |»re9euting  generally  a  finely  but  sometimes  a  coarsely 
gruiular  appearance.     [Fig.  9.]     The  surface,  even  when  the  corpuscle  is 
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a,  while  (HrrpuKltfi  of  hnmaji  Ufxxi  ;  it,  n.<«l  eorpiuclw  (blgb  power).] 

\y  ai  re»t.  is  not  absolutely  smooth  and  even,  but  somewhat  inegular* 
Uiereby  cuntributing  to  the  granular  appearance  ;  and  at  limes  these  irregu- 
lariliea  are  exaggerateti  into  protuberances  or  *' pseudopodia '*  of  varviug 
nr  furm,  the  curpuscle  in  this  way  assuming  various  forma  without 
giog  it«  hulk,  and  by  the  assumption  of  u  series  of  forms  shifting  its 
!.  Of  these  **  amrrbnid  movements/'  as  ihey  are  called,  we  shall  have 
speak  Later  on. 

Is  cmriT'ing  on  these  amoeboid  movements  the  corpuscle  may  transform 

"  from  a  spherical  mass  into  a  thin,  flat,  irregular  plate;  and  when  this 

I  there  may  l>e  seen  at  times  iu  the  initUt  <if  the  extended  finely  grauu- 

r  nuus  or  celt  hody,  a  smaller  body  of  ditlerent  as|>ect  and  refractive  power, 

«  nvrieuM.     The  normal  presence  of  a  nucleus  \\\  the  while  corpuscles  may 

I  be  shown  by  treating  the  corpuscle  with  dilute  acetic  acid,  which  swells 

and  renders  mnre  transparent  the  cell  body  but  makes  the  nucleus  more 
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relVflclive  and  more  sharply  defined,  aud  ao  more  conspicuous,  or  by  the  use 
of  staining  rcAgenLe,  the  majority  of  which  stain  the  nucleus  more  readily 
and  more  deeply  than  the  cell  body.     In  what  [Hirhajw  may  be  considered jy 
typical   white  corpuscle,  the  nucleus  is  u  spherical   mass  about  2-3  >«  mt 
diameter,  but  it  varies  in  size  in  diflerent  corpuscles,  and  not  uofrequeotly  9 
irregular  in    form,  at   least  after  the  action  of  reagent*.     It  occasionally 
api>ear:j  as  if  about  U>  divide  into  fragments,  and  sometime.^  a  corpuscle  may 
contain  two  ur  even  more  (iheu  generally  small)  nuclei.     Though  staining 
readily  with  staining  reagents,  the  nucleus  of  an  ordinary  white  corpuscle 
does  not  show  the  nuclear  network  which  is  so  characteristic,  as  we  shall  see, 
oi  the  uuclei  id'  many  cells,  and  which  in  the^o  it*  the  part  of  the  nucleus 
which  especially  stains;  in  the  closely  allied  lymph  corpuscles,  to  which  we 
shall  have  immediately  to  refer,  a  nuclear  network  is  present.  J 

The  rell  biidy  of  the  white  corpuscle  may  he  taken  as  a  good  example  cl 
what  wtr  liave  called  undiHerenliated  protoplasm.  Optically,  it  consists  of  a 
uniformly  tranr^pareut  but  somewhat  refractive  material  or  basis,  in  which 
are  imbedded  miuuie  particles,  generally  spherical  in  form,  and  in  which 
sometimes  occur  minute  vacuoles  tilled  with  fluid;  it  is  rarely,  if  ever,  that 
any  distinct  network,  like  that  which  is  sometimes  observe^l  in  other  cells, 
can  be  seen  in  the  cell  body  of  a  white  corpuscle  whether  stained  or  no.  The 
imbediled  particles  are  generally  very  small,  and  for  the  most  part  distributed 
uaiformly  over  the  cell  body,  giving  it  the  finely  granular  aspect  spoken  of 
above;  sometimes,  however,  the  particles  are  relatively'  large,  making  the 
corpuscles  coarsely  granular,  the  coarse  granules  being  freijuently  confined 
to  one  or  another  part  of  the  cell  body.  These  particlesor  granules,  whether 
coarsie  or  fine,  vary  in  nature;  some  of  them,  as  shown  by  their  great< 
refractive  power,  their  staining  with  oamic  acid^  aud  their  solution  by  sob 
entfl  of  fat,  are  fatty  in  nature;  other^j  may  similarly  be  shown  by  tb^ 
reactions  to  be  proteid  in  nature. 

The  material  in  which  these  granules  are  imbedded,  aud  which  forms  t\ 
greater  part  of  the  cell  body,  has  no  special  optical  features  ;  so  far  as  can 
ascertained,  it  appears  under  the  microscope  to  be  homogeaeous ;  no  deBnite 
structure  can  be  detected  in  it.  It  must  be  borne  in  mind  that  the  whole 
corpuscle  consists  largely  of  water,  the  total  feolid  matter  amounting  to  not 
much  more  than  10  per  cent.  The  transparent  material  of  the  cell  body 
must,  therefore,  be  in  a  condition  which  we  may  call  semifluid,  or  semiBolid, 
without  being  called  upon  to  define  what  we  exactly  mean  by  these  terms. 
This  aj)proach  to  lluidily  ap|)ear--  to  be  connected  with  the  great  mobility  of 
the  ceil  body,  as  shown  in  Us  amoeboid  movements.  J 

$  29.  When  we  submit  to  chemical  examination  a  sufBcient  mass  of  whiff 
corpuscles,  separated  out  from  the  blood  by  special  means  and  obtained  toler- 
ably free  from  red  corpuscles  aud  plasma  (or  apply  to  the  white  blood-cor- 
puscles the  chemical  results  obtained  from  the  m<tre  easily  procured  lymph- 
corpuscles,  which,  as  we  shall  see,  are  very  similar  to,  and,  indeed,  in  manj 
wa^'s  relate*!  to  the  white  corpuscles  (d'  the  blood),  we  find  that  this  smt 
flolid  matter  of  the  corpuscle  consists  largely  of  certain  proteids. 

One  of  these  proteids  is  a  body  either  identical  with,  or  closely  allied 
the  proteid  called  mt/oain,  which  we  shall  have  to  study  more  fully  in  coi 
nection  with  muscular  tissue.  At  preaeut  we  may  simply  say  that  myosin  is 
a  body  iotermediate  between  fibrin  aud  globulin^  beins  less  soluble  than  the 
latter  and  more  soluble  than  the  former  ;  thus  while  it  is  hardly  at  all  soluble 
in  a  1  per  cent,  solution  of  sodium  chloride  or  other  neutral  salt,  it  is,  unlike 
fibrin,  speedily  aud  wholly  dissolved  by  a  10  per  cent,  solution,  Myosin  is 
further  interesting  because,  as  we  shall  see,  just  as  fibrin  is  formed  in  the 
ciottiug  of  blood  from  fibrinogen,  so  myosin  is  formed  out  vi'  a  precediai 
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Rirci«iiKif!:i*n.  iluriog  a  kiu<l  of  clotting  which  takes  place  in  muecular  fibre 
and  whirh  ii  spoken  of  as  rigor  mortis.  Ami  we  have  reasons  for  thinking 
that  ID  ibe  living  white  bl<jud -corpuscle  there  does  exist  n  body  identical 
with  or  allied  to  myoeiuogen,  w  hich  we  may  jipeak  of  as  being  in  a  Huid  con- 
dilioD  ;  and  which  on  the  death  of  the  corpuscle  is  converted,  by  a  kind  of 
slotting,  into  myosin,  or  into  an  allied  body,  which  being  solid,  givea  the 
IkpHv  of  the  corpuscle  a  stiffness  and  rigidity  which  it  did  not  possess  during 
life. 

Ik'sides  this  myosin  or  myosin-like  proteid,  the  white  corpueclea  also  cou- 
lain  either  paraglobulin  itself  or  some  other  member  of  the  j^lobuliii  group, 
a*  vrell  as  a  body  or  bodies  like  or  identical  with  serum  albumin. 

In  addition,  there  is  present,  in  somewhat  considerable  quantity,  a  sub- 
•tttooe  of  a  peculiar  nature,  which,  since  it  is  confinetl  to  the  nuclei  of  the 
rvtrnuAelee,  and  further  seems  Ui  be  present  in  all  nuclei,  has  been  called 
-  lit.  This  nuclein,  which  though  a  complex  nitrogenous  body  is  very 
.i;:i^-rrflt  in  composition  and  nature  from  protelds,  is  remarkable  on  the  one 
Kaod  for  being  a  very  stable  inert  body,  and  on  the  other  for  containing  a 
Urgfi  (|Qantity  (according  to  some  observers  nearly  10  per  cent.)  of  phos- 
pborua,  which  appears  to  enter  more  chjsely  into  the  structure  of  the  molecule 
than  it  iloes  io  tbe  case  of  proteids. 

Next  in  importance  to  the  proteids,  as  constant  constituenta  of  the  white 
cofp«Mcle»,  coroe  certain  fata.  Among  these  the  most  conspicuous  is  the  com- 
plex fatty  body  lecithin. 

Ill  ibe  case  of  many  corpuscles  at  all  events  we  have  evidence  of  the  prea- 
CDce  of  a  member  of  the  large  group  of  carbohydrates,  comj)risiug  starches 
•ad  sugar,  viz.,  the  starch  like  body  glycogen,  which  wo  shall  have  to  study 
more  fully  bereaAer.  This  glycogen  may  exist  in  the  living  corpuscle  as 
glycogen,  hut  it  is  very  apt,  a^er  the  death  of  the  corpuscles,  to  become 
changeti  by  hydration  into  some  form  of  sugar,  such  as  maltose  or  dextrose. 

Lastlv,  the  nsh  of  the  white  corpuscles  is  characterized  by  containing  a 
relnlively  large  quantity  of  potassium  and  of  phosphates  and  by  being  rela- 
livfly  piMir  in  chlorides  and  in  sodium.  But  in  this  respect  the  corpuscle  is 
aicrely  an  example  of  what  seems  to  be  a  general  rule  (to  which,  however, 
tb>!re  may  He  exceptions)  that  while  the  elements  of  the  tissues  themselves 
i^n-  rich  in  {totassium  and  phosphates,  the  blood  plasma  or  lymph  on  which 
iliry  live  abounds  in  chlorides  and  sodium  salts. 

^  30.  In  the  broad  features  above  mentioned,  the  white  blood -corpuscle 
may  be  taken  as  a  picture  and  example  of  all  living  tissues.  If  we  examine 
the  htst««logical  elements  of  any  tissue,  whether  we  take  an  epitheliunt  cell, 
or  a  nerve  cell,  or  a  cartilage  cell,  or  a  muscular  fibre,  we  meet  with  very 
linilar  ff«ture^  Studying  the  element  morphologically,  we  tind  a  nucleus' 
aod  a  cell  body,  the  nucleus  having  the  general  characters  described  above 
with  frequently  other  characters  introduced,  and  the  cell  bo<ly  consisting  of 
ai  leaM  more  than  one  kind  of  material,  the  materials  being  sometirues  so 
(iii|Maed  as  to  prtnluce  the  optical  effect  simply  of  a  transparent  mass  in 
^k.-i.  -ranulee  are  imbe<ided,  in  which  case  we  speak  of  the  cell  body  as 
-:uic.  but  at  other  times  so  arranged  that  the  cell  body  possesses  dif- 
it  rvu[iiite<i  structure.  Studying  the  element  from  a  chemical  point  of  view, 
wr  bud  proteids  always  present,  and  among  these  bodies  identical  with  or 
mtrre  or  lees  closely  allie<l  to  myosin,  we  generally  have  evidence  of  the  pres- 
ence aI*o  of  fat  of  some  kind  and  of  some  member  or  members  of  the  curbo- 
hyilrate  gruup.  and  the  ash  always  contains  potassium  and  phosphates,  with 
Rilpliatcs.  chlorides,  sodium,  and  calcium,  to  which  may  be  abided  magnesium 
ano  irtro. 

I  Tb>- •  \Ui<!i.>    .1  Mi(iUlnacl«arKinicuirc*  does  not  Atbcttbe  pnMtit  uririituenL 
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We  stated  iu  the  IntroducUon  that  living  matter  is  always  undergoing 
chemical  change ;  this  continued  chemical  change  we  may  denote  by  the 
term  meiaholUm.  We  further  urged  that  as  loug  as  living  matter  is  alive, 
the  chemical  change  or  metabolism  ia  of  a  double  kind.  On  the  one  hand, 
the  living  substance  is  coutinually  breaking  down  into  simpler  bodies,  with 
la  setting  free  of  energy  ;  this  part  of  the  metabolism  we  may  speak  of  as 
made  up  of  kaiabolic  changes.  On  the  other  hand,  the  living  substance  \& 
coutinually  building  itself  up,  embodying  energy  into  itself  and  so  replen- 
ishing ite  store  of  energy  ;  this  part  of  the  metabolism  we  may  speak  of  as 
made  up  of  anabolic  changes.  We  also  urged  that  in  every  piece  of  living 
tissue  there  might  be  (1)  the  actual  living  substance  itself,  (2)  material  which 
is  present  for  the  purpose  of  becoming,  and  is  on  the  way  to  become  living 
substance — that  is  to  say,  food  undergoing  or  about  to  undergo  anabolic 
changes,  and  (3;  material  which  has  resulted  from,  or  is  resulting  iVom,  the 
breftking  down  of  the  living  substance — that  is  to  say,  material  which  has 
undergone  or  is  undergoiu;^  katabolic  changes,  and  which  we  speak  of  as 
waste.  In  using  the  woni  *'  living  substance,"  however,  we  must  remember 
that  in  reality  it  is  not  a  substance  in  the  chemical  sense  of  the  word,  but 
material  undergoing  a  series  of  changes. 

If,  now,  we  ask  the  question,  which  part  of  the  body  of  the  white  corpuscle 
(or  of  a  similar  element  of  another  tissue)  is  the  real  living  substance,  and 
which  part  is  foofl  or  waste,  we  ask  the  question  which  we  cannot  as  yet  defi- 
nitely answer.  We  have  at  present  no  adequate  morphological  criteria  to 
enable  us  to  judge,  by  optical  characters,  what  h  really  living  and  what  is 
not. 

One  thiug  we  may  i>erhaps  say ;  the  material  which  appears  in  the  cell 
body  in  the  form  of  rlistinct  granules,  merely  lodged  in  the  more  transparent 
material,  cannot  be  part  of  the  real  living  substance ;  it  must  be  either  food 
or  waste.  Many  of  these  granules  are  fat,  and  we  have  at  times  an  opportunity 
of  observing  that  they  have  been  introduced  into  the  corpuscle  from  the  sur- 
rounding pliianiH.  The  while  corpuscle,  as  we  have  said,  has  the  power  of 
executing  aniteboid  movements;  it  can  creep  around  objects,  envelope  them 
with  its  own  substance,  and  so  put  them  inside  itself.  The  granules  of  fat 
thus  introduced  may  be  subsequently  extruded  or  may  disappear  within  the 
corpuscle;  iu  the  latter  case  they  are  obviously  changed,  and  apparently 
made  use  of  by  the  corpuscle.  In  other  words,  these  fatty  granules  are  appa- 
rently food  material,  on  their  way  to  be  worked  up  in  the  living  substance 
of  the  corpuscle. 

But  we  have  also  evidence  that  similar  granules  of  fat  may  make  their 
appearance  wholly  within  the  corpuscle ;  they  are  products  of  the  activity  of 
the  corpuscle.  We  have  further  reason  to  think  that  in  some  cases,  at  all 
events,  they  arise  from  the  breaking  down  of  the  living  substance  of  the  cor- 
puscle, that  they  are  what  we  have  called  waste  products. 

But  all  the  granules  visible  in  a  corpuscle  are  not  necessarily  fatty  in 
nature;  some  of  them  may  undoubtedly  be  proteid  granules,  and  it  is  possi- 
ble that  some  of  them  may  at  times  be  uf  carbohydrate  or  other  nature.  Iu 
all  cases,  however,  they  are  either  food  material  or  waste  products.  And 
what  is  true  of  the  easily  distinguished  grauuLes  is  also  true  of  other  sub- 
stances, in  solution  or  in  a  solid  form,  but  so  disposed  as  not  to  be  optically 
recognized. 

Hence  a  part,  and  it  may  be  no  inconsiderable  part,  of  the  white  corpus- 
cle may  be  not  living  substance  at  all,  but  either  food  or  waste.  Further  it 
does  not  necessarily  follow  that  the  whole  of  any  quantity  of  material,  fatty 
or  otherwise,  introduced  into  the  corpuscle  from  without,  should  actually 
be  built  up  into  and  so  become  part  of  the  living  substance;  the  changes 
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from  raw  food  lo  living  substance  are,  as  we  have  already  said,  probably 
many,  and  it  may  be  that  ai^er  a  certain  number  of  changes,  few  or  many, 
part  only  of  the  material  is  accepted  a^  worthy  of  hein^  made  alive,  and 
ih«  rest,  being  rejected,  becomes  at  once  waate  matter;  or  the  material  may, 
even  after  it  has  undergone  this  or  that  change,  never  actually  enter  into 
the  living  substance,  but  all  become  waste  matter.  We  say  waste  matter, 
but  ihif  (loes  not  menu  useless  matter.  The  matter  so  formed  may  without 
entering  iut(»  the  living  substance  be  of  some  subsidiary*  use  to  the  corpuscle, 
•If.  *n  probably  more  often  happens,  being  discharged  from  the  corpuscle, 
may  b«  of  uae  to  some  other  part  of  the  body.  AVe  do  nut  know  how  the 
ivin;;  substance  builds  itself  up,  but  we  seem  compelled  to  admit  that, 
in  i.'ortain  caaes  at  all  events,  it  is  able  in  some  way  or  other  to  produce 
chanj^  ou  material  while  that  material  is  still  outside  the  living  substance 
AA  it  were,  before  it  enters  into  and  indeed  without  its  ever  actually  entering 
into  the  composition  of  the  living  subistance.  Ou  the  other  hand,  we  must 
equally  admit  that  some  of  the  waste  sulmtances  are  the  direct  products  of 
the  katabolic  changes  of  the  living  substance  itself — were  actually  once  part 
of  the  living  substance.  Heuce  we  ought,  perha]»s,  to  distinguish  the  products 
ti  (1m»  activity  of  living  matter  into  waste  products  proper,  the  direct  results 
of  kaUtbolic  changes,  and  into  bye  products  which  are  the  results  of  changes 
•Acted  by  the  living  matter  outside  itself,  and  which  cannot,  therefore,l>e 
cuOfliderMl  ta  necessarily  as  either  anabolic  or  katabolic. 

Concerning  the  chemical  characten>  of  the  living  matter  itself  we  cannot 
at  preaent  make  any  very  definite  statement.  We  may  say  that  the  proteid 
»yaaKn»  or  rather  the  proteid  antecedent  or  atitecetientji  of  myosin,  enter 
ia  aome  way  into  its  structure,  but  we  are  not  justified  in  raying  that  the  Hv- 
lacaubitance  consists  only  of  proteid  matter  in  a  peculiar  condition.  And, 
inoocd,  the  persistency  with  which  some  representative  of  fatty  bodies^  and 
KMBe  representative  of  carbohydratet^  always  ap|)ear  in  living  tissue  would, 
perhlips*  rather  lead  us  to  suppose  that  these  eoually  with  proteid  material 
««re  casential  to  its  structure.  Again,  though  the  behavior  of  the  nucleus, 
m  oootrasted  with  that  of  the  cell  body,  leads  us  to  suppose  that  the  living 
■afastmnce  of  the  former  is  a  different  kind  from  that  of  the  latter,  we  do 
BoC  know  exactly  iu  what  the  (litferonce  consists.  The  nucleus,  as  we  have 
■eeo,  contains  nuclein  which,  {>erha|w.  we  may  regard  as  u  largely  modified 
liffoCeid :  but  being  a  body  which  is  remarkable  for  its  stability,  for  the  diffi- 
culty with  which  it  is  changed  by  chemical  reagents,  cannot  be  regarded  as 
an  integral  part  of  the  essentially  mobile  living  substance  of  the  nucleus. 

In  tJiis  connection  it  may  be  worth  while  to  again  call  attention  to  the 
imci  that  the  corpuscle  contains  a  very  large  (quantity  of  water,  viz.,  about 
90  per  cent.  Part  of  this,  we  do  not  know  how  much,  probably  exists  in 
A  ttkore  or  less  definite  combination  with  the  protoplasm,  somewhat  after  the 
manoer  of,  to  use  what  its  a  mere  illustration,  the  water  of  crystalliz-ation  of 
Mlta.  If  we  imagine  a  whole  group  of  different  complex  salts  continually 
ttoeapied  in  turn  in  being  crvetallized  and  being  decrystallized,  the  water 
ihaa  engaged  by  the  salts  will  give  us  a  rough  image  of  the  water  which 
pMM*  in  and  out  of  the  substance  of  the  corpuscle  as  the  result  of  its  meta- 
Dolic  Bctirity.  We  might  call  this  "  water  of  metabolism.''  Another  part 
uf  the  water,  carrying  in  this  case  substances  in  solution,  probably  exists  in 
^wocs  ur  interstices  too  small  to  be  seen  with  even  the  highest  powers  of  the 
Biicroaoope.  Htill  another  part  of  the  water  similarly  holding  substances  in 
BoloikHi  exists  at  times  in  definite  spaces  visible  under  the  microscope,  more 
or  \tm  re^larly  spherical,  and  called  vacuoles. 

Wb  have  dwelt  thus  ai  length  on  the  white  corpuscle  in  the  first  place, 
s  we  have  already  said  what  take«  place  iu  it  is  in  a  sense  a  picture 
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of  what  take*  place  in  :Ul  living  stnicturea,  ami  in  the  second  place  b& 
the  facts  which  we  have  metitiotieii  hel]>  u.<  to  understand  how  the  white 
corpuscle  nuiy  carry  on  in  the  blood  a  work  of  no  important  kind  ;  for  from 
what  has  been  said  it  is  obvious  that  the  white  corpuscle  is  continually 
actinjr  I'J^^n  J^"'!  l»eing  acted  upon  by  the  plasma. 

§  31.  To  understand,  however,  the  work  of  these  white  corpuBoles,  we  must 
learn  what  is  known  of  iheir  history. 

In  successive  drops  of  blood  taken  at  diH'erent  tinoes  from  the  same  indi- 
vidual, tlie  number  of  colorless  corpuscles  will  be  found  to  vary  very  much, 
not  only  relatively  to  the  red  corpuscles,  but  also  absolutely.  They  must, 
therefore,  "  come  and  go.'  ^ 

In  treating  of  the  lymphatic  system  we  shall  have  to  point  out  thatl 
very  large  qunntity  of  fluid  called  lymph,  containing  a  very  considerable 
number  uf  bodies,  very  similar  in  their  general  characters  to  the  white  cor- 
pusclea  of  the  blood,  is  being  continually  poured  into  the  vascular  system  at 
the  point  where  the  thoracic  duct  joins  the  great  veins  on  the  left  side  of  the 
neck,  and  to  a  le:^  extent  where  the  other  large  lymphatics  join  the  venoua 
avstem  on  the  right  side  of  the  sieck.  These  corpuscles  of  lymph,  which,  ai 
we  have  just  said,  closely  resemble,  and,  indeed,  are  with  difliculty  distin- 
guished from  the  white  corpuiiclrs  of  the  blood,  but  of  which,  when  they 
exist  outside  the  vascular  syste»i»  it  will  be  cvmvenient  to  speak  of  as  teueo- 
cyieny  are  found  along  the  whole  lentrtb  of  the  lymphatic  system,  but  are 
more  numerous  in  the  lymphatis  ve.ssels  after  these  have  passed  through 
the  lymphatic  glauds.  These  lymphatic  ghiuds  are  partly  comptwed  of 
what  is  known  as  udeuoid  tisane,  a  special  kind  of  connective  tissue  arrangetl 
as  a  delicate  network.  The  meshes  of  this  are  crowded  with  colorless  nucle- 
ated cells,  which,  though  varyiug  iu  size,  are,  Jor  the  must  part,  small,  the 
nucleus  being  surroun<led  by  a  relatively  small  tiuantity  of  cell  substance. 
Many  of  these  cells  show^  signs  that  they  are  undergoing  cellflivision.  and 
we  have  reason  to  think  that  cells  so  formed,  acquiring  a  larger  amount  of 
cell  substance,  become  veritable  leucocytes,  la  other  words,  leucocytes 
multiply  in  the  lymphatic  glands,  and  leaving  the  glands  by  the  lymphatic 
vessels,  make  their  way  to  the  blood.  Patches  and  tracts  of  similar  adenoid 
tissue,  not  arranged,  liowever,  as  dlslincl  glaufls,  but  similarly  uccupie<i  by 
developing  leucocytes  and  similarly  connected  with  lymphatic  vessels,  are 
found  in  various  parts  of  the  body,  especially  in  the  mucous  membranes. 
Hence,  we  may  conclude  that  from  various  parts  of  the  bwly,  the  lym- 
phatics are  coniinunlly  bringing  to  the  blood  an  abundant  supply  of  leuco" 
cytes.  and  that  these  iu  the  blood  become  ordinary  white  corpuscles.  This 
is  probably  the  chief  source  of  the  while  corpuscles,  for  though  the  white 
corpuscles  have  been  seen  dividing  iu  the  blood  itself,  no  large  increase  XsikM 
place  in  that  way.  1 

§  32.  It  follows  that  since  white  corpuscles  are  thus  continually  being 
added  to  the  blood,  while  corpuscles  must  as  continually  either  be  destroyed, 
or  be  transformed,  or  escape  from  the  interior  of  the  bloodvessels;  otherwise 
the  blooci  would  soon  be  blocked  with  white  corpuscles. 

Some  do  leave  the  bloodveasels.  In  treating  of  the  circulation  we  shall 
have  to  point  out  that  white  corpuscles  are  able  to  [)ierce  the  walls  of  the 
capillaries  and  minute  veins,  and  thus  to  make  their  way  from  the  interior 
of  the  bloodvessels  into  spaces  filled  with  lymph,  the  "lymph  .spaces,"  as 
they  are  called,  of  the  tissue  lying  outside  the  lilfXHivessels.  This  is  spoken 
of  as  the  "migration  of  the  white  corpuscles."  In  an  "  inllame*!  area*' 
large  numbers  of  white  corpuscles  are  thus  drained  away  from  the  blood 
into  the  lymph  spaces  of  the  tissue;  and  it  is  probable  that  a  similar  loss 
takes  place,  more  or  less,  under  normal  conditions.     These  migrating  cor- 
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eeB  maj.  by  following  the  devious  tracU  of  the  lymph,  find  their  way 
into  ihe  blood;  some  of  them,  however,  may  remain,  and  undergo 
TuriouB  changes.  Thus,  in  inflamed  areas,  when  suppuration  follows  in- 
flAinmatioD.  tht5  white  corpuscles  which  have  migrated  may  become  "pus 
eorpuacies,"  or,  where  thickening  and  gniwth  follow  upon  inflammation. 
■Mja  according  to  many  authorities,  become  transformed  into  tem{>orary  or 
pannanent  tJMue.  eepeeinlly  connective  tissue;  but  this  transfonnation  into 
tiMUa  ii  disputed.  NVhen  an  inHammation  subsides  without  leaving  any 
cflbot  a  few  curpUBcletf  only  will  be  found  iu  the  tl^ue;  those  which  had 
piWTiouftly  migrated  must,  therefore,  have  been  disposed  of  in  some  way  or 
another. 

In  speaking  of  the  formation  of  re<l  corpuscles  (§  27)  we  saw  that  not 
only  it  is  not  pmved  that  the  nucleated  corpuscles  which  give  rise  to  red 
oorposclee  are  oniiuary  white  corpuscles,  but  that  in  all  probability  the  real 
tematoblasts,  the  parents  of  red  corpuscles,  arc  special  corpuscles  developed 
in  the  !*ituations  where  the  manufacture  of  red  corpuscles  takes  place.  So 
fAr,  therefore,  from  assuming,  as  is  sometimes  done,  that  the  white  corpuscles 
of  the  blood  are  all  of  them  on  their  way  to  become  red  coqmscles,  it  may 
be  doubted  whether  any  of  them  are.  In  any  case,  however,  even  making 
allowaoce  for  those  which  migrate,  a  very  wmsiderable  number  of  the  white 
corpuscles  must  "disapiwar  "  in  .*ome  way  or  other  from  the  blood  stream, 
sntf  we  may,  porhara,  speak  of  their  diflappeiimncc  as  being  a  "  destruction  " 
or  "diMoIution."  We  have,  as  yet,  no  exact  knowle<lge  to  guide  ua  in  the 
matter,  but  we  can  readily  imagine,  that  upon  the  death  of  the  corpuscle, 
the  substances  composing  it,  after  undergoing  changes,  are  dissolved  by  and 
become  part  of  the  plasma.  If  so,  the  airpusclee,  as  they  die,  must  repeatedly 
iDflueni*e  the  composition  and  nature  of  the  plasma. 

But  if  thev  thus  affect  the  plasma  in  their  death,  it  is  even  more  probable 
that  they  iiiduence  it  during  their  life.  Being  alive,  they  must  be  continually 
taking  in  and  giving  out.  As  we  have  already  said,  they  are  known  to  ingest, 
after  the  fashion  of  an  amceba.  solid  particles  of  various  kinds,  such  as  fat 
or  ca.rroine,  present  in  the  plasma,  and  probably  dige^^t  such  of  these  particles 
a«  are  nutritious.  But  if  they  ingest  these  solid  matters  they  probably  also 
carry  out  the  easier  task  of  ingesting  dissolved  matters.  If,  however,  they 
tbtis  take  in,  they  must  also  give  out;  and  thus  by  the  removal  on  the  one 
kaful  uf  various  substances  from  the  plasma,  and  by  the  addition  on  the  other 
band  nf  ttthcrs,  they  must  be  continually  influencing  the  plasma.  We  have 
aJ  ready  said  that  the  white  corpuscles  in  shed  blood  as  they  die  are  supposed 
u*  play  an  important  part  iu  the  clotting  of  blood ;  similarly  they  may  dur- 
ing tlieir  whole  life  be  engaged  in  carrying  out  changes  in  the  proieids  of 
the  planna  which  do  not  lead  to  clotting,  but  which  prepare  them  for  their 
Tanous  uses  in  the  body. 

Pathological  facts  afford  support  to  this  view.  The  disease  calle<i  leuco- 
\.i  ''or  Icukiicmia)  is  characterized  by  an  increase  of  the  white  cor- 
j  "ith  aUiolute  and  relative  to  the  red  corpuscles,  the  increase,  due 

U>  an  augmented  produciitm  or  possibly  to  a  retarded  destruction,  being  at 
times  00  great  as  to  give  the  blood  a  pinkish-gray  api>carance,  like  that  of 
blood  mixed  with  pus.  We  acconlingly  find  that  in  this  disease  the  plasma 
b  in  many  ways  profoundly  aflected  and  fails  to  nourish  the  tissues.  As 
m  ftinher  illustration  of  the  possible  action  of  the  white  corpuscles  we  may 
•iBta  that,  according  to  some  ol>server8  in  certain  diseases  in  which  minute 
organisms,  such  as  bacteria,  make  their  appearance  in  the  blood,  the  white 
corpotcles  "  take  up  *'  these  bacteria  into  their  substance,  and  thus  probably, 
by  extftiag  an  influence  on  them,  moilify  the  course  of  the  disease  of  which 
organisms  are  the  e«eentinl  cause. 
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If  the  white  corpuscles  are  thus  engaged  tJuriug  their  life  \n  carrying  oi 
iinporlant  labors,  we  nmy  expect  them  to  differ  in  appearauce  according  to] 
their  condition.  Some  of  the  corpuscles  are  spoken  of  as  "faintly"  or 
"  finely"  granular.  Other  corfjusclea  are  spoken  of  as  "coarsely"  granular, 
their  cell  substance  being  loaded  with  conspicuously  discrete  granules.  It 
may  be,  of  coui-se,  that  there  are  two  distinct  kiude  of  corjuiscles,  having 
different  functions  and  possibly  different  origins  and  histories;  but  since^ 
interni collate  forms  are  met  with  containing  a  few  coarse  granules  only,  itl^ 
ifl  more  probable  that  the  one  fcirm  is  a  phase  of  the  other ;  that  a  faintly 
gmuulai  corpuscle,  by  taking  lu  granuled  from  without  or  by  producing 
granules  Avithin  itself  as  products  of  its  metabolism,  may  become  a  coarsely 
granular  corpuscle. 

Whether,  how^ever,  the  white  corpuscles  are  really  all  of  one  kind,  or 
whether  they  are  different  kinds  performiug  different  functions,  must  at. 
present  be  left  an  open  question. 


Bloitd  PUUdeU, 


§  33.   In  a  drop  of  blood  examined  with  care  immediately  after  remov 
may  be  seen  a  number  of  exceedingly  ^mall  bodies  {2^  to  '^/i  in  diameter 
frequently  disc-shaped,  but  sometimes  of  a  rounded  or  irregular  form,  homo- 
geneous in  appearance  when  (juite  fresh,  but  apt  to  assume  a  faintly  granular 

aspect.  They  are  called  blood  plaieUts^  or  blood 
plaques.  They  have  been  supposed  by  some  tti 
become  developed  into,  and,  indeed,  to  be  early 
Htages  i>f,  the  red  corpuscles,  and  hence  have 
been  calleil  hsematoblasts ;  but  this  view  has 
not  been  conlirmcd ;  indeed,  as  we  have  seen 
(§  27),  the  real  hiematoblasta,  or  developing  red 
corpuscles,  are  of  tjuite  a  different  nature.  ^ 
They  speedily  undergo  change  after  removaH 
from  the  body,  apparently  dissolving  in  ihfi^ 
plasma;  tliey  break  up,  part  of  their  subetance 
<iisapt)eariug,  while  the  rest  becomes  granular. 
Tlieir  granular  remains  are  apt  to  run  together, 
forming  in  the  plnsnm  the  sha|)eless  masBes 
which  have  long  been  known  and  described  as 
**  lumps  of  protoplasm."  By  appropriate  re- 
agents, however,  these  platelets  may  be  fixed 
and  .stuinei]  in  the  condition  in  which  they 
appear  after  leaving  the  body. 

The  substance  composing  them  is  peculiar^ 

and,  though  we  may  perhaps  speak  of  them  as 

consisting  of  liviag  material,  their  nature  is  at 

present  obscure.     They  may  be  seen  witliiu  the 

living  blootlvessels  [Fig.  10],  and  therefore  must  he  regarded  as  real  parts 

the  blood,  and  not  as  products  of  the  changes  taking  place  in  blood  after 

has  been  shed. 

When  a  needle  or  thread  or  other  foreign  body  is  iatroduce<]  into  the 
interior  of  a  bloodvessel,  they  are  apt  to  collect  upon,  and,  indeed,  are  the 
precureoraof  the  clot  which  in  most  cases  furms  around  the  needle  or  thread. 
They  are  alst*  found  in  the  (/trom/^t' or  plugs  which  sometimes  form  in  the 
bloodvessels  ae  the  result  of  disease  or  injury.  Indeed,  it  ha^  been  main- 
tained that  what  are  called  white  thrombi  (to  distinguish  them  fiotu  red 
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ibi,  which  ore  plugs  of  corpuscles  ai»d  fibrin)  are  in  reality  ftggrega- 

of  bliMxJ   platelets ;  um^  for  various  reaaons  blood  platelcte.  have  been 

tuppu0ed  to  play  an  important  part  in  the  clotting  of  bli)o<l,  currying 
oat  the  irork  which,  in  thitt  respect,  is  by  others  attributed  to  the  wtiite 
eorpuficle?.  But  no  very  definite  statement  can  at  present  be  made  about 
IIim;  and,  indeed,  the  origin  and  whole  nature  of  these  blofxl  platelets  is  at 

It  obBcure. 
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^34.  We  may  now  paaa  briefly  in  review  the  chief  chemical  characters  of 
bloo»i,  remembering  always  that,  as  we  have  already  urged,  the  chief  chemi- 
cal interest  of  blooid  are  attached  to  the  changes  which  it  undergoes  in  the 
•evtml  tisauee  ;  these  will  be  cr)n3idered  in  connection  with  each  tiasue  at  the 
■}iiiroi>riate  place. 

The  average  specific  gravity  of  human  blood  ib  1055,  varying  from  1045 

107^1  within  the  limits  of  health. 

The  reaction  of  blood  a^  it  flows  from  the  bhHxlvesseis  is  found  to  be  die- 
tiactly  though  feebly  alkaline.  If  a  drop  be  placed  on  a  piece  of  faintly  reti, 
htfhly  glazed  litmus  paper,  and  then  wi|>e<1  ofl*,  a  blue  stain  will  be  left. 

The  whole  blood  contains  a  certain  <|uautity  of  gases,  viz.,  oxygen,  car- 
bonic acid,  and  nitrogen,  which  are  held  in  tne  blood  in  a  peculiar  way, 
which  vary  in  different  kinds  of  blood,  and  so  serve  especially  to  distinguish 
arterial  from  venous  blood,  and  which  may  be  given  off  from  blood  when 
exposed  to  an  atmosphere,  according  to  the  composition  of  that  atmosphere. 
Tneae  gaaes  of  blood  we  nhall  study  in  connection  with  respiration. 

The  normal  hictod  consists  of  rorpfu^eles  and  plo-^tma. 

If  the  corpuscles  be  supposted  to  retain  the  amount  of  water  proper  to  them, 
blood  may,  tn  general  terms,  be  considered  as  consisting  bv  weight  of  from 
about  one-third  to  somewhat  less  than  one-half  of  corpuscles,  the  reist  being 
planoA.  As  we  have  already  seen,  the  number  of  corpuscles  in  a  specimen 
of  blood  is  found  to  vary  cxmsiderably,  not  only  in  diflerent  animals  and  in 
diflt-r^Qt  individuals,  but  in  the  saqae  individual  at  diHerent  times. 

The  itbrtmn  is  re8*^lved  by  the  clotting  of  the  blood  into  ser\t,tn  and/^rut, 

(ii35.  The  trrytm  contains  in  100  parts: 


FttU,.  Tftfiuus  cxlnuHiTflft.  Aod  uline  mAU«ri 
WaUT 


about  8  or  9  parte. 

"      2  or  1  piirt. 

90      iwrt*. 


The  proleids  are  paraglohulia  and  oeru)n-ttlbinnln  (there  being  probably 
■tore  than  one  kind  of  serum-albumin)  in  varying  proportion.  We  may, 
perhaps,  roughly  speaking,  say  that  they  occur  in  about  equal  quantities. 

Conspicuous  nn<l  strikiug  as  are  the  results  of  clotting,  massive  as  ap]>ears 
to  be  the  clot  which  is  forme^l,  it  must  be  remembered  that  by  far  the  greater 
p«rt  of  the  clot  cou:*i8li  of  corpuscles.  The  amount  by  weight  of  fibrin 
re«|«ired  ^>  bind  together  a  number  of  corpuscles,  in  order  to  form  even 
a  large,  firm  clot,  is  exceedingly  small.  Thus,  the  average  quantity  by 
fNJght  of  fihriu  iti  human  blood  is  said  to  be  0.2  i>er  cent. ;  the  amount,  how- 
CWi  which  can  bo  obtained  from  a  given  quantity  of  plasma  varies  extremely. 
the  VAriation  being  due  not  only  to  circumstances  ailecting  the  blood,  but 
alio  U>  the  method  employed. 

The  fats,  which  are  scanty,  except  after  a  nicnl  or  in  certain  pathfdogical 
coodltioiu,  consist  of  the  neutral  tat* — stearin,  palmilin.  and  olein — with  a 
eefftain  atiantity  of  their  respective  alkaline  8<jaj>s.  The  peculiar  complex 
hi  leHlhin  occure  in  very  small  (|uantitie3  only  ;  the  amount  present  of  the 
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peculiar  alcohol  cholesterin.  which  had  so  fatty  an  appearance  is  also  sraaWl 
Among  the  extractives  present  in  serum  niav  be  put  down  nearly  all  the 
nitrogenous  and  other  an bstancee  which  form  the  extractives  of  the  body  and 
of  food,  such  as  urea,  kreatin,  sugar,  lactic  acid,  etc.     A  very  large  number 
of  these  have  been  discovered  in  the  bloo<l  under  various  circumstances,  the 
consideration  of  which  must  be  left  for  the  present.     The  peculiar  odor  of 
blood  or  of  serum  is  probably  due  to  the  presence  of  volatile  bodies  of  the 
fatty  acid  series.     The  faint  yellow  color  of  serum  is  due  la  u  B]>ecial  yellow 
pigment.     The  most  characteristic  and  important  chemical  feature  of  the 
Buliue  constitution  of  the  serum  is  the  preponderance,  at  least  in  man  and 
most  animals,  of  sodium  salts  over  those  of  jiotassium.     In  this  respect  tbdl 
serum  oifera  a  marked  contrast  to  the  corpuscles.     Less  marked,  but  stil^ 
striking,  is  the  abundance  of  chlorides  and  the  poverty  of  j)hos|)hates  in  the 
serum,  as  compared  with  the  corpuscles.     The  salts  may  in  fact  brieHy  be 
described  as  consisting  chiefly  of  sodium  chloride,  with  some  amount  of 
Sfxlium  carbonate,   or   more  correctly  soilium   bicarbonate,  and   potassiuuM 
chloride  with  ^mall  quanlilies  of  sodium  sulphate,  sodium  phosphate,  calfl 
cium  phm^jihnte,  and  magnesium  phosphate.     And  of  even  the  small  quan- 
tity ot  i)iiu5[)hatc's  f<mnd  in  the  ash.  part  of  the  phosphorus  exists  in  the 
serum  itself,  not  as  a  phosphate,  but  as  phosphorus  in  some  organic  body.      M 

§36.  The  red  corpiigcleg  contain  less  water  than  the  serum,  the  amount  o^ 
solid  matter  being  variously  estinuited  at  fnmi  oO  to  40  or  more  per  cent. 
The  solids  are  almost  entirely  organic  matter,  tlic  inorganic  salts  amounting 
to  less  than  1  [ht  cent.     Of  the  organic  matter  again  by  far  the  larger  part 
consists  of  h»moglol>in.     In  HlO  parts  of  the  dried  organic  matter  of  the 
corpuscles  of  human  blood,  about  di)  parts  arc  haMuoglobin,  about  8  parts  arw 
proteid  substances,  and  about  '2  parts  are  other  substances.     Of  the  la8t,on^ 
of  the   nmst  important,  forming  alHmt  a  ([tiarter  of  them  and  apparently 
being  always  present,  is  lecithin-.     Cholesterin  appears  also  to  be  normally 
present.     The  proteids  which  form  the  stroma  of  the  red  corpuscles  api>ear 
to  belong  ohietly  to  the  globulin  family.     As  regards  the  inorganic  constitu- 
ents, the  corpuscles  are  distinguislied  f)y  the  relative  abundance  of  the  salts 
of  jwtassium  and  of  phusphutes.     This  at  leaiit  is  the  case  in  man  ;  the  rela- 
tive quantities  of  sotliiim  and  polassium  in  the  corpuscles  and  serum  respec- 
tively appear,  however,  to   vary  in  different  animab  ;  in  some  the  sodiuid 
salts  are  in  excess  even  in  the  corpuscles.  ^ 

i;  37.  The  proteid  matrix  of  the  white  c<}rpuiic!eji  we  have  stated  to  l>e 
composed  of  myosin  (or  an  allied  body ),  paraglobulin  and  possibly  other 
proteids.  The  nuclei  contain  nucioin.  The  white  corpuscles  are  found  to 
contain,  in  addition  to  proteid  material,  lecithin  and  other  fats,  glycogen, 
extractives  and  inorganic  salts,  there  being  iu  the  ash,  as  in  that  of  the 
corpuscles,  a  preponderance  of  potassium  salts  and  of  phosphates. 

The  main  facts  of  iutere-st  then  in  the  chemical  composition  of  the  bl< 
are  as  follows:  The  rod  corpuscles  consist  cliiefly  of  ha?mog!obin. 
organic  solids  of  serum  consbt  partly  of  serum-albumin,  and  partly  of  para- 
globulin. The  scrum  or  plasma  contracts,  in  man  at  least,  with  the  corpuscles, 
inasmuch  as  the  former  contains  chiefly  chlorides  and  sodium  salts,  while 
the  latter  are  richer  in  phosphates  and  potassium  salts.  The  extractives 
the  blood  are  remarkable  rather  for  their  number  and  variability  than  foi 
their  abundance,  the  most  constant  and  important  being  perhaps  urea,  kreatiaj 
sugar,  and  lactic  acid. 
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The  QrAXTiTY  of  Blood,  and  its  Distribution  in  the  Body. 

$  38.  The  quantity  of  blood  containerl  in  the  whole  vascular  sYStem  ia  a 
ice  struck  l>etweeii  tlie  tlHsues  which  pive  to.  and  those  which  take  away 
from,  the  bIo<Ml.  Thuu  the  tissues  uf  the  aliiiiontary  caual  largely  add  to  the 
h\(^<lt^  water  and  the  material  derived  from  fuod,  while  the  excretory  organs 
largely  take  away  water  aud  the  other  substances  constituting  the  excretions. 
Otaer  tissues  both  give  and  take ;  aud  the  considerable  drain  from  the  blood 
to  tb«  Ivniph  spaces  which  takes  place  in  the  capillaries  is  met  by  the  flow  of 
Irmph  into  the  great  veins. 

From  the  result  of  a  few  observations  on  e.xecuted  criminals  it  has  been 
ooDcliided  that  the  total  quantity  of  bloo<!  in  the  human  bmly  is  about  Atb 
of  tlie  body  weight.  But  in  various  animals,  the  proiwrtion  of  the  weight 
of  ibe  blood  to  that  of  the  body  hae  been  found  to  vary  very  considerabl 
ai  difieront  individuals :  and  probably  this  holds  good  for  man  also,  at  a 
«TeaU  urithin  certain  limits. 

In  tlie  same  individual  the  fjuantity  probably  does  not  vary  largely.  A 
■adden  drain  upon  the  water  <>f  the  blo<Hl  by  great  activity  of  the  excretory 
omuia*  u  by  profuse  sweating,  or  a  t>udtleu  addition  to  the  water  of  the  bl<x)d. 
M  Dy  drinking  large  quantities  of  water  or  by  injecting  tiuid  into  the  blood- 
VMwla,  i«  rapidly  compensated  by  the  parage  of  water  from  the  tisuues  to 
Iba  blood,  or  from  the  blood  to  the  tissues.  As  we  have  already  said,  the 
Uvncft  are  continually  striviug  to  keep  up  an  nvernge  composition  of  the 
Klciml.ani]  in  so  doing  keep  up  au  average  quantity.  In  starvation  the  quan- 
And  quality)  of  the  blood  is  maintained  for  a  long  time  at  the  ex|>ense 
..J  Uiw  tissues,  i<o  that  ailer  some  days'  deprivation  of  food  and  driuk,  while 
the  6it,  the  muscles,  aud  other  tissues  have  l>een  largely  diminished,  the 
qaaflUKy  of  bloorl  remains  nearly  the  same. 

The  total  qiMntity  of  blood  present  in  an  unimal  body  is  estimated  in  the  fol- 
Ipwian  va>'  As  much  blood  us  po.ssible  is  a llt> wed  to  escape  from  the  vessels; 
lUi  b  measured  directly.  The  vessel^  are  then  washed  out  with  water  or  normal 
aulnlion,  aud  the  washings  carefully  collected,  luixud.  and  measured.  A 
quantity  of  htood  is  diluted  wiili  water  or  normal  t^-diiie  solution  unlit  it 
the  same  tint  a^*  a  uie-aaured  specinieii  of  the  washings.  This  gives  the 
MBOtuil  of  blc»nd  (ur  ruther  of  luemoKlobin)  in  the  measured  sneciracn.  from  which 
tk«  local  quantity  in  the  whoU'  washings  is  calculated,  hsti^tly.  the  whole  body  is 
«af«fiiUj  minced  and  wasfied  tri.'e  fVum  Mood.  The  washin^n  are  collectt'd  and 
fliavd.  and  the  amount  of  blood  in  them  is  estimated,  a«>  before,  by  comparison 
viib  a  ftpecitDpii  of  diluted  blood.  The  quantity  of  blood,  as  calculated  from  the 
t  ■  "ifcthcr  with  the  escaped  and  directly  measured  blood,  gives  the 

■  bltx)d  in  the  body. 
I  11^  not  free  from  objections,  but  other  methods  are  even  moreim- 

}'   •    ■ 

The  blood  is  in  round  numbers  distributed  as  follows : 

About  one-fourth  in  the  heart,  lungs,  large  arteries  and  veins. 

About  one*fourth  in  the  liver. 

About  one-iourth  iu  the  skeletal  muscles. 

About  uue-fourth  in  the  other  organs. 

Since  in  the  heart  and  great  bloodvessels  the  blood  Ls  simply  in  transit, 

iihout  uadergoing  any  great  changes  (and  in  the  lungs,  as  far  ns  we  know, 

■tng   limited  to  respiratory  changes),  it  follows  that  the  alterations  which 

_,ikf  plaoe  iu  the  bltxHl  pasjiing  through  the  liver  aud  skeletal  muscles  far 

Ksoeed  ibote  which  occur  in  the  rest  of  the  body. 
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§  39.  I:?f  order  that  the  blood  mny  uourish  the  several  tisHues  it  is  carried 
to  and  from  them  by  the  vascular  mecbanism ;  and  this  carriage  entails 
active  movements.  In  order  that  the  blood  may  adeijuately  nourish  the  tis- 
sues, it  must  be  refvlenished  by  food  from  the  alimentary  canal,  and  purified 
from  waste  by  the  exeretory  organs ;  aud  both  these  processes  entail  move- 
ments. Hence  before  we  proceed  further  we  muet  study  some  of  the  general 
characters  of  the  movements  of  the  body. 

Most  of  the  moveiuentiS  of  the  body  are  carried  out  by  means  of  the  mus- 
cles of  the  trunk  and  limbs,  which  beiag  connected  with  the  skeleton  are 
frecjuently  called  skeletal  muscles.  A  skeletal  muscle  when  subjected  to 
certain  influences  snildenly  sliortens,  bringing  its  two  ends  nearer  together; 
and  it  h  tlie  shorten] ug,  acting  upon  various  bony  levers  or  by  help  of  other 
mechanical  arraageinetilti,  which  produces  the  movement.  Such  a  temporary 
shortening,  called  forth  by  certain  influences,  and  due  as  we  shall  see  to  cbangea 
taking  place  in  the  muscular  tissue  forming  the  chief  part  of  the  muscle,  is 
technically  cnWeiUifoittiriofion  of  the  muscle;  and  the  muscular  tissue  is  spoken 
of  as  a  contractile  tissue.  The  heart  is  chiefly  composed  of  muscular  tissue, 
diHeriug  in  certain  minor  features  from  the  muscular  tissue  of  the  skeletal 
mu8J.:Ie3,  and  the  beat  of  the  heart  is  essentially  a  contraction  of  the  muscular 
tissue  composing  it,  a  shortening  of  the  peculiar  muscular  fibres  of  which  the 
heart  is  chiefly  made  op.  The  movements  of  the  alimentary  canal  and  of 
many  other  organs  are  similarly  the  results  of  the  contraction  of  the  mus- 
cular tissue  entering  into  the  composition  of  those  organs,  of  the  shortening 
of  certain  muscular  fibres  built  up  into  those  organs.  In  fact,  almost  all  the 
movements  of  the  body  are  the  result  iA'  the  contractiou  of  muscular  fibres, 
of  various  nature  and  variously  disposed. 

Some  few  movements,  however,  are  carried  out  by  structures  which  cannot 
be  called  muscular.  Thus,  in  the  pulmonary  passages  and  elsewhere,  move- 
ment is  efiected  by  means  of  cilia  attached  to  epithelium  cells;  and  else- 
where, as  in  the  case  of  the  migrating  white  corpuscles  of  the  blood,  trans- 
ference from  place  to  place  in  the  body  is  brought  about  by  amceboid 
movements.  But  as  we  shall  see  the  cnanges  in  the  epithelium  cell  or 
white  ct)rpu8cle  which  are  at  the  bottom  of  ciliary  or  amu?boid  movements 
are.  in  all  probability,  fumlanientally  the  same  as  those  which  take  place  in 
a  muscular  fibre  when  it  contrncts :  they  are  of  the  nature  of  a  contraction, 
and  hence  we  may  speak  ni'  all  these  ns  different  forms  of  contractile  tissue. 

Of  all  these  various  forms  of  contractile  tissue^  the  skeletal  muscles,  on 
account  (if  the  more  complete  development  of  their  functions,  will  l>e  better 
studied  first;  the  others,  on  account  of  their  very  simplicity,  are  in  mai]y 
respects  less  satisfactorily  tiuderslood. 

All  the  ordinary  skeletal  muscles  are  connected  with  nerves.  We  have  no 
reason  for  thinking  that  they  are  thrown  into  coutraction,  under  normal 
conditions,  otherwise  than  by  the  agency  of  ner%'es. 

Muscles  and  nerves  being  thus  so  closely  alliefl.  nnd  having  besides  so 
many  properties  in  common,  it  will  conduce  to  clearness  and  brevity  if  we 
treat  them  together. 
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3ftisctiiar  and  Kervoas  IrriiabilUy, 

40.  The  skeletal  muscles  of  a  frog,  the  brain  and  spinal  con!  of  which 
hftTC  bean  destroyed,  do  not  exhibit  any  apontaneous  movementti  or  contrac- 
tioQA,  eveD  though  the  nerves  be  otherwise  f[uite  intact.  Left  uudlelurbed, 
th«  whole  body  may  decompose  without  any  contraction  of  any  of  the  skeletal 
muAcIeA  having  been  witnessed.  Neither  the  skeletal  muscles  nor  the  nerves 
distributed  to  them  possess  any  power  of  automatic  action. 

If,  however,  a  muscle  be  laid  bare  and  be  more  or  le^  violently  disturbed 
— if,  for  instance,  it  be  pinched,  or  touched  with  a  hot  wire,  or  brought  into 
cnnCJict  with  certain  chemical  substances,  or  subjected  to  the  action  of  gal- 
vanic currents — it  will  move,  that  is,  contract,  whenever  it  is  thus  disturbed. 
Though  not  exhibiting  any  spontaneous  activity,  the  muscle  is  (and  continues 
for  sometime  after  the  general  death  of  the  animal  to  be)  in'Uable.  Though 
it  remains  quite  quiescent  when  lefl  untouched,  its  powers  are  then  dormant 
only — not  absent.  These  require  to  be  roused  or  "stimulated"  by  some 
change  or  disturbance  in  order  that  they  may  manifest  themselves.  The 
■abatADccB  or  agents  which  are  thus  able  to  evolce  the  activity  of  an  irritable 
-Biascle  are  spoken  of  as  MmulL 

But  Ut  produce  a  contraction  in  a  muscle  the  stimulus  need  uul  be  applied 
directly  to  the  muscle;  it  may  he  applietl  indirectly  by  means  of  the  nerve. 
Thus,  if  the  trunk  of  a  nerve  be  pinched,  or  subjected  to  sudden  heat,  or 
dipped  in  certain  chemical  substances,  or  acted  upon  by  various  galvanic 
currents,  contractions  are  seen  in  the  muscles  to  which  branches  of  the  nerve 
are  distributed. 

The  nerve,  like  the  muscle,  is  irritable ;  it  is  thrown  into  a  state  of  activity 
by  a  stimulus;  but.  unlike  the  muscle,  it  does  not  itself  contract.  The 
stimulus  does  not  give  rise  in  the  nerve  to  any  visible  change  of  form  ;  but 
thai  changes  of  some  kind  or  other  are  set  up  and  propagatei^l  along  the 
Derre  down  to  the  muscle  is  shown  by  the  fact  that  the  muscle  contracts 
when  a  part  of  the  nerve  at  some  distance  from  itself  is  stimulateil.  lioth 
tutrre  and  musclt  arc  irritable,  but  only  the  muscle  is  contractile — /.  e.,  mani- 
fests its  irritability  by  u  contraction.  The  nerve  manifests  its  irritability  by 
transmitting  along  itself,  without  any  vii^ible  alteration  of  form,  certain 
nolecular  changes  set  up  by  the  stimulu;^.  We  shall  call  these  changes 
ftlras  propagated  along  a  nerve  "  ner\'ous  impulses." 

§41.  We  have  stated  above  that  the  muscle  may  be  thrown  into  contrac- 
tion? by  stimuli  applied  directly  to  itself.  But  it  might  fairly  be  urged  that 
the  contractions  so  produced  are  in  reality  due  to  the  fact  that  the  stimulus, 
•Jthuugh  apparently  applied  directly  to  the  muscle,  is,  after  all,  brought  to 
bear  on  some  or  other  of  the  many  fine  nerve- branches,  which,  as  we  shall 
see,  are  abundant  in  the  muscle,  passing  among  and  between  the  muscular 
fibres,  in  which  they  linaily  end.  The  following  facts,  however,  go  far  to 
prove  that  the  muscular  fibres  themselves  are  capable  of  being  directly 
stimulated  without  the  intervention  of  any  nerves;  When  a  frog  (or  other 
animal;  is  piisoued  with  urari.  the  nerves  may  be  subjected  to  the  strongest 
stimuli  witnout  causing  any  contractions  in  the  muscles  to  which  they  are 
distributed  ;  yet  even  oniinary  stimuli,  applied  directly  to  the  muscle,  readily 
eanse  coniractioni*.  If,  before  introtluciug  the  urari  into  the  system,  a  liga- 
ture be  pttSBcd  underneath  the  sciatic  nerve  in  one  leg — for  instance,  the 
right — and  drawn  tightly  round  the  whole  leg  to  the  exclusion  of  the  nerve. 
it  is  evident  that  the  urari.  when  injected  into  the  back  of  the  animal,  will 
gain  access  to  the  right  sciatic  nerve  above  the  ligature,  but  nut  below,  while 
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it  will  have  free  acce^  to  the  rest  nf  the  body,  including  the  whole  left 
aciatic.  If,  as  soon  aa  the  urari  has  taken  effect,  the  two  sciatic  nerves  be 
stimulated,  no  movement  of  the  led  leg  will  be  produced  by  Btimulating  the 
left,  sciatic,  whereas  strong  contraction?  of  the  muscles  of  the  right  leg  below 
the  ligature  will  follow  stimulation  of  the  right  sciatic,  whether  the  nerve  be 
stimulated  above  (tr  below  the  ligature.  Now,  since  the  upper  parts  of  both 
sciatica  are  equally  exposed  to  the  action  of  the  poison,  it  is  clear  that  the 
failure  of  the  left  nerve  to  cause  contraction  is  not  attributable  to  any  change 
having  taken  place  in  the  upper  portion  of  the  nerve,  else  why  should  not 
the  right,  which  has  in  its  upper  portion  been  equally  exposed  to  the  action 
of  the  poisfm,  also  fail?  Evidently  the  poison  acts  on  some  parte  of  the 
nerve  lower  down.  If  a  single  muscle  be  removed  from  the  circulation  {by 
ligaturing  its  bloodvessels),  previous  to  the  poisoning  with  urari,  that  muscle 
will  contract  when  any  part  of  the  nerve  going  to  it  is  stimulated,  though  no 
other  muscle  in  the  body  will  contract  when  its  nerve  is  stimulated.  Here 
the  whole  nerve  right  down  to  the  muscle  has  been  exposed  to  the  action  of 
the  pois<iu,  and  yet  it  has  lost  none  nf  its  power  over  the  muscle.  On  the 
other  hand,  if  the  muscle  be  allowed  to  remain  in  the  body,  and  ^o  be 
exposed  to  the  action  of  the  p(iison.  hot  the  nerve  be  divided  high  up  and 
part  connected  with  the  muscle  gently  liiled  up  l>efore  the  urari  is 
duoed  into  the  system,  so  that  no  blood  Hoyvs  to  it  and  so  that  it  is  prot 
from  the  influence  of  the  poison,  stimulation  of  the  nerve  will  be  found  to 
produce  no  contractions  in  the  muscle,  though  stinndi  applied  directly  to 
the  muscle  at  once  causes  it  to  contract.  From  these  facts  it  is  clear  that 
urari  poisons  the  ends  of  the  nerve  within  the  muscle  long  l>efore  it  atfects 
the  trunk  ;  and  it  is  exceedingly  probable  that  it  is  the  very  extreme  ends  of 
the  nerves  (possibly  the  end-plates,  or  peculiar  structures  in  which  the  nerve 
fibres  end  in  the  muscular  fibres,  for  urart  poisoning,  at  least  when  profound, 
causes  a  slight  but  yet  distinctly  recognizable  eflect  in  the  microscopic  ap- 
pearance of  these  structures)  which  are  affected.  The  phenomena  of  urari 
j>oisoning,  therefore,  go  far  to  prove  that  muscles  are  capable  of  being  made 
to  contract  by  stimuli  applied  directly  to  the  muscular  fibres  themselves;  and 
there  are  other  facts  which  support  this  view. 

?i  42.    When,  in  a  recently  killed  frog,  we  stimulate  by  various  meaos  an 
in  various  ways  the  muscles  and  nerves,  it  will  be  observed  that  the  mov 
ments  thus  pro<iiiced,  though  very  various^  may  be  distinguished  to  be 
two  kinds.     On  the  one  hand,  the  result  may  be  a  mere  twitch,  as  it  were, 
of  this  or  that  muscle;  on  the  other  hand,  one  or  more  muscles  may  remain 
shortened  or  contractetl  for  a  considerable  time — a  limb,  for  instance,  being 
raised  up  orstretcbeil  out,  nud  kept  raised  up  or  stretched  out  for  many 
seconds.     And  we  find,  upon  examination,  that  a  t^tinuilus  may  be  applied 
either  in  such  a  way  as  to  produce  a  mere  lwitch»  a  passing  rapid  contractioa 
which  is  over  and  gone  in  a  fraction  of  a  second,  or  in  such  a  way  as  to  kee] 
the  muscle  shortened  or  contnicled  for  as  long  a  time  as.  up  to  certain  limi 
we  may  choose.     The  mere  twitch  is  called  a  stiigle  or  simple  muscular  co 
traction  ;  the  sustained  contraction,  which,  aa  we  shall  see,  is  really  the  result 
of  rapidly  repeate*!  simple  contractions,  is  called  a  ictanie  contraction, 

i  43.  In  ortier  to  study  these  contractions  adequately,  we  must  have 
recourse  to  the  "graphic  method,"  as  it  is  called,  and  obtain  a  tracing  or 
other  record  of  the  change  of  form  of  the  muscle.  To  do  this  conveniently, 
it  is  best  to  operate  with  a  muscle  isolated  from  the  rest  of  the  body  of  a 
recently  killed  animal,  and  carefully  prepared  in  such  a  way  as  to  remain 
irritable  for  some  time.  The  muscles  of  cold-blooded  animals  remain  irri- 
table after  removal  from  the  body  far  longer  than  those  of  warm-blooded 
animals,  and  hence  those  of  the  frog  are  generally  made  use  of.     We  ahalJ 
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idj  presently  the  cnnditions  which  determine  this  maintenance  of  the  irri- 
ality  of  muscles  and  nerves  after  removal  from  the  body- 
A  muscle  thus  i$r.i|ated,  with  its  nerve  lef)  attached  to  it,  k  called  a 
mwftletwn'e  prejKtratiou.  The  moat  convenient  muscle  for  this  j>urpose  in 
the  firog  is,  j>erha|is,  the  gaAtrocuemiiis,  which  should  be  disaectea  out  so  as 
to  leave  carefu I ly  preserved  the  attachment  to  the  femur  above,  some  portion 
of  the  tendon  (teudo  Achillid)  below,  and  u  considerable  length  of  the  i«ciatic 
derre  with  its  branches  going  to  the  muscle.     (Fig.  11-) 

Fio.  II. 


A  MCWLfc-NtllVr  PKEPAR.moN. 

m.  Ite  muvU!.  vMlnHiiemlui  nf  trvg ;  u,  the  tclitlic  iterve,  all  the  brmnchw  UcUits  I'ul  nn«y  except 
tb*l  Mpfiljrliif  th«  mruicle;/.  fcrour:  el.,  rlamp;  <.  a..  tenUo  AchlllU:  «/>.  c.  md  of  spiiuU  cahaI. 

^  44.  Wo  may  Rpl>Iy  to  such  a  muscle-nerve  jireparation  the  various  kinds 
ckf  stimuli  spoken  ufabuve  ;  mechanicul,  such  as  prickiui^  or  pinching  ;  tber- 
mal,  such  as  sudden  heating  ;  chemical,  such  as  acids  or  other  active  chemi- 
ckI  vubstances.  or  electrical ;  and  these  we  may  apply  either  to  the  muscle 
di^*^ctIy  ur  lo  the  nerve,  thus  aflecting  the  muscle  indirectly.  Of  all  these 
•timuli  by  for  the  most  convenient  for  general  purposes  are  electrical  stimuli 
of  various  kinds ;  and  these,  except  for  special  purposes,  are  best  applied  to 
tbc  nerve,  and  not  directly  to  the  muscle. 

Of  electrical  stimuli,  again,  the  currents,  as  they  are  called,  generated  by 
a  voltaic  cell,  are  most  convenient,  though  the  electricity  generated  by  n 
rotating  mngnet,  or  that  produced  by  friction  may  be  employed.  Making 
o«e  of  n  cell  or  battery  of  cells— Daniell's,  Grove's,  Leclanch*',  or  any  other 
— we  must  distinguish  between  the  current  producefi  by  the  cell  itself,  the 
con^ani  eurrriti,  as  we  shall  call  it,  and  the  induceil  currrnt  obtained  from 
the  oon«tanl  current  by  means  of  an  induction  coil,  as  it  is  called;  for  the 
physiological  eflects  of  the  two  kinds  of  current  are  in  many  ways  different. 

Il  In  !  ipft,  be  worth  while  to  remind  the  reader  of  (he  followinK  facts  : 

Id  batter)-,  the  sidiMaiice  <plaii?  of  zinf.  fur  instauce)  which  is  acted 

DpoQ  .kij'^  <•_-.  M  lip  by  the  litjuid  i^  called  the  j>tim'tive  etouicnt.  and  iho  substance 
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which  is  not  ao  acted  upon  and  used  up  (plate,  etc,  of  copper,  platinum,  or  carbon, 
etc.)  is  culled  the  negative  elemenl.  A  ^Ivaoic  action  is  set  up  when  the  positive 
(zinc)  and  the  negative  (copper)  elements  are  connected  outside  the  battery  by 
some  oondiietiuj?  material,  bucIi  as  a  wire,  »nd  the  current  is  said  to  6ow  in  %  cir- 
cuit or  circle  from  the  zinc  or  positive  element  to  the  copper  or  negative  element 
imide  the  battery,  and  then  from  the  copper  or  ne^jative  element  back  to  the  zinc 
or  positive  element  through  the  wire  outsi'h  the  hfitttny  If  the  conducting  wire 
be  cut  through,  the  current  cea.«es  to  flow  :  hnt  if  the  cut  ends  be  brought  into 
C()ntact,  the  current  is  ret-tttAbUflhed  and  ountinnca  to  flow  ro  long  aa  the  contact 
is  good.  The  ends  of  the  wires  are  called  "  poles."  or  when  used  for  physiological 
purposes,  in  wliit'h  case  tliey  may  be  fashioned  in  various  wa5'B,  are  spoken  of  as 
efedmdes.  When  the  poles  are  brought  into  contact  or  are  connected  by  some 
conductin^e  material,  galvanic  action  is  set  up,  and  the  current  flows  tbrouj^h  the 
battery  and  wires;  this  is  spoken  of  as  "  making  the  current  "  or  "completing  or 
closing  the  circuit."  When  the  poles  are  drawn  apart  from  each  other,  or  when 
some  non-conducting  material  is  nitorpo.sod  hetween  then*,  the  galvanic  action  is 
arrested  ;  this  is  spoken  of  as'*  breaking  the  current "  or  "opening  the  circuit.''  The 
current  passes  from  the  wire  connected  with  the  negative  (copiicr)  element  in  the 
battery  to  the  wire  connected  with  the  pontive  (zinc)  element  in  tne  battery  ;  hence, 
the  pole  connected  with  the  copper  (negative)  element  is  called  the  posttive  pole,  and 
that  eonnecte*!  with  the  zinc  ((wsitive)  element  is  called  the  negative  pole.  When 
used  fi>r  physiol(»gical  purposes  the  positive  pole  becomes  the  positive  electrode, 
and  the  negative  pole  the  negative  electrode.  The  positive  electrode  is  of\en 
spoken  of  as  the  nnode  (ana,  up),  and  the  negative  electrode  a£  the  kath*>de  (kata, 
down). 

A  piece  of  nen^e  of  ordinary  length,  though  not  a  good  conduotor,  is  still  a 
conductor,  and  when  placed  on  the  electrtxles  completes  the  circuit,  pennitting 
the  current  to  pass  through  it ;  in  order  to  remove  thfi  nerve  from  the  influence 
of  the  current  it  must  be  lifted  off  from  the  electrodes.  This  is  ohviously  incon- 
venient :  and  hence  it  is  usual  to  arrange  a  means  of  opening  or  closing  the  cir- 
cuit at  some  point  ftlong  one  of  the  two  wires.  This  may  be  done  in  various  ways 
— by  fastening  one  part  of  the  wire  into  a  cup  of  mercury,  and  so  by  dipping  the 
other  part  of  the  wire  into  the  cup  to  close  the  circuit  and  make  the  current,  and 
by  hfim^'  it  out  of  the  mercury  to  open  the  circuit  and  break  the  current  ;  or  by 
arranging  between  the  two  parts  of  thci  wires  a  movable  bridge  of  good  con- 
duotiog  material,  such  as  brass,  which  can  be  put  down  to  close  the  circuit  or 
raibed  up  to  open  ttie  circuit ;  or  in  other  ways.  Such  a  means  of  closing  and 
opening  a  circuit,  and  so  of  making  or  breaking  a  current,  is  called  a  key. 

A  key  which  is  frequently  used  bv  physiologists  goes  by  the  name  of  Da  BoJs- 
Reymond's  key.  Though  undesirable  in  many  respects,  it  has  the  advantage  that  it 
can  Vkj  u.<icd  in  two  different  ways ;  when  arranged  as  in  A»  Fig.  VI,  the  brass  bridge 
of  K.  the  key.  being  down,  and  forming  a  means  of  good  conihicLion  between  tno 
brass  plates  to  which  the  wires  are  seruwed,  the  circuit  is  clo.'jcil  and  the  current 
passes  from  the  positive  pole  (end  of  the  negative  (eoppert  element)  to  the  i>osi- 
tive  electrode,  or  anode.  An.,  through  the  nerve,  to  the  negative  electrode,  or 
kathode,  K(it.,  and  thence  back  to  the  negative  pole  (end  of  the  positive  (zinc) 
element)  in  the  battery;  on  raising  the  Imiss  bridge,  the  circuit  la  opened,  the 
current  is  broken,  and  no  current  passes  through  the  electrodes.  When  arranged  as  in 
B.  if  the  brtu^s  bridge  be  'down,"  the  resistance  offered  by  it  is  so  small,  compared 
with  the  resistance  offered  by  the  nerve  between  the  electrodes,  that  the  whole 
current  from  the  battery  passes  through  the  bridge  back  to  the  battery,  and  none, 
or  only  an  inGnilesimal  portion,  passes  into  the  nerve.  When,  on  the  other  hand, 
the  bridge  is  raised,  and  so  the  conduction  between  the  two  sides  suspended,  the 
current  IS  not  able  to  pass  directly  from  one  side  to  the  other,  but  can  and  doea 
pass  along  the  wire  through  the  nerve  back  to  the  batter>-.  Hence,  in  arrange- 
ment A.  "putting  down  the  key,"  as  it  is  called,  makes  a  current  in  the  nerve, 
and  "raising"  or  "opening  the  key"  breaks  the  current.  In  arrangement  B, 
however,  nutting  down  the  key  diverts  the  current  from  the  nerve  by  sending  it 
through  tlie  bndge,  and  so  back  to  (he  battery  ;  the  current,  instead  of  making 
the  longer  circuit  through  the  elcclrodes,  makes  the  shorter  circuit  through  the 
key  :  hence,  this  is  called  "short-circuiting."  When  the  bridge  is  raised  the  cur- 
rent passes  through  the  nerve  on  the  electrodes.  Thus,  "pulling  down"  and 
"raising  "  or  " opening  "  the  key  have  contrary  effects  in  A  and  B.    In  B,  it  will 
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hm  •b*enr«U.  tlio  battery  is  always  at  work,  the  currcDt  ia  always  flowiog  either 
''"         [h  the  eWlrwies  (key  up)  or  thn:)»Kh  the  key  (key  down) ;  in  A,  the  battery 

ooi^  Work  until  the  circuit  is  made  oy  putting  down  the  key.  And  in  many 
caam  H  is  desirable  to  take,  so  to  speak,  a  sample  of  the  current  while  tlie  battery 
W  ia  full  swinfT,  rather  than  iust  as  it  bepina  to  work.  Moreover,  in  B  the  elec- 
ttodiaa  are,  when  the  key  is  <iown.  wholly  shut  off  from  the  current ;  whereas,  in 
A.  wben  the  key  ia  un.  one  electntde  is  »till  in  direct  connection  with  the  battery, 
■Dt)  ibiji  conneetion  leadinc  to  what  is  known  aa  unipolar  action,  may  give  rise  to 
^tituntntion  of  the  nerve.     Ilence  the  use  of  the  kev  in  the  form  B. 

Other  forms  of  key  may  be  used.  Thus,  in  the  Morse  key  (F,  Fig.  13)  contact 
is  made  by  pressinc  down  a  lever  handle  {ha);  when  the  pressure  is  removed,  the 
luuidle,  driven  up  by  a  sprinjc.  breaks  contact.  In  the  arrangement  Nhown  in  the 
fi^unt*  on«  wire  from  the  battery  bein^  brought  to  the  binding  .screw  ft.  while  the 
btadiofT  K'rew  *$  i»  connected  with  the  other  wire,  putting  down  the  handle^  makes 
MittectiuQ  between  ti  and  //.and  thus  maketi  a  current.  By  arrancing  the  wires 
IB  t]l«  MvenJ  binding  screws  in  a  dilTerent  way,  the  making  contact  by  depressing 
ibe  handle  may  be  used  to  short  circuit. 

Fic.  ]2. 


DuaKAM  or  Dc  BriL^USVXOKti  KKY  cseti— 
A, for  maklug  aud  breaking;  B,  for  Bhiirt-clrcultlug. 


In  ftB  ^induction  coil,"  Fig;^.  13  and  14.  the  wire  connecting  the  two  elements 
_  •  iMUaiy  is  twUt«d  at  s^nie  part  of  its  course  into  a  close  spiral,  called  the 
— *~'ffy  (totl.  Thus,  in  Fi(?.  13.  tne  wire  x'".  connected  with  the  copper  or  oegft* 
ale  rp.  of  the  batierv.  JC.  joins  the  primary  coil,  pf.c-,  and  then  passes  on 
—  ,  '\  through  the  '*key  '  J^,  to  the  positive  (zinc)  plate  s./».  of  the  batt«ry. 
Ov^  ibi»  primar>*  coil,  but  t^uite  unconnected  with  it,  slides  another  coil,  the 
mo^miifiry  oul,  ».r^  \  the  eud»  ot  the  wire  forming  thift  coil,  .v"  and  x".  are  con- 
tinoed  on  in  the  amngemcnt  illu.struted  in  the  fiKure  as  j/' and  .v,  and  as  x"  and 
2«  uhI  terminate  in  electrodes.  If  these  electrodes  lire  in  contact  or  connected 
wUli  ooudncting  material,  the  circuit  of  the  secondary  coil  is  said  to  be  closed ; 
oclMNwiw  it  i«o|»en. 

Id  atioh  an  arrangement  it  is  found  that  at  the  moment  when  the  primary  cir- 
ectit  is  dosed,  i.  r  .  when  the  primary  current  la  ''made,'  a  secondary  "induced  " 
cttmsDi  ia,  for  an  exceedingly  bric^  neriod  of  time,  set  up  in  the  secondary  ooil. 
Thus,  ID  Fig.  13.  when,  by  moving  tne  "key"  K  v'"  and  x'",  previously  not  in 
:ii>n  with  each  other,  are  put  into  connection,  and  the  primary  current  thus 
at  that  instant  u  current  appear*  in  t)ic  wires.  y^\x'',  etc..  but  aluioi^t  iiunie- 
&Aciy  diMippea.re.  A  sinidar  almost  iusiantaneous  current  is  also  developed  when 
tW  primary  rurren I  iH  "  brvikcn."  but  not  till  then.  So  long  a^  the  primary- cur- 
lovt  with  uniform  inten?)ity,  no  current  is  induced  in  the  secondary  coil.     It 
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DUGRA-V   iMlimtATINU   Al'l'ARATUs   AKKJLNOCI)  FOIC   EM'KKIMENTS  «ITH    Mi'NCLC   .\SV  XlKVE,^ 

A.  The  ninlflt  rlianibcr  c«3ntaiiitng  the  miiM'Io-nerve  pri'ptinitiori-  Tlie  iniiAoIe  m,  »up[iort«d  by  i 
cUmp  d.,  which  tlnnly  Kniep»  (he  cnt!  of  iho  femur  /,  Is  fimiiectcd  by  meanH  of  ibe  S-book  «  anil  H 
thrend  with  (he  lever  /.  placed  below-  the  moist  chftiuber.  The  nerve  «,  with  a  |>ortlon  of  the  Bpionl 
cotnmn  n'  still  ntutcbed  to  it.  Is  placed  on  the  electro-holder  d.  iu  contACi  with  the  wires  4?,  y.  Tbe 
whole  of  tbo  interior  of  the  glusB  cuse  gt.  is.  kept  satumteil  with  ntulnture,  uiid  tbe  electrode- bolder 
l9  siicoiMtriicted  thai  a  piece  of  moUtcned  hlottin^paper  timy  he  pIaoe<l  on  It  u-lthnut  enmliig  li 
cunCACi  with  the  nerve. 

B.  The  revolving  crlinder  beanng:  tbe  smoked  paper  on  which  the  le\er  wrltefu 
C  DuBois-Reyinoud's  key  arranged  for  ohort'Clrcuiting.   The  nrfnw  xandif  oftbeelectrode-l 
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-^hen  the  priumry  current  is  either  made  or  broken,  or  suddenly  varies 

1'  v.  that  a  current  Hp|ieiir»  in  the  secondare'  coil.     In  each  case  the  cur- 

rtii^  .- v.   very  brief  duration,  ^one  in  an   instant   almost,  and   may   therefore  be 

ifviik^n   of  a»  "a  shock."    an  induction  ^hock  ;   bein;;  cnllcl  a  "makinfr  shock," 

when  it  h  c«u»ed  by  the  making,  and  a  "breaking  shock,  "  when  it  it*  caused  by 

the  hrcakiof,  of  the  primary  circuit.    The  direction  of  the  current  in  the  making 

«h(jck  is  uppowd  tu  that  of  the  primar>'  current;  thus,  in  the  figure,  while  the 

pnmftry  current  flows  from  z'"  to  .r/",  the  induced  making  shock  flows  from  f/  to 

The  current  of  the  breaking  shuck,  on  the  other  hand,  flows  in  the  same 

tion   us   the   iirimarv  cunent  from  jrioiAand  is  therefore  in  direction  the 

r^-  of  the  making  shook.     Compare  Fig.  ]4.  where  axrangenieot  is  shown  in 

A  liuffTAUiiuaLio  manner. 

FtO.  14. 


UlAORAM  or  JkV  LKDllTION  COU.. 

>  t'^'^Unr  poU,  «n4  of  nvK*tlrc  elcimnit ;  —  Degativ«  pole,  end  of  poolUve  element  of  tMttery  ;  K, 
tnt  BetB-Vtafmaad't  key ;  pr-  c.  prlumrj-  ooU,  current  «bown  by  fofltbored  arrow  ;  «c.  e.  tcooudary  coil. 
vvrmti  abown  tj  Dnftatttered  arrow. 


Tb«  current  from  the  battery,  upon  Its  flrst  entrance  into  the  primary  coil,  as  it 
%mt»  along  each  twist  of  that  coil,  gives  rise  in  the  neighboring  twista  of  the 
coil  to  a  momentary  induced  current  having  a  direction  opposite  to  its  own. 
ao<J  tbcrefore  tending  to  weaken  itself.     U  is  not  until  this  '^t^eff-inductiuD  "  has 


thTDUfb  Umllng  scrvwi  Id  the  tlnor  of  tbe  moist  cbanitier  with  tbt<  wlrvii  r'.  v',  and 
tlH^aga  «rtkrert  In  thf  key,  4idl-  (in  either  ilde.  To  the  mmc  key  arc  attai?iicd  the  wlre«  y.  t/'. 
voaloff  ftos)  >  lar>  c<>(U  i.  e.  of  Ihe  iadaction-^oll  I>.    This  secondary  coll  ca.n  be  uiade  to 

•IM««|iaii<l  Itc  |>rimary  coil  f«r-  c.  u-lth  which  are  connected  tbe  two  wirra  j^'and  p'"  : 

^  ktctmtntLU-i  i.i^.Li,  with  nni;  pole— for  liiMftiice.  the  copper  pole  e.  p.  of  ibe  battery  £.-  i/*'l» 
eant«4  toablmtlnit  •u'rvvr.  t,  of  lUt;  Murvtr  kvy  >'.  mid  in  uoiitiuned  an  jr*'  (hiiu  another  binding 
•e«W,6.  nf  liw  key  lo  the  xinc  pole  r,  p.  of  \he  battery. 

tmpt»minti  everytblut  to  be  arranged,  and  the  bAttery  cbar^rd  :  on  depressing  the  handle  Ha.  of 
Am  Motw  key  >*,  »  current  vlU  Iks  mode  in  tbv  prlmar}'  vuil  j/r.  c,  passing  tmm  e.  p.  tbron^ih  y"  to 
yr.  e^  and  tbeuoe  Ibrough  y"  to  a,  tbenoe  to  b,  and  «i  tbrongh  yi*  to  :.  p.  On  rumorlDg  the  finger 
iba  iMUKlla  f>(F.n»pniit  thnutiup  the  handle,  und  the  prlmar)- circuit  Is  In  conseqncnce 
broken 

AUkftlnitonl  that  the  primary  mrrent  is  either  made  nr  bmken.  an  Inductxl  cnrrcnt  is  for  Ihe 
MMBfl  d«fvfc*|«r)  in  the  leciindary  cftU  t.  r  If  the  cro»-barA  In  the  Du  Bois-Keytnond's  key  be 
dM4iaa*linwn  In  lb<Mhlt-k  line  tn  iticflKurt?),  the  wirva^,  i*.  r,  ihe  nerve  bettveen  tbe  electrodes 
MlOw  wlnty.  y*.  y".  fonn  iheenmpleie  r«condary  clrcull,  and  Ihe  nerve  consequently  ciperleocet 
tMvaldng  InducUon-tbuck  whenever  tbe  primary  cnrreni  U  mode  or  broken.  If  tbe 
•if  Uw  tni  bnlft-Keyniond  key  t>e  ^hnt  down,  a-^  In  tbe  dotted  tine  A' In  the  fi^re.  the 
•  of  Uw  cmas-bar  li  to  slight  compared  with  that  of  tbe  uer\*c  and  of  the  wires  going  from 
Xtm  tmf  lo  tt*  iwrffe.  Uast  tbe  whole  aeoondary  dndnced}  current  (Hissen  from  jr"  to  y"  (or  from  y"  to 
1^  criMi  iKf.  and  pmotically  none  [Muse*  into  the  nenre.  The  nerve,  being  tha«  "tbort- 
ta  not  mS^etma  by  any  clunges  In  the  cnrivnL 
TW  igm  i«  Inuaded  meroly  to  lUofinste  the  seoenil  method  of  itudyiog  moiicular  cunlmetlon  ; 
H  la  M«  to  h«  SMpiwMil  thai  the  detolk  here  glren  are  anivenally  odupted.  or.  Indeed,  tbe  beat  for 
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MSfied  off  thai  the  current  in  the  primary  coi!  in  csUUishcd  in  its  full  sireogtl 
Owing  to  this  di^lay  in  the  full  ej4tal>li^huient  of  the  current  in  the  primary  coil, 
the  induced  current  in  the  hccimdary  coil  is  developed  uiore  slowly  than  it  would 
be  were  no  such  "t^elf-induetion"  presonl-  On  the  other  hand,  when  the  current 
frum  the  battery  is  "  bruken  "  ur  "shut  off"  irom  the  pritimr)'  coil,  nu  such  deUj 
is  offered  to  its  disappearariL-e,  and  con)*e<iuetitly  the  induced  current  in  the  »ecoi 
arj'  coil  is  developed  with  unimpeded  rapidity.  We  i*halt  see  later  on  that 
rapidly  developed  currenl  is  more  effective  as  a  stimidus  than  is  a  more  slowly' 
developed  current.  Hence  the  making  shock,  where  rapidity  of  production  ia 
interfered  with  by  the  Belf-ioduction  of  the  primar>'  coil,  is  less  effective  as  a 
stimulus  than  the  breaking  shock  whose  developmeut  is  not  thuj*  interfered  with. 

The  slrenmth  of  the  induced  current  depends,  on  the  one  hand,  on  the  strenf;th 
of  the  current  passing  through  tlte  jsrimaiy  coil— that  is^  on  the  strength  of  the 
batterj'.     It  also  depends  on  the  relative  position  uf  the  two  euils.     Thus  aaee-jud- 
ary  coil  is  broui,4it  nearer  and  nearer  to  the  primary  coil  and  made  to  overlap  it 
more  and  more;  the  induced  current  becomes  stronger  and  Htron^er,  thouch  the_ 
current  from  the  buttery  remains  the  tsame.     With  an  ordinary  battery,  tne  seOm 
oudary  coil  may  be  pushed  to  bome  distance  awuy  i'rum  the  primar>'  coil,  and  yefl 
shocks  sufficient  to  etimulatc  a  muscle  will  he  ubtiiined.    For  this  purpose,  how- 
ever, the  two  coils  should  be  in  the  same  line  ;  when  the  secondary  coil  i»  placed 
orosawise.  at  right  angles  to  the  primary,  no  induced  current  is  developed,  and 
intermediate  angles  the  induced  current  has  tutermediate  strengths. 

FlO.  15. 


The  &UaNBTic  l»T£UKunoiL 

When  the  primary  current  Is  repeatedly  and  rapidly  made  and  broken,  tl 
secondary  current  being  developed  with  each  make  and  with  each  break,  a  rapidl 
recurring  series  of  alternating  currents  is  developed  in  the  secondary  coil  ai 
passes  through  it^  elcctrudcs.  Wc  shall  frequently  s|ieak  of  this  as  the  interrupu 
induction  current,  or  mure  briefly  the  iuterrupted  cuiTeut ;  it  is  sometimes  spoki 
of  as  the  faradic  current,  ami  tl:e  sipplicaliun  of  it  to  any  tissue  is  spoken  of 
faradization. 

Such  a  repeated  breaking  and  making  of  the  primary  current  may  bo  effects 
in  many  various  ways.  In  the  instruments  cximmonly  used  for  the  purpase.  thft"* 
primary  current  is  made  and  broken  by  means  of  a  vibrating  steel  slip  working 
acainst  a  mngnei ;  hence  the  instrument  i^  called  a  magnetic  intemiptor.  Si 
Fie.  15. 

The  two  wires  x  and  y  from  tlie  battery  are  connected  with  the  two  brass  pilloi 
n  and  d  by  means  of  screws.  Directly  contact  is  thus  made  the  current,  inaicaK 
in  the  figure  by  the  thiik  interrupted  line,  passes  in  the  direction  of  the  arroi 
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mp  tb«  pillar  ri,  alon^  the  steel  sprtojc  b,  as  far  a.<^  the  screw  c.  the  point  of  which, 
Ijirmed  with  platinuiu,  is  in  contact  with  a  small  platinum  plate  on  />.     The  cur- 
■•^-^--^  from  h  through  v  and  a  connecting  wire  into  the  primary  coil  p.     Upon 
[It-  /  into  the  primary  coil,  an  induced  (making;)  current  is  for  the  instant 

d-  in  the  secondan'  coil  (not  nhown  in  the  figure).      From  the  primary 

f  >i  n-ui  parses,  by  a  connecting  wire,  through  the  double  spiral  m,  and, 

di  ^    <;:    tuippen,  would  continue  to  pass  from  m  by  a  connecting  wire  to  the 

pilUr  li,  and  so  by  the  wire  ,y  to  the  battery.    The  whole  of  this  oour>te  is  indicated 
oy  the  thick  interrupted  line  with  its  arroW8. 

Fio.  16. 


Tkb  Macvctic  IimuunvrroR 
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\a  tho  current,  however,  passes  thmugh  the  spirals  m.  the  iron  cores  of  these 
srv  made  makgnettc.  They,  in  consequence,  draw  down  the  iron  bar  t\  fixed  at  the 
en^l  of  ih«  AftrinK  /<,  (he  flexibility  of  the  spring  alluwins;  this.  But  when  e  is 
drawn  down,  the  platinum  plate  nn  the  upper  surface  of  h  is  also  drawn  away 
fron  the  wrew  r,  and  thus  the  current  U  "  broken  "  at  />.  (Sometimes  the  screw/ 
ii  so  arrank'iHl  that  when  r  is  drawn  down  a  platinum  |>lat«  on  the  under  surface  of 
h  w  bniuizht  intti  contact  with  the  plaiinuui-uruied  point  of  tlie  screw  /.  The  cur- 
reat  ibt^n  i«i»w»  from  h.  not  to  t.  but  to/,  and  so  down  the  i)illar  (/,  in  the  direction 
ia^OUcd  by  the  thin  interrnpted  line,  and  uut  to  the  battery  by  the  wire  .v.  and  is 
thiW  evtoff'  fp^ra  the  primur^' coil.  But  this  urran:jement  \a  unnecessar>*.)  At 
rlif»  inMsrit  that  the  current  is  thus  broken  and  .■*»  cut  off  from  the  primarj'  coil, 
ft'i  induced  (breaking)  current  is  for  the  moment  developed  in  the  secondary  coil. 
Bui  the  cunrni  is  cut  off  not  only  from  I  he  primarj'  coil,  but  olso  from  the  spirals 
m,  ID  oonsef4uer»ce.  their  cores  cciu«  to  bo  magnetized,  the  bar  e  ceases  to  be 
sttrvrtH  by  them,  ond  tlie  spring  /*,  by  virtue  of  its  ela.sticity.  resumes  its  former 

K't  ■  ict  with  the  screw  c.     This  return  of  the  Bpnng,  however,  reeetab- 

:r  )it  in  tlie  primary  coil  and  in  the  spirals,  and  ttie  spring  is  drawn 

dovftf  U*  U^  r*  lca*-cd  once  more  in  the  same  manner  as  before.  Tnus,  as  long  as 
1^  enrrftiii  i-^  pii'-sinif  along  x.  the  tM>ntai't  of  h  with  r  is  alternately  being  made 
ami  t  '  I  ihu  L-urrcnt  ia  constantly  passing  into  and  being  shut  off  from  p. 

%h^  \  :iltcrtialion  being  determined  by  the   periods  of  vibration  of  the 

<prittg  '■  ^S  ith  each  pas*age  o\'  the  current  intu,  or  withdrawal  from  the  primiuy 
cofl,  an  induf^  (making  and,  res|>ectively,  breaking)  current  is  developed  in  n 
aeeo«MUry  ct»il 

A*  ihtu  naed.  each  '^makitig  shock."  as  explained  above,  is  less  powerful  than 
il»«  aampoodiog  *' breaking  shook  :  "  aod.  indeed,  it  sometimes  happens  that 

n 
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instead  of  each  make,  a.«i  well  as  each  break,  acting  as  a  stiuiiiUu.  giving  rise  to  a 
contmctiun,  the  "breaks"  only  are  effective,  the  several  "makea"  giving  rise  to 
no  contmeiion. 

But  what  is  known  as  Holmholtz's  arrangement  (Fi;;.  IG).  however,  the  making 
and  breaking  ehuvks  tuuy  hv  vtiuulizcd.  Fur  this  piirpose  the  bcrow  c  is  raised  out 
of  reucb  of  the  excaraioiis  of  the  HpriiiK  />,  aud  a  moderately  thick  wire  u\  offering 
a  certain  aumunt  only  of  resistance,  in  interposed  between  the  upper  binditijr  wrew 
«'on  the  pillar  </,  and  the  binding  si-rew  r' leadinp  to  the  primary  coil.  L'nder 
these  arrangements  the  current  fK>m  tfin  battery  pat^ses  throupn  a^,  alon^  the  inter- 
posed wire  to  c^,  through  the  primary  ruil,  and  thus,  as  hel'orc.  to  m.  Aa  before,  by 
the  magneiiaiu  of  m,  t:  Ih  draivu  down  iitid  '*  fuou>:lit  in  contact  with  /.  A»  the 
result  of  this  coutuul,  ttie  current  IVoui  the  haltery  c^ari  now  pass  by**,/,  aud  tl 
(shown  by  the  thin  interrupted  line),  back  to  the  battery,  but  not  the  whole  of 
the  current,  siouie  of  it  can  ^lill  \jAi*»  alone  the  wire  w  to  the  jmniary  e;oil,  the  rela- 
tive amount  heinjj  deternunod  by  the  relative  rctfistancc  offered  by  the  two  courses. 
Hence  at  each  successive  niaiifiotizution  of  m,  the  currorit  in  thu  pritnary  coil  does 
not  entirely  disappear  when  f)  is  brought  in  contact  with  /:  it  is  only  so  far  dimin- 
ished that  //*  ccuaes  to  attract  f,  and  hence  by  the  release  of  fj  from  /  the  whole 
current  once  more  passes  along  Tr.  Since,  at  whut  corresponds  to  the  **break" 
the  current  in  the  primary  coil  la  diminished  only,  not  absolutely  done  away  with, 
self-induction  makes  its  appearance  at  the  '"  break  '  as  well  as  at  the  "'  make  ;  " 
thus  the  "  breaking  "  and  "  making  "  induced  currents  or  shocks  in  the  secondary 
coil  are  equalized.  They  are  both  reduced  to  the  lower  efficiency  of  the  "mak- 
ing" shock  in  the  old  urrungement ;  hence  to  produce  the  same  strength  of 
stimulus  with  this  arrangemenL  a  stronger  current  must  be  applied  or  the  sec- 
ondary ooil  pushed  over  the  primarj*  coil  to  a  greater  extent  than  with  the  other 
arrangemeot. 


The  Phenomena  of  a  Simple  Muscular   Contraction. 
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S45.  If  the  far  end  of  the  nerve  of  a  muscle-nerve  preparation  (Figs. 
11  and  I'Vi  be  laid  on  electrodes  connected  witli  the  secondary  coil  of  au 
induction-nmchine,  the  pas^^ge  of  a  single  indiiction-shtwk,  which  may  be 
taken  as  a  convenient  form  of  an  almost  momentary  stimulus,  will  pnwluce 
no  visible  change  in  the  nerve,  but  the  muscle  will  give  a  twitch,  a  short, 
sharp  contrnotion,  i.  e.,  will  for  an  inptant  .'shorten  itself,  becoming  thicker 
the  while,  and  then  return  lu  its  jtrevious  coiiditton.  If  one  end  of  the  muscle 
he  attached  to  a  lever,  while  the  other  is  fixed,  the  lever  will  by  ita  move- 
nienls  indicate  the  extent  and  duration  of  the  shortening.  If  the  point  of 
the  lover  be  brought  to  benr  on  some  rapidly  travelling  surface,  on  which  it 
leaves  a  mark  (being  for  this  purpose  armed  with  a  pen  and  ink  if  the  sur- 
face be  plain  paper,  or  with  a  bristle  or  finely  pointed  piece  of  platinum  foil 
if  the  surface  be  smoked  glass  or  impor},  so  long  a.*  the  muscle  remains  at 
rest  the  lever  wtU  describe  au  even  line,  which  we  may  call  the  base  line. 
If,  however,  the  muscle  shitrlens  the  lever  will  rise  above  the  base  line  and 
thus  describe  some  sort  of  curve  above  the  base  line.  Now  it  is  found  that 
when  a  single  iuductian-shock  is  sent  through  the  uerve  the  twitch  which  the 
muscle  gives  causes  the  lever  to  describe  some  such  curve  aa  that  shown  in 
Fig.  17;  the  lever  (after  a  brief  interval  immediately  succeeding  the  open- 
ing or  shutting  the  key,  of  which  we  shall  speak  presently)  rises  at  tirst  rapidly 
but  afterward  more  slowly,  showing  that  the  muscle  is  correspondingly 
shortening;  then  ceases  to  rise,  showing  that  the  muscle  is  ceasing  to  grow 
shorter;  then  descends,  showing  that  the  muscle  is  lengthening  again,  and 
finally,  sooner  f>r  later,  reaches  and  joins  the  base  line,  showing  that  the 
muscle  after  the  ^ln^rtening  has  regained  its  previous  natural  growth.  8uch 
a  curve  described  by  a  muscle  during  a  twitch  or  simple  muscular  contrac- 
tion, caused  by  a  single  induction  shock  or  by  any  other  sliniulus  pmducing 
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Um  «ub«  effecU  is  called  a  curve  of  a  simple  muscular  contraction,  or  more 
•bortlr»  A  *' mu«clo-curve."  It  is  obvious  thai  the  exact  form  of  the  curve 
deserioed  by  identical  contractions  of  a  muscle  will  depend  on  the  rapidity 
wUfa  which  ihe  recording  surface  is  travelling.  Thus  if  the  surface  be  travel- 
linfl  slowly  the  up-stroke  corresponding  to  the  shortening  will  be  very  abrupt 
mad  the  down  stroke  also  very  eteep,  as  in  Fig.  18,  which  is  a  curve  from  a 
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imrLM.-<xnvr.  ruou  thi  QASTaocxmxcn  op  the  Fiton.    Thlsctin-c,  like  nU  succeeding  ones, 
iOCtenrl«L*  iiiJlcjiteil.  In  tobtt  rmd  fram  left  to  right—that  letou^.  white  the  lercrand  tunlng- 
i>tjitJonar7  tti«  recording  lurCue  wu  trBveUlng  from  Tight  to  left. 
« Indl^lM  tbt*  moment  ftt  which  the  IndactloH'Sbock  U  aent  {nio  the  nenre,  h  ttM  oommtinGcmeni , 
9  %tm  iiMLSlBam.  •[»]  <<  the  cloce  of  ibe  coiitrACtlon. 

tb«  aiuiclv-ciirv*  !•  the  ourre  dr«w  n  by  *  tunlDg-fork  makhiK  100  double  vlbrstiuDi «  woond, 
cnmtileu  cnrre  repreeeotlng  therefore  niic-hnndredth  of  a  second. 


eAfttrocnemius  muscle  of  a  frog,  taken  with  a  slowly  moving  drum,  the 
1  Mug-fork  being  the  same  as  that  used  in  Fig.  17;  indeed,  with  a  very  slow 
voment,  the  two  may  be  hardly  separable  from  each  other.  On  the  other 
r  and,  if  ibe  surface  travel  very  rapidly  the  curve  may  be  immediately  long 
•Jrawn  out,  as  in  Fig.  li*,  which  is  a  curve  fr»>m  a  gastrocnemius  muscle  of 
a  frog,  taken  with  a  very  rapidly  moving  pendulum  monograph,  the  tuning- 
fork  murkiug  about  o()0  vibrations  a  second.  On  examination,  however,  it 
will  be  found  that  both  these  extreme  curves  ore  fundamentally  the  same  as 
ihe  medium  one,  when  account  is  taken  of  the  different  rapidities  of  the 
tntrelling  surface  in  the  several  cases. 

Id  <vrder  to  make  the  "  muscle-curve  "  complete,  it  is  necessary  to  mark 

*MV  the  recording  surface  the  exact  time  at  which  the  induction  shock  is  sent 

'it>rve,  and  also  to  note  the  speed  at  which  the  recording  surface  is 


in  the  pendulum  myograph  the  rate  of  movement  can  be  calculated  from 
the  length  of  the  pendulum  ;  but  even  in  this  it  is  convenient,  and  in  the 
of  the  spring  myograph  and  revolving  cylinder  is  necessary,  to  measure 
the  rate  i»f  movement  directly  by  means  of  a  vibrating  tuning  fork,  or  of 
•ntne  body  vibrating  regularly.  Indee«l  it  is  best  to  make  such  a  direct 
jDnimremeut  with  each  curve  that  is  taken. 

A  tuning-fork,  as  is  known,  vibrates  so  many  times  a  second  according  to 
tch.     If  a  tuning-fork,  armed  with  a  light  marker  on  one  of  its  prongs 

ribraiiog  say  lfK>  a  second — i.  «.,  executing  a  double  vibration,  moving 

forward  and  backward,  100  times  a  second — be  brought  while  vibrating  to 
make  a  tracing  on  the  recording  surface  immeiliately  l>elow  the  lever  belong- 
ing  to  ibe  muscle,  we  can  use  the  curve  or  rather  curves  described  by  the 
tuning-fork  to  meib*ure  the  duration  of  any  part  or  of  the  whole  of  the  mus- 
dociinrc  It  is  essential  that  at  .starting  the  pftint  of  the  marker  of  the 
DC-fork  should  be  exactly  underneath  the  marker  of  the  lever,  or  rather, 
ttne  point  of  the  lever  as  it  moves  up  and  down  describes  not  a  straight 
but  an  iin*  nf  n  rircle  of  which  its  ftdcrura  is  the  centre  and  itself  (from 
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the  fulcrum  to  the  tip  of  the  marker)  the  radius,  that  the  point  of  the  marker 
of  the  tuniug-fork  should  be  exactly  on  Ihe  arc  described  by  the  marker  of  the 
lever,  either  above  or  below  it,  as  may  prove  most 
^'*'-  *^-  convenient.      If,  then,  at    starting    the    tuning-fork 

marker  be  thus  on  the  arc  of  the  lever  marker,  and 
we  note  on  the  curve  of  the  tuning-fork  the  place 
where  the  are  of  the  lever  cuts  it  at  the  beginning 
and  at  the  end  of  the  mviscle-curve,  as  at  Fig.  17, 
we  can  count  the  number  of  vibrations  of  the  tuning- 
fork  which  have  taken  place  between  the  two  marks, 
and  so  ascertain  the  whole  time  of  the  muscle-curve ; 
if,  for  instance,  there  have  been  10  double  vibrations, 
each  occupying  ^^  second,  the  whole  curve  has  taken 
1^  second  to  make.  In  the  same  way  we  can  measure 
the  duration  of  the  rise  of  the  curve  or  of  the  fall,  or 
of  any  part  of  it. 

Thuugh  lUc  tuning-fork  may,  by  simply  striking 
it.  be  set  going  long  enough  for  the  purposes  of  an 
observation,  it  is  convenient  to  keep  it  going  by  means 
of  an  electric  current  and  a  mflgnet,  very  much  as 
the  spring  in  the  magnetic  inlerruptor  (Fig.  15)  is 
kept  going. 

It  is  not  necessary  to  tise  an  actual  tuning-fork; 
any  rod,  armed  witli  a  marker,  which  can  be  made  to 
vibrate  regularly,  and  whose  time  of  vibration  is 
known,  may  be  used  for  the  purpose;  thus  a  reed, 
made  to  vibrate  by  a  blubt  of  air,  is  sometimes  em- 
ph<yed. 

The  exact  moment  at  which  the  induction  shock  is 
thrown  into  the  nerve  may  be  recorded  on  the  muscle- 
curve  by  means  of  a  "  signal/*  which  may  be  applied 
in  various  ways. 

A  large  Bteet  lever  armed  with  a  marker  is  arranged 

rtver  a  Mnall  i^nil  by  means  of  n  li^ht  spriDs;  in  such  a 
way  I  hat  when  the  euil  by  the  passage  of  a  current 
ihiou;*!)  it  becuiiieH  Ji  mapiiet  il  pulls  the  lever  down  to 
itself;  OH  the  current  bein^  broken,  and  the  magnetiziitioo 
ol  the  coil  ceasiuji;,  the  lever  by  help  of  the  spring;  flies 
up.  Tlio  marker  of  such  a  lever  is  placed  Imuicdiaiely 
under—/,  r.,  at  huuk'  point  on  the  arc  described  by— the 
marker  ol  ihe  uiusele  (ur  other)  lever.  Hence  by  making 
a  current  iu  ilie  ciiil  and  putting  the  sijrnal  lever  down, 
or  by  breaking  an  alruiiJy  existing  current,  and  letting 
the  tjignal  lever  tly  up,  we  can  make  at  pleasure  a  mark 
coirespouding  to  any  part  we  please  of  the  muscle  (or 
other)  curve. 

If,  in  order  to  magnetize  the  coil  of  the  signal,  we  use, 
aa  we  may  do,  the  primary  current  which  generates  the 
induction-HlnHik,  tlie  breaking  or  making  of  the  primary 
current,  whichever  we  use  to  prttduce  the  induction- 
sliuok.  will  make  the  aipnal  lever  fly  up  or  come  down. 
Hence  we  sball  have  on  the  reoorili!)g  surface,  under  the 
muscle-,  a  mark  indicating  the  exact  moment  ai  which 
the  primary  rtirrent  was  broken  or  made.  Now  the  time 
taken  uji  by  the  ijcncration  ol'  the  induced  current  and  its 
passage  into  the  nerve  between  tliu  electrodes  is  su  intiuiteatnially  small,  that  we 
may,  without  appreciable  error,  take  the  moment  of  the  breaking  or  making  of 
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TUK  PKMDVLUM  MTtlGRArn. 

U  Ala^n'^'iu'^tl''-'  ^^^  (rcAaiiUiilx  only  of  the  iiiKtnmi«iil  Iwiiiif  nlwiuti.    The  smoked  glas 

vllh  tbt  pendulum  if  ou  carvruilradjuitod  be«rlD^«t  C.  TbccontrlTftncMbgrwtilcli 

fiUibe  caiii  bo  removwl  und  raplnocd  Kt  plcanue  are  not  ihown.    Ateoond  gUasplAtflW 

ih*i  Um<  flntt  g\Mim  {AnUi  may  he  movnl  upand  down  withnnt  Altering  tbeiwlng  of  the  ivii- 

'•■*\.    B«fore  comraencinf;  an  experiment  the  pendulum  la  raiaod  np  (in  tb«  flgurs 

'  kept  In  itiAt  podilon  by  the  Uxitha  catcbhiRon  [besprlnff-catcbA.  Ondeprefltfng 

r.  ntv  ^i«-«  plat*  U  «rt  tne,  tnlnfi  iutn  the  new  povlrlcoi  Indicated  by  the  dntted  Unea.  and 
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the  primary  cuiTent  as  (lie  uionieut  of  the  entrance  of  the  induction- shock  into  the 
nerve.  Thus  we  can  mark  below  the  muscle-curve,  or  by  describing  the  arc  of 
the  muscle  lever,  on  the  inuBole-curre  it«elf,  the  exact  moment  at  which  the 
induction-Bhi>ck  falls  into  the  nerve  between  the  electrode.^,  as  in  done  at  a  in 
Fifffi.  17,  18,  VX 

In  the  pendulum  myugraph  n  separate  signal  is  not  Deeded.  If,  havtOK  placed 
the  muscle  lever  in  the  pwition  in  which  we  intend  to  make  it  record,  wo  allow 
the  glafifl  plate  tu  descend  until  the  tooth  ti'  just  touches  the  rod  r  (so  that  the  rod 
IB  jast  about  to  be  knocked  down,  ami  so  break'  the  prituary  circuit!  aud  make  on 
the  base  line,  which  is  meanwhile  bein>?  described  by  the  lever  marker,  a  mark  to 
indicate  where  the  point  of  the  marker  is  under  these  circumstances,  and  then 
bring  back  the  plate  to  its  proper  po.«ition»  the  mark  which  we  have  made  will 
mark  the  moment  of  the  breaking  of  the  primary  eireuic.  and  so  of  the  entrance 
of  the  induction^shock  into  the  nerve.  For  it  is  just  when,  as  the  glass  plate 
swings  down,  the  marker  of  the  Ecver  comes  to  the  mark  which  we  have  made 
that  the  rod  c  is  knocked  back  and  the  primary  current  is  broken. 

A  "signal*'  like  the  above,  in  an  iniprnvetl  form  known  as  Despretz's,  may  be 
used  also  to  record  time,  anJ  thus  the  awkwardness  of  bringing  a  large  tuning- 
fork  up  to  the  recording  surface  obviated-  For  this  purpose  the  signal  is  intro- 
duced into  a  circuit  the  current  of  whicli  is  contiiiiiatty  being  made  aud  broken 
by  a  tuning-fork  {¥ig.  21).  The  tuning-fork  once  ^et  vibrating  continues  to  make 
and  break  the  current  at  each  of  its  vibrations,  and  as  stated  above  is  kept  vibrat- 
ing by  the  current.  But  each  make  or  break  caused  by  the  tuning-fork  affects 
also  the  small  coil  of  the  signal,  causing  the  lever  of  tlio  signal  to  fall  down  or  fly 
up.  Thus  the  signal  describes  vibration  curves  synohrtmous  with  those  of  the 
tuning-fork  driving  it.  The  sii^nal  may  similarly  be  worked  by  means  of  vibrating 
agents  other  than  a  luuing-fork. 

^'arious  recording  surfaces  may  be  used.  The  form  most  generally  useful  is  a 
cylinder  covered  with  smoked  paper  and  made  to  revolve  by  clockwork  or  other- 
wise ;  such  a  cylinder  driven  by  clockwork  is  shown  in  Fit.  13,  B.  By  using  a 
cylinder  of  largo  radius  with  ade(|uato  gear,  a  high  speed  for  instance,  in  a  second. 
can  be  obtained.  Iti  the  ^/^nVi/?  niijofjr'tph  a  amakea  glass  plate  is  thrust  rapidly 
forward  along  a  groove  by  means  of  a  spring  suddenly  thrown  into  action.  In  the 
veinluhiiH  myograph.  Fig.  20.  a  smoked  glass  plate  att-achcd  to  the  lower  end  of  a 
long  frame  swinging  tike  a  pendulum,  is  suddenly  let  go  at  a  certain  height,  and 
so  swings  rapidly  through  an  arc  of  a  circle.  Ihe  disadvantaRC  of  the  last  two 
methods  is  that  the  surface  travels  at  a  continually  changing  rate,  whereas,  in  the 
revolving  cylinder,  careful  construction  and  adjustment  will  secure  a  very  uniform 
rate. 

§  46.  Having  thus  obtained  a  time  record,  and  an  indication  of  the  exact 
moment  at  which  the  induction-shock  falls  into  the  nerve,  we  may  for  present 
purposes  consider  the  muscle-curve  complete.  The  study  of  such  a  curve, 
as  for  instance  that  shown  in  Fig.  17^  taken  fnjm  the  gastrocnemius  of  a  frog» 
teaches  us  the  following  facts: 

1.  That  although  the  passage  of  the  induced  current  from  electrode  to 
electrode  is  practically  instantaneous,  its  etfect,  raeaanred  from  the  entrance 
of  the  shock  into  tlie  nerve  to  the  return  of  the  muscle  to  its  natural  length 
after  the  shortening,  takes  an  appreciable  time.     In  the  tigure,  the  whole 


la  held  in  that  poslUun  l>y  tlio  tooUi  a'  catobtng  on  the  caich  V.  In  ibe  oouree  of  \\»  swln?  the  tootb 
o'  comiUK  111  coiitaci  u  Itb  th«  projecting  ste«l  rod  c,  kiiockit  It  un  one  side  Into  the  imikIUuu  iuillcated 
by  Ute  dolte«l  Iint>  r*.  The  md  c  Is  Id  electric  continuity  with  the  wire  x  of  the  primary  t-oll  of  an 
ioduccion-maebloo.  Tbv  screw  d  is  similarly  In  I'lccirlc  continuity  with  the  wire  y  of  the  mine  pri- 
mary colt.  The  screw  d  and  the  rod  c  are  arniod  unth  platinum  nl  the  points  at  which  they  are  in 
onntact,  and  both  are  inifnlaled  by  meana  of  the  ebonite  block  r.  Ah  Uxig  ax  r  and  d  are  In  oontact 
the  circuit  of  the  primary  coil  to  which  x  and  y  belong  1b  cUi^ed.  When  In  Its  nwiog  the  tootb 
a'  knocks  c  nway  frocn  d,  at  that  Instant  the  circuit  is  broken,  ant!  a  "breaking"  8h<iok  is  seat 
throogh  the  electrudeo  connected  wUh  Ihe  wcondar>'  coll  of  the  machine,  and  ao  throDgb  the 
nerve.  The  lorer  (,  the  end  only  of  which  la  nhowu  In  the  figure,  l^  brought  to  bearoa  the  glaaa 
pl«.te,  aud  when  at  rest  dem-tilir*^  n  pimlght  line,  or  timre  exactly  an  arc  of  h  circle  of  large  radlltf. 
Tbe  tnnlng'fork  /.  the  end»  only  of  the  two  tirabn  of  which  are  -hown  In  the  llgare  i^ced  liotno> 
diately  below  tbe  lever.  Mrres  to  mark  the  time. 
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inre  from  a  to  d  takes  up  about  the  same  time  aa  eleven  double  vibrations 
;Oi'  th«  lunioelork.  ^inre  eurh  double  vibruiiou  here  represents  10<>lh  of  a 
MC0O<i.  the  nuration  of  the  whole  curvr;  is  rather  more  than  -^  second. 

S.  Id  the  first  portion  of  this  period,  from  a  to  b,  there  ia  no  visible 
dumge,  DO  raisitijET  of  the  lever,  no  shortening  of  the  muscle. 

3.  It  is  not  uDlil  b,  that  is  to  say.  after  the  lapse  of  about  iOOtb  second,  that 
tht  fthortening  begins.     The  shortening  as  shown  by  the  curve  is  at  tirst  alow, 
bat  soon  becomes  more  rapid,  and   ilien  slarkens  again   until  it  reaches  a 
turn  at  c ;  the  whole  shortening  occupying  rather  more  than  yj^  seoond. 


Fic.  31. 


DtAttiuM  or  AK  Am&A^fOKMtvr  or  a  Vibkattkg  Tirm»ci-roRK  uitr  a  Ddparrz  8ig!*ai.. 

TWmirrmtl  flown  alfiotc  the  ulre  /  CMnncctcd  with  the  pofdUTu  (  •)  polo  or  end  of  the  negallTe 

|4Kto  (y)  nfthe  b«tt«ry.  thrxiUKti  the  cuiilng-fork,  down  lb«i  i>1d  oonnocicd  with  ths  ond  of  the  lower 

pMHS,  io  Um!  tiMsiTtiry  In  the  cup  Hp,  and  au  by  a  wire  (wbown  in   flgiirL'i  to  the  binding  screw  c. 

W90m  Oil*  binding  trrvw  tmn  of  the  current  Sows  through  the  cull  it  between  thu  i>n)nKii  of  the 

taninm-tftk,  «nd  ihcnoe  tjr  the  wire  e  in  the  binding  screw  a,  white  another  (urt  Ouwe  through  the 

•  itih  theoiU  oTlbe  Despretz  signal  back  by  the  wire  f>.  to  the  binding  lorev  a.    Prom  the 

i  '•  ira  thecnrrvntpwBett  buck  to  the  negative  f—j  poleoreiidof  the  posttlre  olemeut  IP) of 

u  -     <^  u;%      As  the  current  down  through  the  coil  of  the  Dcsprvix signal  f^om  i?  to  b,  the  core  of  ooU 

h^  I  i:ut)i.'  ni«irii*<iiiie«l  (lniw*i  down  the  marker  of  th«  tilgnut.    Aathe  current  Sowb  through  the  Cfilld, 

tT'^  ><-rr  i.r  iimi  o«iii.  also  becoming  magnetlJBOd.  drawf  up  the  lower  prong  of  the  fork.    Bultbcpin 

|»  ^.  ai.|i'i><*-l  iiiiu  th»  drawing  upof  UMpfuoit  llfla  the  point  ofUic  pin  04it of  the  mercury.    In  onn< 

i|tacani  tin  current  botug  thus  brokea  at  Hq.  floun  neither  through  d  nor  through  the  Despreta 

la  eoOMqaeaoo,  the  core  of  the  DwpretJE  thu»  ceoaluir  to  be  magnetized,  the  marker  fliea 

oaMy  aibtad  byaipringinot  shown  In  ihc  (Igurv).   But  In  fxinscquence  of  thecnrrant 

ring  to  flow  Ihmugh  d.  the  oore  of  d  oeaw^  to  lift  up  the  prong,  and  the  pin.  lu  the  descent  of 

pcvmg.  makor  nmtact  once  more  with  the  mcrtury.    The  ret'itablUhment  of  the  ctirrenl.  how- 

■MiTB  ■ctlng  on  the  two  colU,  again  imiIIh  down  the  marker  of  tl»e  signal,  and  again  by 

Mr  IhAdfreof  d  ptilU  up  the  pmngand  once  more  brvak.x  the  current.    Tbiut  the  current 

>  W  and  broken,  the  raplditr  of  the  Intcrruptlotu  being  determined  by  the  rlbraUon 

ilug-fork.  and  the  lever  of  the  sigUHl  rising  and  ftdllng  rynchmnoujily  wUti  the 

^•11  ui«!  lunUig-fork. 


4.  Arrived  at  the  maximum  of  shortening,  the  muscle  at  once  begins  to 
r«lAJC,  the  lever  descending  at  first  slowly,  then  more  rapidly,  and  at  last 
more  slowly  again,  until  at  d  the  muscle  has  regained  its  natural  length  ; 
th*  whole  return  from  the  maximum  of  contraction  to  the  natural  length 
ipyiog  rather  more  than  p^  second. 
Thus  a  simple  muscular  contraction,  a  simple  spasm  or  twitch,  produced 
a  momentary  stimulus,  such  as  a  single  induction-shock,  consists  of  three 
phsisea: 

A   phase  antecedent  to  any  visible  alteration   in   the  muscle.     This 
I.  daring  which   invisible  prefiaratory  changes  are  taking  place  in  the 
nerve  and  muscle,  ie  called  the  '*  Uttent  period.** 

2.  A  phase  of  ebortening  or,  iu  the  mure  strict  meaning  of  the  word,  con- 
Irmction- 

3.  A  phase  of  relaxation  or  return  to  the  original  length. 
Fn  the  cote  we  are  considering,  the  electrodes  are  supposed  to  be  anplied 

(m  the  nerv«  at  some  flistance  from  the  mu»cle.     Com^equently  the  latent 
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period  of  the  cnrve  comprises  not  only  the  preparatory  actions  going  on  in 
the  mu8c]e  itself,  but  also  tlie  chauges  necessary  to  conduct  the  immediate 
effect  of  the  induction-dhock  from  the  part  of  the  nerve  between  the  elec- 
trodes along  a  considerable  length  of  nerve  down  to  the  muscle.  It  is  obvi- 
ous tbat  these  iatler  changes  might  be  eliminated  by  placing  the  electrodes 
on  the  mu.<cle  ifaelf  or  on  the  nerve  close  to  the  muscle.  If  this  were  done, 
the  muscle  and  lever  being  exactly  as  before,  and  care  were  taken  tbat  the 
induction-shock  entered  into  the  nerve  at  the  new  spot,  at  the  moment  when 
the  point  of  the  lever  had  reached  exactly  the  same  point  of  the  travelling 
surface  as  before,  two  curves  wouhl  be  gained  having  the  relations  shown  in 
Fig.  22.  The  two  curves  resemble  each  other  in  almost  all  points,  except 
that  in  the  curve  taken  with  the  shorter  piece  of  nerve,  the  latent  period, 
the  distance  a  to  6  as  compared  with  the  distance  a  to  b'  is  shortened;  the 
coutraolion  begins  rather  earlier.  A  study  of  the  two  curves  teaches  us  the 
following  two  facts: 

Fig.  2:!. 


Curves  illvvtbatikg  tok  McAat^KKMEirr  or  the  Veuxity  or  a  Nervous  }xrriiii. 

The  nmc  moiole-neiTO  prepuratLon  Is  stimulated  (1)  ne  far  as  posfriblc  from  tbe  muscle,  n)  as  near 
u  ponlble  to  the  munle :  both  coniractlonH  am  rcs-lsusred  iu  exactly  the  nme  way. 

la  (1)  the  fltiniulusententlhe  iiervv  aI  Die  lime  1n<liait«il  by  Ihi'  Uiiea.ttiecvintnicUon  b^tu  atfr' : 
tbo  whole  latent  period,  (hereftire.  Is  iiidlcatc<l  by  the  distance  from  a  to  y. 

In  (2)  tbe  pUmula«  enters  the  nerve  at  exactly  the*  same  time  a;  tbe  oontmoUon  bevifiaalft;  the 
latent  (teriod,  therefore,  is  Indicated  bf  the  distance  between  a  and  b. 

The  time  lakcu  up  by  tbe  nervous  Impulse  In  passing  along  tbu  k>ugtb  of  nervu  between  1  and  2 
Is,  therefore,  indicated  by  the  distance  between  b  and  b',  which  may  be  meAsarad  by  tbe  iuniti|r-fork 
carre  lietow ;  each  doable  -ribmtlon  of  tbe  taaing-forlc  ccrrespouds  to  t-lSO  or  0.O063  iecuu<d. 

1.  Shifting  the  electrodes  from  a  point  of  the  nerve  at  some  distance 
from  the  muscle  to  a  point  of  the  nerve  close  to  the  muscle  has  only  short- 
ened the  latent  period  a  very  little.  Even  when  a  very  long  piece  of  nerve 
is  taken  the  diflerence  iu  the  two  curves  is  very  eujall,  and.  indeed,  in  order 
that  it  may  be  clearly  recognized  or  measured,  the  trflvelliDj;  nurface  must 
be  made  to  travel  very  rapidly.  It  is  obvious,  therefore,  that  by  far  the 
greater  part  of  the  latent  period  h  taken  up  by  changes  in  the  muscle  itself, 
chanjs^es  preparatory  to  the  actual  visilUe  shortening.  Of  course,  even  when 
the  electrodes  are  placed  close  to  the  muscle,  the  latent  periwl  includes  the 
changes  going  on  in  the  short  piece  of  nerve  still  lying  between  the  electrodes 
and  the  muscular  fibres.  To  eliminate  this  with  a  view  of  determining  the 
latent  [Myriad  in  the  muscle  itself,  the  electrodes  might  be  placed  directly  on 
the  muscle  poisttned  with  urari.  If  this  were  doue,  it  would  be  found  that 
the  latent  period  remainetl  about  the  same,  that  is  to  say,  that  in  all  cases  the 
latent  j>eriod  is  chiefly  taken  up  by  changes  in  the  muscular  as  di-siiiiguished 
from  the  nervous  elements. 

2.  iSuch  difference  as  does  exist  between  the  two  curves  in  the  figure, 
indicates  the  time  taken  up  by  the  propagation,  along  the  piece  of  nerve,  of 
the  changes  set  up  at  the  far  end  of  the  nerve  by  the  induction-shock.  These 
changes  we  have  already  spoken  of  as  constituting  a  nervous  impulse;  and 
the  above  experiment  shows  that  it  takes  a  small  but  yet  distiuctly  appreci- 


THK  FHEXOUBNA  07  UUSOUB  AND  NERVE. 


89 


time  for  a  nervous  impulse  to  travel  alon^  a  nerve.  Tn  the  figure  the 
diArence  between  the  two  latent  periods,  the  distance  between  h  and  b', 
f^ffiB  ftlmost  too  small  to  measure  aecurntely  ;  but  if  a  lont;  piece  of  nerve 
be  used  for  the  experiment,  and  the  recording  surface  be  made  to  travel  very 
£nt,  the  difference  between  the  duration  of  the  lateut  period  when  tbe  induc- 
tion-shock is  ^nc  in  at  a  point  close  to  the  muncle,  nnd  that  wlien  it  is  sent 
to  at  a  point  as  far  away  as  possible  from  the  muscle,  may  be  satisfactorily 
memsured  in  fractions  of  a  second.  If  the  lenf^th  of  nerve  between  the  twn 
l»i>inta  be  accurately  measured,  the  rate  at  which  a  nervous  impulse  travels 
a.I<)U^  the  nerve  to  a  muscle  can  thus  l>e  easily  calculated.  This  has  beeo 
;  ind  to  be  in  tbe  frog  about  28,  and  in  man  about  38  metres  per  second, 
\nii  varies  considerably,  especially  in  warm-blooded  animals. 

Thus  when  a  momentary  stimulus,  .-^uch  as  a  single  induction-sbock.  is  sent 
into  a  nen'e  connected  with  a  muscle,  the  following  events  take  place:  a 
nervous  impulse  is  started  in  the  nerve  and  this  travelling  down  to  the  muscle 
produces  in  ihe  muscle,  first  the  invisible  chajigc.**  which  constitute  the  latent 
peritxi.  secondly  the  changes  which  bring  about  the  shortening  or  contraction 
propter,  and  thirdly  the  changes  which  bring  about  the  relaxation  and  return 
to  tne  original  length.  The  changes  taking  place  in  each  of  the^  three  phases 
ane  changes  of  living  matter;  they  vary  with  the  condition  of  the  living  sub- 
atanoe  of  tbe  muscle,  and  only  take  place  so  long  as  the  muscle  is  alive. 
Though  tbe  relaxation  which  brings  back  the  muscle  to  its  original  length 
it  Meiftteti  by  the  muscle  l>eing  Ioade<l  with  a  welglit  or  otherwise  8tretchefl» 
this  is  not  essential  to  the  actual  relaxation,  and  with  the  same  load  the 
return  will  vary  according  to  the  condition  of  the  muscle;  tbe  relaxtion 
must  l)e  considered  as  an  eniential  part  of  the  whole  contraction  no  less  than 
tbe  abortening  itself. 

S  47.  Not  only,  as  we  shall  see  later  on,  does  the  whole  contraction  vary  in 
•XteDt  and  character  according  to  the  condition  of  the  muscle,  the  strength 
of  the  induction-shock,  the  load  which  the  muscle  la  bearing,  and  various 
attaodant  circumstances,  but  the  three  phases  may  vary  independently. '  The 
lalnt  period  may  be  longer  or  shorter,  the  shortening  may  take  a  longer  or 
riKMter  time  to  reach  the  same  height,  and  especially  the  relaxation  may  be 
•low  or  rapid,  complete  or  imperfect.  Even  when  the  same  strength  of 
iadaotion-shock  is  used  tbe  contraction  may  be  short  and  sharp  or  verv  long 
drawn  ont,  so  that  the  curves  described  on  a  recording  surface  travelling  at 
tlie  Mune  mte  in  tbe  two  cases  ap|>ear  very  different ;  and  under  certain  cir- 
enoMtancea.  as  when  a  muscle  is  fatigued,  the  relaxation,  more  particularly 
the  last  part  of  it,  may  be  so  slow,  that  it  may  be  several  seconds  before  tbe 
muscle  really  regaius  its  original  length. 

Heo4*e,  if  we  say  that  the  duration  of  a  simple  muscular  contraction  of  the 
g»9trocaemius  of  a  frog  under  ordinary  circumstancess  is  about  ^  second,  of 
which  T^Jg  is  taken  up  by  the  latent  period,  ,  J^  by  the  contraction,  and  ygj 
bj  tb«  relaxation,  these  must  be  t^iken  as  "  round  numbers,"  stated  so  as  to 
be  enaily  remembered.  The  duration  of  each  phase  as  well  as  of  the  whole 
oontraciion  varies  in  different  animals,  in  different  muscles  of  the  same  animal, 
and  in  tbe  ?ame  muscle  under  different  couditions. 

The  muscle-curve  which  we  have  l>ecn  discu&iing  is  a  curve  of  changes  in 
lb*  length  only  of  the  muscle ;  but  if  the  muscle,  instead  of  being  suspended, 
wen*  laid  Hat  on  a  glase  plate  and  a  lever  laid  over  iti^  belly,  we  should  Hnd, 
U(ii>a  sending  an  induction -shock  into  the  nerve,  that  the  lever  was  raised, 
•bowing  (hat  tbe  muscle  during  the  contraction  became  thicker.  And,  if  we 
l4>f>k  a  graphic  record  of  the  movements  of  the  lever,  we  should  obtain  a 
curve  very  similar  to  the  one  just  discnssed;  atler  a  latent  period  the  lever 
would  rise,  showing  that  the  muscle  was  getting  thicker,  and  afterward  would 
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fall,  showing  that  the  muscle  was  becoming  thin  again.  In  other  words,  in 
contraction  the  lessening  of  the  muricle  lengthwise  is  accompanied  by  an 
increase  crosswise  ;  indeed,  as  we  shall  see  later  on,  the  muscle  in  contracting 
b  not  diminished  in  bulk  at  all  (or  only  to  an  exceedingly  small  extent, 
about  iTi^Q^  of  hs  total  bulk),  but  makes  up  for  its  diminution  in  length  by 
increasing  in  its  other  diametyrs. 

§48.  A  single  iudvjction  shock  is,  as  we  have  said,  the  most  erinvenient 
form  of  stimulus  for  producing  a  simple  muscular  contraction,  but  this  may 
also  be  obtained  by  other  stimuli,  provided  that  these  are  sufficiently  sudden 
and  short  in  their  action,  aa,  for  instance,  by  a  prick  of,  or  a  sharp  blow  on, 
the  nerve  or  muscle.  For  the  production  of  a  single  simple  muscular  con- 
traction the  changes  in  the  nerve  leading  to  the  muscle  must  he  of  such  a 
kind  aa  to  constitute  what  may  be  called  a  single  nervous  impulse,  and  any 
stimulus  which  will  evoke  a  single  nervous  impulse  only  may  be  used  to 
produce  a  simple  muscular  contractioD. 

As  a  rule,  however,  most  stimuli,  other  than  single  induction-shocks,  tend 
to  produce  in  a  nerve  several  nervous  impulses,  and,  aa  we  shall  see,  the 
nervous  impulses  which  issue  from  the  central  nervous  system,  and  so  pass 
along  nerves  to  muscles,  are,  as  a  rule,  not  single  and  simple,  but  complex. 
Hence,  as  a  matter  of  fact*  a  simple  muscular  contraction  is  within  the  living 
b(xly  a  comparatively  rare  event  (at  least  as  far  as  the  skeletal  nmscles  are 
concerned),  and  cannot  easily  be  produced  outside  the  body  otherwise  than 
by  a  single  induction-shock.  The  ordinary  form  of  muscular  contraction  is 
not  a  simple  muscular  cuntraution,  but  tlie  more  complex  form  known  as  a 
tetantic  contraction,  to  the  study  of  which  we  must  now  turn. 

Teianie  Coniraction, 

15  49.  If  a  single  induction-shock  be  followed  at  a  certain  interval  by  a 
second  shock  of  the  same  strength,  the  first  simple  contraction  will  be  fol- 
lowed by  a  seconfl  simple  contraction,  Ixith  contractions  being  separate  and 
distinct;  .<ind  if  the  shocks  be  repealed  a  series  of  rhythmically  recurring 
separate  simple  contractions  may  be  obtained.  If,  however,  the  interval 
between  two  shocks  be  made  short,  if,  for  instance,  it  be  made  only  just  long 
enough  to  allow  the  first  contraction  to  have  passed  its  maximum  before  the 
latent  period  of  the  second  ia  ovor,  the  curves  of  the  two  contractions  will 
bear  some  such  relation  to  each  other  as  that  shown  in  Fig.  23.      It  will  be 

Fig.  '23. 


Tka»  iNu  OK  A  DoLHi.t;  Mv«;le-cckv»:. 

While  the  roosrte  (gastrncm-mlius  of  fnit)  was  eiif^gcfl  in  ihe  iirat  conlraction  i.ivbnfe  comi'letc 

course,  bud  nothing  Intervened.  i»  Indli^atcMl  by  the  dotted  Itnc),  a  second  induuthm-flhoek  wmt 

thrown  lu,  at  tuoh  u  xlmo  thnt  tike  second  contmoUon  began  Just  as  the  flrat  was  bucinnUig 

decline.    The  neinnd  curve  is  seen  u>  itart  fhim  the  tint,  ae  doci  the  Km  fh»n  the  bMe-Une. 


observed  that  the  second  curve  is  almost  in  all  respects  like  the  first  except 
thnt  it  starts,  so  to  speak,  from  the  first  curve  instead  of  from  the  base-line. 
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Tlie  secoud  ncrvmis  impulse  has  acted  on  ihc  already  contracted  muscle, 
aoiJ  raflde  it  contract  again  just  as  it  would  have  done  it'  there  had  been  no 
fir^i  impulse  and  the  muscle  had  been  at  rest.  The  two  coDtractioojd  are 
•fkled  together  and  the  lever  is  raised  nearly  double  the  height  it  would 
bare  been  by  either  alone.  If  in  the  same  way  a  third  shock  followa  the 
—coad  at  a  ^lufficientlv  short  interval,  a  third  curve  is  piled  on  top  of  the 
•wood ;  the  same  witli  a  fourth,  and  so  on.  A  more  or  less  similar  re^sult 
would  occur  if  the  secoud  contraction  began  at  another  phase  of  the  Hret. 
Tbeoombined  effect  is,  of  course,  greatest  when  the  secoud  contraction  begins 
at  the  maximum  of  the  tirst,  being  less  both  before  and  afterward. 

lleDce,  the  result  of  a  repetition  of  shocks  will  depend  largely  on  the 
rale  of  repotition.     If,  as  in  Fig.  24,  the  shocks  follow  each  other  so  slowly 

PlO.  'M. 
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that  one  contraction  is  over,  or  almost  over,  before  the  next  begins,  each 
eoniraafcion  will  be  distinct,  or  nearly  distinct,  and  there  will  be  little  or  no 
oombiiied  effect. 

If,  however,  the  shocks  be  repeated  more  rapidly,  as  in  Fig.  26,  each  suo- 
ce>e<liug  contraction  will  start  from  some  part  of  the  prece<ling  one,  and  the 
larar  will  be  raised  to  a  greater  height  at  each  contraction. 

Fin.  23. 


3li-9cix<rKr«.    SiKoLs  IXDccfio^c  Shotk  R£PBatcd  Murk  ICatidly. 

If  the  frequency  of  the  shncks  be  still  further  increased,  as  in  Fig.  2B, 
ibe  rise  due  to  the  combination  of  contraction  will  be  still  more  rapid,  and 
a  smaller  part  of  each  contraction  will  be  visible  on  the  curve. 

In  each  of  these  three  curves  it  will  be  noticed  that  the  character  of  the 
curre  changes  somewhat  during  its  development.  The  change  is  the  result 
ci  eomroencing  fatigue,  caused  by  the  re[>etition  of  the  contractions,  the 
i^gae  manifesting  itself  by  and  increasing  prolongation  of  each  oontrac- 
tioo,  shown  especially  in  a  delay  of  relaxation,  and  by  an  increasing  dimi- 
nution in  the  height  of  the  contraction.  Thus,  in  Fig.  24.  the  contractions 
quite  distinct  at  first,  become  fused  later;  the  tiflh  contraction,  for  instance, 
if  prolonged  so  that  the  sixth  begins  before  the  lever  has  reached  the  base 
liD« ;  yet  the  summit  of  the  aixtli  is  hardly  higher  than  the  summit  of  the 
fifth,  since  the  sixth,  though  starting  at  a  higher  level,  is  a  somewhat 
weaker  contraction.    See  also,  in  Fig.  25,  the  lever  rises  rapidly  at  first  but 
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more  slowly  aflerward.  owing  to  an  iocreasiDg  diminutioD  id  the  height  of 
the  single  coutraotiona.  In  Fig.  2(>  the  iDcretueni  of  rise  uf  the  curve  due 
to  each  contraction  diminishes  very  rapidly,  and  though  the  lever  does  con- 
tinue to  rise  during  the  whole  series,  ilie  ascent  after  about  the  sixth  con- 
traction is  very  gradual  indeed,  and  the  indications  of  the  individual  con- 
tractions are  much  leas  marked  than  at  first. 

Fio.  2*;. 


Mcmci.E*rTJRVft.    9i»ols  iNDtJcrioiv  Shock  HBTKATcn  Srnx  Mork  fUPiDLV. 

Hence,  when  shocks  are  repeated  with  sufficient  rapidity,  it  results  that 
afler  a  certain  number  of  shocks,  the  succeeding  impulses  do  not  cause  any 
further  shortening  of  the  muscle,  any  further  raising  of  the  lever,  but 
merely  keep  up  the  contraction  already  existing.  The  curve  thus  reaches  a 
maximum,  which  it  maiutains,  subject  to  the  depressing  etlects  of  exhaus- 
tion, so  long  as  the  shocks  are  rejveated.  When  these  c-ease  to  be  given,  the 
muscle  returns  to  its  natural  length. 

When  the  shocks  succeed  each  other  still  more  rapidly  than  in  Fig.  26, 
the  individual  contractions,  viHible  at  tirst,  may  become  fused  together  and 
wholly  lost,  to  view  in  the  latter  part  of  the  curve.  When  the  shocks  suc- 
ceed each  other  still  more  rapidly  (the  second  cnntraction  beginning  in  the 
aficending  jMjrtinn  of  the  first)  it  becomes  difficult  or  impossible  to  trace 
out  any  of  the  single  contractions.'     The  curve  then  described  hy  the  lever 

Fio.  37. 


TCTAKCB  PBODUCCO  VITK  TMI!  OrDIKART  MAnNHIC   INTRRRDPTOR  OP   Kti   lKT>nCmOH-MACaiNK. 

(Rcconllng  siirfhn*  ttmvcUltig  nlowly.) 
The  iutcmipted  current  la  thrown  In  ftt  a. 

IB  of  the  kind  shown  in  Fig.  27,  where  the  primary  current  of  an  induction- 
machine  was  rapidly  made  and  broken  by  the  magnetic  interruptor,  Fig.  15. 

t  The  OHse  with  whfcb  tlm  hirllvLdiial  contnictloiu  c&n  be  izMde  oat  depends  in  purt,  It  need 
tuudly  be  Mid.  on  tbc  raptdltjr  with  wblph  the  reoonllng  9urAu;«  tmvels. 
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ill  be  observed,  rises  at  n  (the  recording  surface  is  travelling 
loo  ftlowlv  to  allow  the  Intent  period  to  be  distinguished),  at  Grst  very 
rmfttdly.  in  fact  in  an  unbroken  and  almost  a  vertical  line,  and  so  very 
vpeediij  reaches  the  niaximura,  which  is  maintained  so  long  as  the  shocks 
eoniinue  to  be  given  ;  when  tbe^  eeiu*e  to  be  given,  the  curve  descends  at 
lln<  Tery  rapidly  and  then  more  and  more  gradually  toward  the  base  line, 
which  it  reaches  just  at  the  end  of  the  figure. 

This  condition  of  muscle,  brought  about  by  rapidly  repeated  shocks,  this 
Ammh  of  a  number  of  simple  twitches  into  an  apparently  smooth  continuous 
<flort»  B  known  as  tetanus  or  tetanic  coniractwn.  The  above  facts  are  most 
dcvly  shown  when  induction-shocks,  or  at  least  galvanic  currents  in  some 
Ibrro  or  other,  are  employed.  They  are  seen,  however,  whatever  l>e  the  form 
of  Btimulus  employed.  Thus,  in  the  case  of  mechanical  stimuli,  while  a 
■ogle  quick  blow  may  cause  a  single  twitch,  a  pronounced  tetanus  may  be 
obiained  by  rapidly  striking  successively  fresh  portions  of  a  nerve.  With 
cbemical  stimulation,  as  when  a  nerve  is  dipped  in  acid,  it  is  impossible  to 
neon  a  momentary  application  :  hence  tetanus,  generally  irregular  in  char- 
acter, is  the  normal  result  of  this  mode  of  stimulation.  In  the  living  boily, 
Ae  ootitractious  of  the  skeletal  muscles,  brought  about  either  by  the  will  or 
otberwitiv,  are  generally  tetanic  in  character.  Even  very  short  sharp  move- 
SMoIb,  SQch  as  a  sudden  jerk  of  a  limb  or  a  wink  of  the  eyelid,  are  in  reality 
tnuDplcaof  tetanus  of  short  duration. 

If  the  lever,  instead  of  being  fastentn]  to  the  tendon  of  a  muscle  hung  ver- 
ticaJlv.  be  laici  across  the  belly  of  a  muscle  placed  in  a  horizontal  position 
ao«i  tile  muscle  l)e  thrown  into  tetanus  by  a  repetition  of  inductiou-shoeks,  it 
will  be  seen  that  each  shortening  of  the  muscle  is  accompanied  by  a  corre- 
spoodtng  thickening,  and  that  the  total  shortening  of  the  tetanus  is  accom- 
pftoicd  by  a  corresponding  total  thickening.  And,  indeed,  in  tetanus  we  can 
obaanre  more  easily  than  in  a  single  contraction  that  the  muscle  in  contraot- 
ipg  changes  in  form  only— not  in  bulk.  If  a  living  muscle  or  group  of 
mMdw  be  placed  in  a  glass  jar  or  chamber,  the  closed  top  of  which  is  pro- 
IomkI  into  a  narrow  gla^  tube,  and  the  chamber  l>e  filled  with  water  (or 
pffArably  with  a  solution  of  sodium  chloride,  0.6  per  cent,  in  strength, 
OMMlly  caUled  '*  normal  saline  solution,**  which  is  \q^  injurious  to  the  tissue 
tbatt  simple  water)  until  the  water  T\i>^:A  into  the  narrow  tube,  it  is  obvious 
tiiAt  any  change  in  the  l)\jlk  of  the  muscle  will  be  easily  shown  by  a  rising 
or  fiUliog  of  the  column  of  fluid  in  the  narrow  tube.  It  is  found  that  when 
the  mu*cle  is  made  to  contract,  even  in  the  most  forcible  manner,"the  change 
(if  level  in  the  hei^^ht  of  the  column  which  can  be  observed  is  practically 
isiigtiitiraut ;  there  apjwars  lo  Ik*  a  tall  indicating  a  diminution  of  bulk  to 
iht-exli-ut  t^fabfiut  one  ten-thousandth  of  the  total  hulk  of  the  muscle.  So  that 
may  fairly  ijay  that  in  a  tetanus,  and  hence  in  a  simple  contraction,  the 
ling  of  ihe  length  of  the  muscle  caut*c8  a  corresponding  increase  in  the 

iher  dir«ctiou*t;  the  substance  of  the  muscle  is  displaced,  not  dimimshe«l. 
60.  8o  far  we  have  spoken  simply  of  an  induction-shock  or  of  induction- 
jikocks  nithout  any  reference  lo  their  strength,  and  of  a  living  or  irritable 

luscle  without  any  relereuce  to  the  degree  or  extent  of  its  irritability.     But 
Ifiduc'tion-shocks  may  vary  in  strength,  and  the  irritability  of  the  muscle 


Yr 


vary. 


\i  we  slide  the  secondary  coil  a  long  way  from  the  primary  coil,  and  thus 
iMe  of  extremely  feeble  induction-shocks,  we  shall  probably  find  that 
shocks,  applied  even  to  a  quite  fresh  muscle-nerve  preparation,  pn)duce 
eoDtraction.     If  we  then  gratlually  slide  the  secondary  coil  nearer  and 
the  primary  coil,  and  keep  on  trying  the  ettecla  of  the  shocks,  we  shall 
ted  that  ai\er  a  while,  in  u  certain  {Hwitiou  of  the  coiU,  a  very  feeble  cou* 
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traction  makes  its  appearance.  Ab  the  secondary  coil  comes  still  nearer  to 
the  primary  coil,  the  contractions  grow  greater  and  greater.  After  a  while, 
however — ami  that,  indeed,  in  ordinary  circumstances,  very  speedily  increais- 
ing  the  strength  of  the  shock  no  longer  increases  the  height  of  the  contrac- 
tion;  the  maximum  contraction  of  which  the  muscle  is  capable  with  such 
shocks,  however  strong,  has  heen  reached. 

If  we  use  a  tetauizing  or  interrupted  current,  we  shall  obtain  the  same 
general  results;  we  may,  according  to  the  strength  of  the  current,  get  no 
contraction  at  all,  or  contractions  of  various  extent  up  to  a  maximum,  which 
cannot  be  exceeded.  Under  favorable  conditions  the  maximum  contraction 
may  be  very  considerable ;  the  shortening  in  tetanus  may  amount  to  three- 
fifths  of  the  total  length  of  the  muscle. 

The  amount  of  ccmtraclion,  then,  depends  on  the  strength  of  the  stimulus, 
whatever  be  the  stimulus;  but  this  holds  good  within  ceruiin  limits  only; 
to  this  point,  however,  we  shall  return  later  on. 

S  51.  If,  having  ascertained  in  u  periectly  fresh  muscle-nerve  preparation 
the  amount  of  contraction  produced  by  this  and  that  strength  of  stimulus, 
we  leave  the  preparation  by  itself  for  some  time — say  for  a  lew  hours — and 
then  repeat  the  observations,  we  shal!  find  that  stronger  stimuli— stronger 
shocks,  for  instance — are  required  to  prmiuce  the  same  amount  of  contraction 
as  before;  that  ia  to  say,  the  irritability  of  the  preparation,  the  power  to 
respond  to  stimuli,  has  in  the  nieanwbile  dimini^^hed.  After  a  further 
interval  we  should  find  the  irritability  still  further  diminished  ;  even  very 
strong  shocks  would  be  unable  to  evoke  contractions  as  large  as  those  pre- 
viously caused  by  weak  shocks.  At  last  we  should  find  that  no  shocks,  no 
stimuli,  however  strong,  were  able  U)  produce  any  visible  contraction  what- 
ever. The  amount  of  contraction,  in  fact,  evoked  by  a  stimulus  depends  not 
only  on  the  strength  of  the  stimulus,  but  also  on  the  degree  of  irritability  of 
the  muscle-nerve  preparation. 

Imnierliately  upon  removal  from  the  body,  the  preparation  pocsesses  a 
certain  nraount  of  irriiabiliry,  not  differing  very  nuiterially  from  that  which 
the  nuiacle  and  ner\'e  possess  while  within  and  formiug  an  integral  part  of 
tht;  body :  hut  after  removal  from  the  body  the  preparation  loses  irritability, 
the  rate  of  loss  being  dependent  on  a  variety  of  circumstances ;  and  this  goes 
on  unlU,  since  no  stimulus  which  we  can  apply  will  give  rise  to  a  wjutrac- 
tion,  we  say  the  irritability  has  wholly  disappeared. 

We  might  take  this  disappearance  of  irritability  as  marking  the  death  of 
the  propnrntion,  but  it  ia  followed  sooner  or  later  by  a  curious  change  in  the 
muscle,  which  is  called  rigor  mortis,  and  which  we  shall  study  presently  ;  and 
it  ia  convenient  to  regard  this  rigor  mortis  as  marking  the  death  of  the  muscle. 

The  irritable  muscle,  then,  when  stimulatpd  either  directly,  the  stimulus 
being  applied  to  itself,  or  indirectly,  the  stimulus  being  applied  to  its  nerve, 
responds  to  the  stimulus  by  a  change  ol  form  which  in  essentially  a  shorten- 
ing and  thickening.  By  toe  shortening  (and  thickening)  the  muscle  in  con- 
tracting is  able  to  do  work,  to  move  the  parts  to  which  it  is  attached  ;  it  thus 
sets  free  energy.  \Ye  have  now  to  study  more  in  detail  how  this  energy 
IB  set  free,  and  the  Iowa  which  regulate  its  expenditure. 

On  the  Changes  which  Takk  Place  in  a  Muscle  during  a 

Contraction. 


The  Change  in  Form. 

§  52.    The  groM  structure  of  muscle.     An  ordinary  skeletal   muscle  con- 
BiBta  of  elementary  miisele fibres,  bound  together  in  variously  arranged  bundles 
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br  connective  tissue  which  carries  bloodvessels,  nerves,  and  lymphatics.  [Fig* 
2?^.]  The  9ame  cnnneclivc  tissue,  besides  supplying  a  more  or  less  distinct 
vrftppiDi;  for  the  whole  muecle.  furms  the  two  ends  of  the  muscle,  beinj;^  here 
ftooelimcit  scanty,  as  where  the  muscle  appears  to  he  directly  attached  to  a 
booft,  and  a  small  amount  nnly  of  connective  tissue  joins  the  muscular  iibres 
to  Uie  periosteum,  stjuietimes  abundant,  as  when  the  connective  tissue  in 
which  liie  muscular  fibres  immediately  end  is  prolonged  into  a  tendon. 

Each  elementary  tibre,  which  varies  even  in  the  mammal  in  length  and 
bf«*dth  (in  the  frog  the  diniensioiiH  vary  very  widely),  hut  may  he  ^aid,  on  an 
avterage,  to  be  30  or  40  mm.  in  length  and  20/'  to  30"  in  breadth,  consi^^ts  of 
homogeneous  or  faintly  fibrilluted  nhealh  of  |)eculiur  nature,  the 
I,  which  embraces  and  forms  an  envelope  for  the  Ktrinted  mtts- 
mibttance  within.     [Fig.  29.]     Each  fibre,  cylindrical  in  form,  giving  a 
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-  -■."■■-^!'  •'r'-TfoM  ntoM  THK  STeiiNi>-»Afn>u>  is  Ma*  (inairniflod  AOUum»).    a,  vxter- 
L-.  int4!nml  pertmysluni ;  d,  Hltrc. 

I         i    I  KI'ELUIKNTlltVrillKBI.flllOWINn  ACLKAVAOKlBOrrasmDniBiTIOTfH 

diAToeien}. 

cltMYmjte.  The  loni^lncllna.1  ftni]  einnwerwllncit  art- both  Men.  Some  loufttudlojU 
aiv dsrfeer  Ao/l  wli1<>r  thkn  tbciTHt.aiid  are  not  (?Antlnauuii  rWim  ead  tneod.  Thlsrmntu  rmm 
KIMMlInn  "f  Uie  llbrillic  c,  flbrltlw  h* (MrakHl  from  ouv  aiK^bor  by  violence  at  the  brukuii  und 
flhnfi.  aprl  miirkail  by  tnuiavenc*  Un«a  c<|U&l  in  width  to  thine  on  Ibe  fibre  ;  e'c"  represent  two 
LomiiKmly  prcMnied  by  the  Np«iai«(l  Hin^le  nbrillu;  imore  hlgblr  iDAenttlc<lt:  at  C  tbe 
•sd  inuunrariB  Ham  are  aU  perfertly  rvclUinear.  antl  ilw  inelmled  5|iae«fl  perfectly  reo- 
»tr*Uw  b(Md«rs  luv  M^lloped  an<l  the  fiinrt-^  beml-llke.  When  moat  dlsUnot  and  defl* 
tkjc  flbrillr  DnarDta  tbe  former  of  Khvee  appcaranci-*. 

olimvaj{v.   Tbe  lunj^tudlnal  Une*  msv  <«t^rtH.'ly  visible,   a.  lucura|*lvte  ^t^tiim  ful- 

-.if  Btirtmcr*  of  u  <ll!«c  whlcb  slnrtcbex  ar-n>M    thn   Interval   and   retaln.i  the  In'o 

ttuu  ;ti  i:<.«uDcvitoii     The  vdgv  nn>1  xiirfac^^  of  ihl!^  d\»r  arv  W':a  to  be  minutely  tfranutar, 

fTmnel'v  Min««t<on«liiijt  lii  siw  tn  the  tbirbiicn  of  the  dUc  and  (u  tbe  diKtan<-e  ttelureeii  the 

kJOglladliMU  tines:  6.  aiiotber  dim' nearlv  detached  ;  6'.  detached  diac,  more  highly  magnified. 

tJw  aareook  eiamenu] 


or  len  circular  outline  in  transverse  section,  generally  tapers  off  at  each 
in  a  conical  form. 

At  each  end  of  the  fibre  the  sarcolemma,  t^o  which  in  life  the  muscular 
ilMUUDee  ifl  adhoruut.  becomes  continuous  with  Bbrillfe  of  connective  tissue. 
'ben  tbe  end  of  the  fibre  lies  at  the  end  of  the  muscle,  these  connective- 
fibrillae  pav  directly  into  the  tendon  (or  inU)  the  periosteum,  etc.)  and 
ae  eutB  of  small  muscles  which  are  no  longer  than  their  constituent 
|bf«i»  each  fibre  may  thus  join  at  each  end  of  itself,  by  means  of  its  surco- 

the  tendon,  or  other  ending  of  the  muscle.     In  a  verv  large  number 

iBnelee.  however,  the  muscle  is  far  longer  than  any  of  it^  nbres,  and  there 
LV  be  even  whole  bundles  of  fibres  in  the  middle  of  the  muscle  which  do 
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not  reach  to  either  end.  In  such  caee  the  connective  tissue  in  which  the 
Barculeninia  ends  is  c-ontintiouE  with  the  connective  tiseue  which,  niuniug 
between  the  Hbres  and  between  the  buiulles,  i)inds  the  6brea  into  entail 
bundles,  and  the  smaller  buiuUei^  iutu  larger  bundles. 

The  contraction  of  a  rausHc  is  the  cimiraction  of  all  or  some  of  its 
elementary  fibres,  the  connective  tisaue  being  passive ;  hence  while  those 
fibres  of  the  ninycle  which  end  directly  in  the  tendon,  in  contracting  pull 
directly  on  the  tendon,  those  which  do  not  so  end  pull  indirectly  on  the  tendon 
by  means  of  the  connective  tissue  between  the  bundles,  which  connective 
tissue  is  continuous  with  the  t:endon. 

The  bloodvessels  run  in  the  connective  tissue  between  the  bundles  and 
between  the  fibres,  and  the  capillariea  form  more  or  less  rectangular  networks 
immediately  outside  the  sarcolemma.  [Fig.  30.]  Lymphatic  vessels  also  run 
in  the  connective  tissue,  iu  i\w  Ivniph  spaces  of  which  they  begin.  Each 
muscular  fibre  is  thus  surrounded  by  lymph  spaces  and  capillary  bloodveasela. 
but  the  active  muscular  substance  of  the  fibre  is  separated  Irom  these  by  the 
sarcolemuia;  hence  the  interchange  between  the  bhmd  and  the  muscular 
substance  is  carried  on  backward  and  forward  through  the  capillary  wall, 
through  some  of  the  lymph  spaces,  and  through  the  sarcolemma. 

Each  muscle  is  supplied  by  one  or  more  branches  of  nerves  composed  of 
medullaied  fibres,  with  a  certain  proportion  of  non-meduUated  tibres-  These 
branches  running  in  the  connective  tissue  divide  into  smaller  branches  and 
twigs  between  the  bundles  and  fibres.  Some  of  the  nerve  fibres  are  distributed 
to  the  bloodvessels,  and  others  end  in  a  manner  of  which  we  shall  speak  later 
ou  in  treating  of  muscular  sensations;  but  by  far  the  greater  part  of  the 
medullated  fibres  end  in  the  muscular  fibres,  the  arrangement  being  such  that 
every  muscular  fibre  is  supplied  with  at  least  one  medullated  nerve  fibre, 

which  joins  the  muscular  fibre  somewhere  about 
(Fro.  ao.  l\^Q  middle  between  its  two  ends  or  sometimes 

nearer  one  end,  in  a  s[>ecial  nerve  ending,  of 
which  we  shall  presently  have  to  speak,  called 
an  ctni-plate.  [tig.  31.]  The  nerve  fibres  thus 
dcstine<l  to  end  in  the  muscular  fibres  divide 
as  they  enter  the  muscle,  so  that  what,  as  it 
enters  the  muscle,  is  a  single  nerve  fibre,  may, 
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^^T  dividing,  end  hs>  several  nerve  fibres  in  several  muscular  fibres.   Sonietimea 

tiwu  ner\-e  tibrest  join  one  muacuhir  fibre,  hut  in  thin  cas<'  thp  end-plate  of  each 
Derre  fibre  is  slill  at  some  distance  from  the  end  of  the  niuycular  fibre.  It 
IbUiivs  that  when  a  muscular  fibre  is  stimulated  by  nieane  of  a  nerve  fibre, 
ibr  ocn-ons  impulse  travelling  down  the  nerve  fibre  falls  into  the  muscular 
fibre  m>t  at  one  end  but  at  aUjut  its  middle;  it  is  the  middle  of  the  fibre 
Mich  U!  atfected  fin^t  by  the  nervous  impulse,  and  the  changes  in  themiiflcular 
PilMUiOoe  started  iu  the  middle  of  the  muscular  fibre,  travel  thence  to  the  two 
•ads  of  tbe  fibre.  In  an  ordiuary  skeletal  muscle,  however,  a^  we  have  said, 
tlw  fibres  and  bundles  of  fibres  begin  and  end  at  difierent  distances  from  the 
iodf  of  the  muscle,  and  the  nerve  t»r  nerves  going  to  the  muscle  divide  and 
■fwrwiii  tMit  in  the  muscle  in  such  a  way  that  the  end-plates,  in  which  the 
tBdlTidusil  fibres  of  the  nerve  end,  are  distributed  widely  over  the  muscle  at 
very  difierent  distanced  from  the  euds  of  the  muscle.  Hence,  if  we  suppoae 
»aiagle  Derrou*!  impulse,  such  as  that  generated  by  a  single  induction*shock, 
or  a  lerieaof  such  impulses  to  be  started  at  the  same  time  at  some  part  of  the 
trunk  of  the  nerve  in  each  of  the  fibres  of  the  nerve  going  to  the  muscle, 
Cbcee  impulMs  will  reac^h  very  different  parts  of  the  muscle  at  about  the  t^ame 
time  ana  the  contractions  which  they  set  going  will  begin,  so  to  speak,  nearly 
ail  over  the  wholt*  muscle  at  the  same  time,  and  will  not  all  start  in  any  par- 
ticular inim  (ir  area  of  the  muscle. 

$  63.  The  u"ai'*'  of  rontraction.  We  have  seen,  however,  that  under  the 
infiueoce  of  urari  the  nerve  fibre  ia  unable  to  excite  contractions  iu  a  mus- 
eabtf  fibre,  although  the  irritability  of  the  muscular  fibre  itself  x-i  retained. 
BABCe  in  a  muscle  poisoned  by  urari  the  contraction  begins  at  that  part  of 
the  cuuscuiar  substance  which  is  first  afiected  by  the  stimulus,  aud  we  may 
•t^rt  a  civutraoiion  in  what  part  of  the  muscle  we  please  by  properly  placing 
tfaa  «lectrodeB. 

Soane  rooscles,  such  for  instance  as  the  mrtorius  of  the  frog,  thongh  of  some 

kosib,  are  composed  of  fibres  which  run  parallel  to  each  other  from  one  end 

o#wt  nnack  to  the  other.     If  such  u  muscle  be  poisoned  with  urari  so  as  to 

the  action  of  the  nerven  aud  stimulated  at  one  end  (an  induction* 

t  through  a  pair  of  electrodes  plaeeil  at  some  little  distance  apart 

each  other  at  the  end  of  the  rau(>clc  may  be  employed,  but  better  results 

are  obtained  if  a  mode  of  stimulation.  <if  which  we  shall  have  to  speak  pres- 

esUy,  viz.  the  application  of  the  "constant  current,"  be  adopted),  the  con- 

traeckw  which  ensues  starts  from  the  end  stimulated,  and  travels  thence  along 

tba  mttaole.     If  two  levers  l>e  made  to  rest  im,  or  be  suspended  from,  two  parts 

o/'aacb  a  uiuticle  placed  horizontally,  the  parts  being  at  a  known  distance 

^m  oush  other  and  from  the  part  stimulated,  the  progress  of  the  contraction 

mar  be  vtudicfl. 

The  moM'eroents  of  the  levers  indicate  in  this  case  the  thickening  of  the 
fihrcs  which  is  taking  place  at  the  parts  on  which  the  levers  rest  or  to  which 
tbey  an*  attached  ;  and  if  we  take  a  graphic  record  of  these  movements, 
brioging  the  two  levers  to  mark,  one  immediately  below  the  other,  we  shall 
fiod  that  the  lever  nearer  the  part  Btimulated  begins  to  move  earlier,  reaches 
ito  maximum  earlier,  and  returns  to  rest  earlier  than  does  the  further  lever. 
Tbe  oouiracti'in,  started  by  the  stimulus,  in  travelling  along  the  muscle  from 
(be  earl  stimulated  reaches  the  nearer  lever  some  little  time  l)efore  it  reaches 
tbe  rorther  lever,  and  has  passed  by  the  nearer  lever  sonie  little  time  before 
it  baa  paaed  by  the  further  lever  :  aud  the  further  apart  the  two  levers  are 
tba  ffrest«r  will  be  the  difference  in  time  between  their  movements.  In  other 
worn,  tba  contraction  travels  along  the  muscle  in  the  form  of  a  wave,  each 
part  of  tbe  muscle  in  tinccesaion  from  the  end  stimulated  swelling  out  and 
aborteoing  aa  the  contraction  reaches  it.  and  then  returning  to  its  original 
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state.  And  what  is  true  of  the  collection  of  parallel  fibres  which  we  call  the 
muscle  U  also  true  of  eaoh  fibre»  for  the  swellin*:  at  auv  part  of  the  muscle  is 
only  the  sum  of  the  swelling  of  the  individual  fibres;  and  if  we  were  able  to 
take  a  i^ingle  long  fibre  and  iftinmlate  it  at  one  end,  we  should  be  able, 
under  the  microaa>[)e,  to  see  a  swelliug  or  bulging  accompanied  by  a  corre- 
t!|>ondiug  shortening,  i. «.,  to  see  a  coutraciiou,  sweep  along  the  fibre  from  end 
to  end. 

If,  in  the  graphic  record  of  the  two  levers  just  mentioned,  we  iM)Uut  the 
number  of  vibnUiong  of  the  tuning-fork  which  intervene  between  the  mark 
on  the  record  which  indicates  the  beginning  of  the  rise  of  the  near  lever 
(that  is,  the  arrival  of  the  contraction  wave  at  this  lever)  and  the  mark  which 
indicates  the  beginning  of  the  rise  of  the  far  lever,  this  will  give  us  the  time 
which  it  has  taken  the  contraction  wave  to  travel  from  the  near  to  the  far 
lever.  Let  us  suppose  this  to  be  0.005  second.  Let  us  suppose  the  distance 
between  the  two  levers  to  be  15  mm.  The  contraction  wave,  then,  has  taken 
0.005  sectmd  to  travel  15  mm.,  that  is  to  say  it  has  travelled  at  the  rate  of  3 
metres  |>er  second.  And  indeed  we  find  by  this,  or  by  other  methods,  that  in 
the  frog's  mueclea  the  contraction  wave  does  travel  at  a  rate  which  may  be 
put  down  as  from  8  to  4  metres  a  second,  though  it  varies  under  difierent 
conditions.  In  the  warmbloode^l  mammal  the  rate  is  somewhat  greater,  and 
may  probably  be  put  down  at  o  metres  a  second  in  the  excised  muscle,  rising 
possibly  to  10  metres  in  a  muscle  within  the  living  body. 

If,  a^ain,  in  the  graphic  record  of  the  two  levers  we  count,  in  the  case  of 
either  lever,  the  number  of  vibrations  of  the  tuning-fork  which  intervene 
between  the  mark  where  the  lever  begins  to  rise  and  the  mark  where  it  has 
finished  itit  fall  and  returned  to  the  base-line,  we  can  measure  the  time  inter- 
vening between  the  contraction  wave  reaching  the  lever  and  leaving  the  lever 
on  its  way  onward,  that  is  to  say  we  can  measure  the  time  which  it  has  taken 
the  contraction  wave  to  pass  over  the  part  of  the  muscle  on  which  the  lever 
is  resting.  Let  us  suppose  this  time  to  be,  say,  0.1  second.  But  a  wave  which 
is  travelling  at  the  rate  of  Z  metres  a  second  and  takes  0.1  second  to  pass 
over  any  point  must  be  800  mm.  long.  And.  indeed*  we  find  that  in  the 
frog  the  length  of  the  contractitm  wave  may  be  put  down  as  varying  from 
200  to  400  mm.,  and  in  the  mammal  it  is  not  very  difierent. 

Now.  as  we  have  saiil,  the  very  longest  muscular  fibre  is  stated  to  be  at 
most  only  about  40  mm.  in  length ;  hence,  in  an  ordinan*  contraction,  during 
the  greater  part  of  the  duration  of  the  contraction  the  whole  length  of  the 
fibre  will  l>e  occupied  by  the  coutraction  wave.  Just  at  the  beginning  of  the 
ooutraction  there  will  be  a  time  when  the  front  of  the  contraction  wave  has 
reached  fur  instance  only  half  way  down  the  fibre  (suppoeing  the  stimulus  to 
be  applied,  as  in  the  case  we  have  been  discussing,  at  one  end  only),  and  just 
at  the  end  of  the  otmtraction  there  will  be  a  time,  for  instance,  when  the  con- 
traction has  left  the  half  of  the  fibre  next  to  the  stimulus,  but  has  not  yet 
cleared  away  from  the  other  half.  But  nearly  all  the  rest  of  the  time  every 
part  of  the  fibre  will  be  in  some  phase  or  other  of  contraction,  though  the 
paru  nearer  the  stimulus  will  be  in  more  advanced  phases  than  the  parts 
narther  from  the  stimulus. 

This  i:>  true  when  a  muscle  of  |)arallel  fibres  is  stimulated  artificially  at 
one  end  of  the  muscles,  and  when,  therefore,  each  fibre  is  stimulated  at  one 
end.  It  is«  of  cour^,  all  the  more  true  when  a  muscle  of  ordinary'  cou- 
Mruciion  is  stimulated  by  means  of  ita  nerve.  The  stimulus  of  the  nervoas 
impulse  imninees,  in  this  case,  on  the  muscle  fibre  at  the  end-plate  which,  as 
w»  have  said,  n  placed  toward  the  middle  of  the  fibre,  and  the  contraction 
wave  travels  irom  tbe  eud-pUt«  in  opposite  directions  toward  each  end,  and 
liaa  acoordinclv  only  about  half  the  leogtb  of  the  fibre  to  run  in.     All  the 
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mure,  therefore,  must  the  wliole  fibre  he  in  a  state  of  contraction  at  the  same 
time. 

It  will  be  nWrvcd  that  in  what  hiia  juat  been  said  the  contraction  wave 
ba4  Iwen  taken  to  include  not  only  the  c-uitraction  proper,  the  thickening 
uid  sbortening.  but  at»o  the  relaxutiun  and  retiirn  to  the  natural  form  ;  the 
fine  part  of  the  wave  up  to  the  summit  of  the  crest  corresponds  to  the 
•bofteoiog  and  thickening,  the  decline  from  the  summit  onward  corresponds 
to  the  relaxation.  Rut  we  have  already  insisteil  that  the  relaxation  is  an 
tBODtial  |mn  of  the  whole  act;  indeed,  in  a  certain  sense,  as  essential  as  the 
■bfifteuing  itself. 

§  44-  Minute  Mrurture  of  mtmnilar  fibre.  80  far  we  have  be^n  dealing  with 
the  BQUsele  as  a  whole  and  as  observed  with  the  naked  eye,  though  we  have 
tDeadeuially  spoken  of  fibres.  We  have  now.  confining  our  attention  exclu- 
sively to  skeletal  muscles,  to  consider  what  microscopic  changes  take  place 
(luriog  a  contractiou.  what  are  the  relations  of  the  histological  features  of  the 
muscle  fibre  to  the  art  of  contraction. 

Tbe  long  cylindrical  sheath  of  sarcolenima  is  occupied  by  muscle  substance. 

A'tcr  death  the  nmwie  substance  may  separate  from  the  sareolemma,  leaving 

liitter  as  a  diutinot  sheath,  hut  during  lite  the  muscle  sul)8tance  is  adherent 

n*    Mircolemma.  so  that  no  line  of  separation   between  the  two  can   be 

ii.u.lt    Mit ;  the  movements  of  the  one  fttllow  exactly  all  the  m<tvemeuts  of  the 

qtbcr 

Scattered  in  the  muscle  substance,  but,  in  the  manimul,  lying  for  tbe  muet 
part  clive  under  the  sarcolemma,  are  a  number  of  nuclei,  oval  in  shape,  with 
tbeir  long  axes  parallel  to  the  length  of  the  libre.  Around  each  nucleus  is 
«  thin  layer  of  granular-looking  substance  very  Mmilar  in  appearance  to  that 
formiDg  the  body  of  a  white  blood-corpuscle,  and  like  that  often  spoken  of 
ft*  otMiif^rentinteil  protoplasm.  A  small  quantity  of  the  same  granular  sub- 
•Moce  is  prolonged  for  some  distance,  as  a  narrow  conical  streak  from  each 
cad  of  the  nucleus,  along  the  length  of  the  fibre. 

With  the  excoptiou  of  theae  nuclei  with  their  granular-looking  bed  and 
the  end- plate  or  end-plates,  to  be  presently  de8cril>€d.  all  the  rest  of  the 
cnclo^d  by  the  sarcolemma  from  one  end  of  the  fibre  to  the  other 
trs  to  he  occupie<l  by  a  i>eculiar  material,  ^^-m^^-r/  mtiMle  $ubttance. 
t  is  calleil  *(nated  because  it  is  marked  out,  and  that  along  the  whole 
Irn^lh  of  ihe  fibre,  by  transverse  bands  [Fig.  -^'i],  stretching  right  across  the 
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fibrc^  oi  sulMtance  which  is  very  tran!*[>arent,  bright  mbmtnucr,  alternating 
with  aimilar  t)an(Is  of  substance  which  has  a  dim  cloudy  appearance,  r/i'iu 
0mktlaneti:  that  is  to  say  the  fibre  is  mnrked  out  along  its  whole  length  by 
■llemaie  hriijhi  hnrnU  aiifl  tiim  handf.  The  bright  bands  are  on  an  average 
■boat  1  ^  or  1..)  ft  and  the  dim  band.«  about  2.5  /i  or  3  /<  thick.  By  careful 
liw«**inir.  U»th  bright  bands  and  dim  bands  may  be  traceti  through  the  whole 
-  of  the  tibre,  so  that  the  whole  fibre  ap|)ears  to  be  composed  of 
i^..^..i  ii?c*  and  dim  discs  placed  alternateiv  one  upon  the  other  along  the 
whole  length  of  the  fibre,  the  arrangement  being  broken  by  the  end-plate 
ead  here  and  there  by  the  nuclei. 
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When  a  muscular  fibre  is  treated  with  dilute  minei'al  acids  it  is  very  apt 
to  break  up  Irausveraely  iuto  discs  [Fig.  32],  thesarcolenmia  being  distoived, 
or  90  altered  as  easily  to  divide  into  fragments  corresponding  t*j  the  discs; 
and  a  disc  may  thus  be  obtainet^l  so  thin  as  to  couiprisie  only  a  single  dim  ur 
bright  band,  or  a  dim  baud  with  a  thin  laj^er  of  bright  substance  above  and 
below  it,  the  cleavage  having  taken  place  along  the  middle  of  the  bright 
bauds. 

When  treated  with  certain  reagents,  alcohol,  chromic  acid,  etc.,  the  fibre 
is  very  apt  to  split  up  (and  the  Hplitting  up  may  be  assisted  by  "  Ceasiug  ".) 
longitudinally  into  columned  of  variable  thickness,  some  of  which,  however, 
maybe  exceedingly  thin,  and  are  then  sometimes  spoken  of  as  *' fibrillie." 
Both  these  discs  and  fibrilhe  are  artiBeial  prodncts.  the  results  of  a  traus- 
verse  or  longitudinal  cleavage  of  the  dead,  hardened,  or  oiherwise  prepared 
muscle  substance.  They  may  moreover  be  nbtaiued  in  almost  any  thickness 
or  thinness,  and  these  discs  and  tibril]:e  do  not  by  themselves  prove  much 
beyond  the  fact  that  the  tibre  teiuls  to  cleave  iu  the  two  directions. 

The  living  llbre  however,  though  at  Limea  '[uite  glassy-looking,  the  bright 
bands  appearing  like  transparent  glass  and  the  dim  bands  like  ground  glass, 
is  at  other  times  marked  with  longitudinal  lines  giving  rise  to  a  longitudinal 
Rtriation,  sometimes  cons]>icuou8  and  occasionally  ohacnriug  the  transverse 
Btriation.  Iu  the  mui<c]es  of  some  insects  each  dim  baud  has  a  distinct  pali- 
sade appearance  aa  if  ma<lo  up  of  a  uufuber  of*'  librillai  "  or  "  rods"  platvd 
side  by  side  and  imbedded  iu  some  material  of  a  different  nature;  moreover 
these  fibrillffi  or  rods  may^  with  greater  difficulty,  be  traced  througli  the 
bright  bands,  and  that  at  times  along  the  whole  length  of  the  fibre.  And 
there  is  a  great  deal  of  evidence,  iuto  which  we  cannot  enter  here,  which 
goes  to  prove  that  iu  all  striated  niu.scle.  mammaliam  muscle  included,  the 
muscle  substance  Is  really  composed  of  longitudinally  plnced  natural  TifrnV/cr 
of  a  certain  nature,  imbedded  iu  au  interfibrilhr  substance  of  a  diflerent 
nature.  In  manunalian  muscle  and  vertebraie  muscle  generally  these  fibrilhe 
are  exceedingly  thin  and  in  m<»st  cases  are  not  sharply  defined  by  optical 
characters  from  their  interfibrillur  iK'd  ;  iu  insect  uuisclea  and  some  other 
muscles  they  are  relatively  large,  well  defined,  and  conspicuous.  The  arti- 
ficial fibrilhe  obtained  by  teasing  may  perhaps  in  some  cases  where  thev  are 
exceedingly  thin  correspond  lo  these  natural  fibrillie,  but  in  the  majority  of 
cases  they  certainly  do  not. 

Iu  certain  iusect  muscles  each  bright  hanil  has  in  it  two  (or  sometimes 
more)  dark  Hues  which  are  graiuilnr  in  ap|>earance  and  may  be  resolved  by 
adequate  magnifying  power  iuto  rows  of  granules.  Since  they  may  by  focus- 
Bing  be  traced  through  the  whole  thickness  of  the  fibre  the  lines  are  the 
expression  of  discs.  Frequently  the  Hues  iu  the  bright  bauds  are  so  conspic- 
uous as  to  coutribute  a  greater  share  to  the  trausverse  striatiou  of  the  fibre 
than  do  the  dim  bands.  Similar  granular  Hnes  (rows  or  rather  discs  of 
granules)  may  also  be  seen,  though  less  distinctly,  iu  vertebrate,  iucludiog 
mammalian,  muscle. 

Besides  these  granular  lines  whoee  position  in  the  bright  band  is  near  to 
the  dim  bauds,  «)ilen  appearing  to  form,  as  it  were,  the  up|}er  edge  of  the  dim 
baud  below  and  the  lower  edge  of  the  dim  band  above,  there  may  be  also 
sometimes  traced  anctther  transverse  thin  Hue  in  the  very  middle  of  the  bright 
band.  This  line,  like  the  other  lines  (or  bunds),  is  the  expression  of  a  disc 
and  has  been  lield  by  some  observers  to  represent  a  membrane  stretched 
across  the  whole  thickuess  of  the  fibre  and  adherent  at  the  circumference 
with  the  sarcolemma ;  in  this  sense  it  is  spoken  of  as  Kraus^'s  viembrane. 
The  reasons  for  believing  that  the  Hue  really  represents  a  definite  membrane 
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da  not  however  apfiear  to  be  adequate.  It  may  be  spoken  of  as  the  "  inter- 
in«di«te  line. " 

When  a  thin  trannverae  section  of  frozen  muscle  is  examined  quite  fVesh 
antler  a  high  (H)wer,  the  muscle  sul^stance  within  the  Fiarcolemma  \^  seen  to 
be  marked  out  into  a  number  of  small  more  or  le^s  polygonal  areas,  and  a 
nmitar  arrangemeut  into  areas  may  also  be  seen  in  transverse  sections  of 
pffVpared  muscle,  though  the  features  of  the  areas  are  somewhat  diHerent 
nom  tho«e  seen  in  the  fresh  living  fibre.  These  areas  are  spoken  of  as 
"(ohnhrim's  areas;"  they  are  very  much  larger  than  the  diameter  of  a 
fibrilla  as  indicated  by  the  longitudinal  striatioa,  and  indeed  correspond  to 
a  whole  bundle  of  such  fibrilbe.  Their  existence  seems  to  indicate  that  the 
fibriihe  are  arranged  in  longitudinal  prisms  separateil  from  each  other  by  a 
largtT  amount  of  interfihrillar  substance  than  that  uniting  together  the  indl- 
ridual  tibrillie  formiug  each  prism. 

Lastly  it  may  be  mentioned  that  not  only  are  the  varioas  grnnular  lines 
at  limes  visible  with  difficulty  or  quite  invisible,  but  that  even  the  distiuc- 
tioH  l>etween  dim  and  bright  bands  is  occasionally  very  faint  or  oW'ure,  the 
wholes  muscle  subfllance.  apart  from  the  nuclei,  appearing  almost  homogeneous. 

Without  attempting  to  discuss  the  many  and  various  interpretations  of  the 
above  and  other  details  concerning  the  minute  structure  of  striated  muscular 
fibr«.  w©  may  here  content  ourselves  with  the  l^dlowing  general  conclusions: 

'  1  )  That  the  muscle  substance  is  composed  of  longitudinally  dispose<l 
jjbrillfr  (prtibably  cylindrical  in  general  form  and  probably  arranged  in 
ioMtudinal  priian)  imbedded  in  an  interfibrilUxr  tntbatance,  which  appeat^ 
fn  Ko  T^'A  dltierenttated  than  the  fibrillie  themselves  and  which  is  probably 
^.  ^  with  the  undifferentiated   protoplasm  round    the    nuclei.      The 

iui^-iii/iiilar  substance  stains  more  readily  with  gold  chh)ride  than  do  the 
fibrilla-.  and  hence  in  gold  chloride  si>ecimena  apjjear  as  a  sort  of  meshwork, 
with  longitudinal  spaces  corresjwmding  to  the  Hbrilite. 

t'2\  That  the  intertibrillar  siittstance  is,  relatively  to  the  fibrillie,  more 
ahandant  in  the  muscles  of  some  animals  than  in  those  of  others,  being  for 
iaatanre  very  tM)nspicuous  in  the  muscles  of  insecU;.  in  which  animals  we 
•b<Hjld  naturally  expect  the  less  differentiate*!  material  to  be  more  plentiful 
tban  in  the  muscles  of  the  more  highly  developed  mammal. 

I ;{ I  That  ihe  tibrillfp  and  interfihrillar  sul»tance  having  different  refrac- 
tive jiowers,  some  of  the  optical  features  of  muscle  may  be  due,  on  the  one 
hu>d  to  the  relative  promtrtion  of  (ibrilla>  to  interlibrillar  substance,  and  on 
the  other  hand  ti:>  the  fibrillie  not  being  cylindrical  throughout  the  length 
of  tbe  fibre  but  con^tricteti  at  intervals,  and  thus  becoming  beaded  or 
Moniliform  :  for  instance  the  rows  of  granules  spoken  of  above  are  by  some 
rejc**^^  <M  corre«p<iiiding  to  aggregations  of  interHbrillar  material  filling 
ap  tbe  spaces  where  the  Hbrillaj  are  most  constricted.  But  it  does  not  seem 
puoNbie  at  the  preeeot  time  to  make  any  statement  which  will  satisfactorily 
explain  all  the  various  appearances  met  with. 

I  6ft.  Vfe  may  noir  return  to  the  question.  What  happens  when  a  contrac- 
tifto  ware  nreeps  over  the  fibre  ? 

Museular  fibres  may  be  examine<l  even  under  high  powers  of  the  micro- 
eoope  while  they  are  yet  living  and  contractile;  the  contraction  itself  may 
bnaecti.  but  the  rate  at  which  the  wave  tnivels  is  too  rapid  to  permit  satis- 
ftelory  obeervation.^  Inking  made  as  to  the  minute  changes  which  accompany 
the  oontraciiun.  It  tre<jueutly  happens  however  that  when  living  muscle 
has  brrti  treateii  with  certain  reagents,  us  for  instance  with  osndc  acid  vanor, 
and  pubaeqiiently  prepared  for  examination,  tibrea  are  found  in  whicn  a 
bolcing.a  thickening  and  shortening,  over  a  greater  or  less  part  of  the  length 
of  tbe  fibre.-bas  been  Kzed  by  the  fismic  acid  or  other  reagent.     Such  a 
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bulging  obviouflly  differs  froiu  ti  normal  contraction  in  being  conlineii  ti>  a 
pan  of  the  length  of  the  fibre,  whereas,  as  we  have  said,  a  normal  wave  of 
contractiou,  being  very  much  louger  than  any  fibre,  occupies  ibe  whole 
length  of  the  libre  at  once.  We  may  however  regard  this  bulging  as  a  very 
Bbort,  a  very  abbreviatei^l  wave  of  contraction,  and  assume  that  the  changes 
visible  in  sneh  a  short  bulging  also  take  place  in  a  normal  contraction. 

Admitting  this  assumption,  we  learn  from  such  preparations  that  in  the 
contracting  region  of  the  fibre,  while  both  dim  ami  bright  bands  become 
broader  across  the  fibre,  and  correspondingly  thinner  along  the  length  of  the 
fibre,  a  remarkable  change  takes  place  between  the  dim  bamls,  bright  bands, 
and  granular  lines.  We  have  seen  that  in  the  libre  at  rest  tbu  iutermediiUe 
line  in  the  briglit  baud  is  in  most  cases  inconspicuous ;  in  the  contracting 
fibre,  on  the  contrary,  a  dark  line  in  the  middle  of  the  bright  band  in  the 
position  of  the  inierinediale  line  becomes  very  distinct.  As  we  pass  along 
the  Kbre  from  the  beginning  of  the  contraction  wave  to  the  summit  of  the 
wave,  where  the  thickening  is  greatest,  this  line  becomes  more  and  more 
striking,  until  at  the  height  of  the  contraction  it  becomes  a  very  marked 
dark  hue  or  thin  dark  band.  Fari  ptiSMu  with  this  change,  the  distinction 
between  the  dim  and  bright  bands  become  les.-*  and  less  marked  ;  these 
appear  to  become  confused  together,  until  at  the  height  of  the  contraction, 
the  whole  spaw  between  each  two  now  eoaspieunus  dark  lines  is  occupied  by 
a  substaiice  which  can  be  called  ueillier  dim  nnr  bright,  but  which  in  con- 
trast to  the  dark  line  appears  more  or  less  bright  ami  transparent.  So  that 
in  the  contracting  part  there  is,  at  the  height  of  the  contraction,  a  reversal 
of  the  stflte  of  tilings  ])roper  to  tlie  part  at  rest.  The  place  occupied  by  the 
bright  band,  in  the  state  of  rest,  is  now  largely  tilled  by  a  conspicui>us  dark 
line  which  previously  was  represented  by  the  iiictmapicvious  intermediate 
line,  and  the  place  occu[)ied  by  itie  conspicuous  dim  baud  of  the  fibre  at  rest 
now  seems  by  comparison  with  the  dark  line  the  brighter  part  of  the  fibre. 
The  contracting  fibre  is,  like  the  fibre  at  rest,  striated,  but  its  striation  is  dif- 
ferent in  its  nature  from  the  natural  striation  of  the  resting  fihre;  and  it  is 
held  by  some  that  in  the  earlier  phases  of  the  contraction,  while  the  old  nat- 
ural striatiott  is  being  repla<>ed  by  the  new  striation,  there  is  a  stage  in  which 
all  striation  is  lost. 

We  may  add  that  the  outline  of  the  sarcolemraa^  which  in  the  fibre  at  rest 
is  quite  even,  becomes  during  the  contraction  indented  opposite  the  interme- 
diate line,  and  bulges  out  in  the  interval  between  each  two  intermediate 
lines,  the  bulging  and  indentation  becoming  more  marked  the  greater  the 
contraction. 

)i  56.  We  can  learn  something  further  about  this  remarkable  change  by 
examining  the  fibre  under  polarixeci  light. 

When  ordinary  light  is  scut  through  a  N'icol  prism  (which  is  a  rhomb  of  Tee- 
land  spar  divided  into  two  in  a  certain  direction,  the  htilves  being  fiul)f;equently 
oemented  together  in  a  special  way)  it  under^'oes  a  change  in  passing  throufedi  the 
prism  and  is  said  to  hn  poioyiz&i.  One  eflect  of  thin  poluri^utiun  is  that  a  t-ay 
of  li^ht  which  has  passt^d  tlirou^di  one  Nicul  prii^u  will  or  will  not  pass  throuuh  a 
second  Nicol  aecoruing  to  the  relfilive  pi^nition  of  the  two  prisms.  Thu.s,  if  the 
second  Nieol  be  so  placed  that  what  is  called  its  "optic  axis"  be  in  a  line  with  or 
parallel  to  the  optic  axis  uf  the  first  Nicol  the  li^ht  passinL'  through  the  first  Nictd 
will  also  pass  tnrouth  the  second.  But  if  the  >econd  Nicol  )>e  rotated  until  its 
optic  axis  is  at  right  angles  with  ihc  optic  axis  of  the  first  Nicol  none  of  the  li^hc 
pasininc  through  the  Ibruierwill  pass  through  the  Utter;  the  prisms  in  this  position 
arc  said  to  be  "crossed."  In  intermediate  positions  more  or  less  light  p:issos 
through  the  second  Nicul  acconlins  to  the  angle  between  the  two  optic  axes. 

Hence  when  one  Nicol  is  placed  beneath  the  ^tage  of  a  microscope  so  that  the 
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ii|chl  from  the  mirror  in  sent  throueh  it,  anrt  another  Nicol  ia  t'liLi^ed  in  the  e)'e- 
tptiro*,  thi*  6cM  of  the  tnicroscope  will  appear  dark  when  llie  *;ye-]>ie(.«  Nicol  ia 
rMALcti  Mi  that  its  opiic  axis  is  at  ri>{ht  aritfloj*  to  the  optic  axis  of*  the  lower  Nicol, 
aod  QOnMoaenily  the  light  passinir  through  tlio  lower  Nicol  is  Hiopped  hy  it.  If, 
bowercr.  llie  optic  axin  of  the  evepie*!c  Niwl  is  parallel  to  that  of  the  lower  Ntcol, 
the  lifht  from  the  latter  will  piss  throueh  the  former  and  the  Geld  will  he  bright ; 
•lid  ••  ihe  eye-pieee  is  jjradually  pjtated  from  one  position  to  the  other  the  hright- 
MMof  (he  tield  will  diiuini»h  or  inereiii^e. 

Both  the  NicoU  are  coiupo8e<l  of  doubly  refractive  material.  If  now  a  third 
^aUy  refractive  material  l>e  placed  on  the  Hla^e,  and  therefore  between  the  two 
Nii^U,  the  light  pas^inj;  through  the  lower  Nieol  will  (in  u  certain  position  of  the 
ive  material  on  the  stage,  that  ia  to  say.  when  ita  optic  axes  have  a 
on)  pOM  through  it.  and  also  througli  the  vrovxed  Nicol  in  the  eye* 
reoce  the  doubly  refractive  material  on  the  stage  {or  such  parts  of  it  as 
orv  in  the  proper  position  in  respect  to  their  ojitie  axes)  will,  when  the  eye-piece 
KmoI  ifl  crossed,  appear  illuminated  and  bnght  on  a  dark  field-  In  this  way  the 
tahtitoce  of  donbly  refractive  material  in  a  preparation  may  be  detected- 

When  mtucle  prepared  and  mounted  in  Canada  balsam  is  examined  in 
xhm  microacope  between  Nicol  prisma,  one  on  the  stage  below  the  object,  and 
tk*  other  in  the  eye-piece,  the  fibres  stand  out  as  bright  objects  on  the  dark 
gRMad  of  the  6eld  when  the  axes  of  the  prisms  are  crossed.  On  closer 
lioation  it  is  seen  that  the  parts  which  are  bright  are  chiefly  the  dim 
This  indicates  that  it  is  tbc  dim  bands  which  ure  doubly  refractive, 
tro//tV.  or  are  chiedy  mode  up  of  anisotropic  substance;  there  seems, 
iver,  to  be  some  slight  amount  of  anisotropic  substance  in  the  bright 
though  these  as  a  whole  appear  singly  refractive  or  Uoiropic.  The 
fibre  Accordingly  appears  banded  or  striated  with  alternate  bands  of  aniso- 
tfoyms  and  isotropic  material.  According  to  most  authors  such  an  alterna- 
tion of  anisotropic  and  (chiefly)  isotropic  bands  which  is  obvious  in  a  dead 
flsd  prepared  fibre  exists  also  in  the  living  fibre  ;  but  some  maintain  that  the 
living  fibre  is  uniformly  anisotropic. 

Now,  when  a  fibre  contracts,  iu  spite  of  the  confusion  previously  mentioned 
between  dim  and  bright  bands,  there  is  no  confusion  between  the  anisotropic 
And  isotropic  mat^frial.  The  anisotropic,  doubly  refractive  bands,  bright 
ttikier  crossed  Nicole,  occupying  the  po:>iti(>n  of  the  dim  bauds  in  the  resjting 
fibre,  remain  doubly  refractive,  bright  under  crossed  Nic/ds,  even  at  the  very 
hM^t  of  the  contraction.  The  isotropic,  singly  refractive  bands,  dark  under 
ornmnfl  Nicola,  occupying  the  position  of  the  bright  bands  in  the  fibre  at  rest, 
ffcnuun  isotnipic  and  dark  under  crossed  Nicols  at  the  very  height  of  the 
?iion.  All  that  can  be  neen  is  that  the  singly  refractive  isotropic  bands 
le  very  thin  indeed  during  the  contraction,  while  the  anisotropic  bands, 
tboagb  of  course  becoming  thiuner  and  broader  in  the  contraction,  do  not 
be«rMise  so  thin  as  do  the  isotropic  bands;  in  other  words,  while  both  bands 
become  thinner  and  broader,  the  doubly  refractive  anisotropic  bauil  seems 
tn  iuirrettde  at  the  expense  of  the  singly  refractive  isotropic  band. 

$57-  VVe  call  attention  lu  these  facts  because  they  show  how  complex  is 
thv  met  of  cfintractiou.  The  mere  broadening  and  shortening  of  each  section 
of  tbe  fibre  is  at  buttom,  a  translocation  of  the  molecules  of  the  muscle  aub- 
If  we  imagine  a  ajmpany  of  100  soldiers,  ten  ranks  deep,  with  l«n 
{»  r4ich  rank,  rapidly,  but  by  a  series  of  gradations,  to  extend  out  into 
a  Jotlhlr  line  with  .^O  men  in  each  line,  we  shaH  have  a  rough  image  of  the 
■Mnreoynt  of  the  molecules  during  a  muscular  contraction.  But,  from  what 
bM  b«eii  said,  it  i.H  obviou:?  that  the  movement,  in  striated  muscle  at  least,  is 
%  yfsrj  complic4ited  one ;  in  other  fornu  of  contractile  tissue  it  may  be.  as  we 
•ball  tee,  more  simple.  Wliy  the  movement  is  so  complicated  in  striated 
iBTMclr,  what  purttoses  it  serves,  why  the  skeletal  muscles  are  striated,  we  do 
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not  at  present  know.  Apparently  where  swift  and  rapid  contraction  is 
required  the  contractile  tissue  ia  striated  niiiacle;  hut  how  thestriation  helps, 
80  to  speak,  the  contraction  we  do  not  know.  We  cannot  say  what  ehare  in 
the  act  of  coutractiou  is  to  be  allotted  to  the  several  parts.  Since,  during 
a  contraction,  the  fibre  bulge*  out  more  opp<j«ite  to  each  dim  disc,  and 
ie  indented  upposite  to  each  bright  disc,  since  the  dim  disc  is  more  largely 
composed  dC  anisotropic  material  than  the  rest  of  the  fibre,  and  since  the 
anisotropic  material  in  the  position  of  the  dim  disc  increases  during  a  con- 
traction we  might  perhaps  infer  that  the  dim  disc  rather  than  the  bright 
disc  is  the  essentially  active  part.  Assuming  that  the  tibrillar  substance  is 
more  abundant  in  the  dim  dii^cs,  while  the  inlerfibrillar  substance  is  more 
ainindant  in  the  bright  discs,  nnd  thai  the  fibrillar  substance  is  anisotropic 
(and  hence  the  dim  discs  largely  anisotropic),  while  the  interfibrillar  sub- 
stance is  isotropic,  we  might  also  be  inclined  to  infer  it  is  the  fibrillar  and 
not  the  iuterfibriHar  substance  which  really  carries  out  the  contraction  ;  but 
even  this  niuch  is  uoL  yet  delinitely  proved. 

One  thing  must  l>e  remembered.  The  muscle  substance,  though  it  pos- 
sesses the  complicated  structure,  and  gnea  through  the  remarkable  changes 
which  we  have  described,  is  while  it  is  living  and  intact  in  a  condition  which 
we  are  driven  to  speak  of  as  semi  tiuid  The  whole  of  it  is  essentially  mobile. 
The  very  act  of  contraction  indee<lahows  this;  but  it  ismubile  in  the  sense  that 
no  part  of  it,  except  of  course  the  nuclei  and  .sarcolemmrt^  neither  dim  nor 
bright  substance,  neither  fibrillar  nor  intertibri  liar  substance,  can  be  regarded 
as  a  hard  and  fust  structure.  A  minute  nematoid  worm  has  been  seen  wan- 
dering in  the  midst  of  the  substance  of  a  living  contractile  fibre;  as  it  moved 
along,  the  muscle  substance  gave  way  before  it,  and  closed  up  again  behind  it, 
dim  bands  and  bright  hands  all  falling  hack  into  their  pro]>er  places.  We  mar 
suppose  that  in  this  case  the  worm  threaded  its  way  in  a  Huid  inlerfibrillar 
suWancc  between  and  among  highly  extensible  and  elastic  fibrillar.  But 
even  on  such  a  view,  and  still  more  on  the  view  that  the  fibrillar  sub.stance 
also  was  broken  and  closed  up  agaiii,  the  uuiintcjmuce  of  t^uch  definite  histo- 
logical features  as  those  which  we  have  described  in  material  so  mobile  can 
only  be  effected,  even  in  the  fibre  at  rest,  at  some  considerable  expenditure 
of  energy  ;  which  energy  it  may  be  expected  has  achemic4il  source.  During 
the  contraction  there  is  a  still  further  expenditure  of  energy,  some  of  which, 
as  we  have  seen,  may  leave  the  muscle  as  "  work  done  ;  "  this  energy,  like- 
wiae,  may  be  expected  to  have  a  chemical  source.  We  must,  therefore,  now 
turn  to  the  chemistry  of  muscle. 

Uie  Chemistry  of  Mu^le, 

§58.  We  said  in  the  Introduction  lliat  it  was  difficult  to  make  out  with 
certainty  the  exact  chemical  difi^erences  between  dead  and  living  sub- 
stance. Muscle,  however,  in  (lying  undergoes  a  r^^markable  chemical  diange, 
which  may  be  studied  with  comparative  ease.  We  have  already  said  that 
all  muscles,  within  a  certain  time  after  removal  from  the  body,  or,  if  still 
remaining  part  of  the  Ixxly,  within  a  certain  time  after  "general  "  death  of 
the  body,  lose  their  irritability,  and  that  the  Io.«.s  <»f  irritability,  which,  even 
when  rapid,  is  gradual,  is  succeeded  by  an  event  which  is  somewhat  more 
sudden,  viz.,  the  entrance  into  the  condition  known  as  ripor  mortis.  The 
occurrence  of  rigor  mortis,  or  cadaveric  rigidity,  as  it  is  sometimes  called, 
which  mav  be  considered  as  a  token  of  the  death  of  the  muscle,  is  marked 
by  the  following  features  :  The  living  muscle  possesses  a  certain  translut^ncy, 
the  rigid  muscle  is  distinctly  more  opaque.  The  living  muscle  is  very  exten- 
sible and  elastic,  it  stretches  readily  and  to  a  considerable  extent  when  a 
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weight  b  huDg  upon  it,  or  wben  any  traction  is  applied  to  it.  but  speedily 
■iwi,  iitidor  normal  circumstancea,  completely  returna  to  its  original  length 
when  the  weight  or  traction  is  removed ;  as  we  shall  see,  however,  the 
mpidity  and  oompleteneas  of  the  return  depends  on  the  condition  of  the 
.nusflcle,  a  well-nourinhed  active  muscle  regaining  its  normal  length  much 
ttiore  rapidly  and  completely  than  a  tired  and  exhauHtetl  muscle.  A  dead 
rigid  muacle  ia  much  leas  extensible,  and  at  the  same  time  much  less  elastic ; 
lb«  muacle  now  requires  considerable  force  to  stretch  it,  and  when  the  force 
is  removed,  does  not.  as  before,  return  to  its  former  length.  To  the  touch 
tbe  rigid  muacle  has  lost  much  of  it^  former  soAness,  and  has  l>ecome  tirmer 
And  more  resistant.  The  entrance  into  rigor  mortis  is.  moreover,  acconipa* 
Died  by  a  shorteotog  or  contraction,  which  may,  under  certain  circumstances, 
be  GOttfiiderable.  Toe  energy  of  this  contraction  is  not  great,  so  that  any 
acitial  shurtening  is  easily  prevented  by  the  presence  of  even  a  slight  opposing 
fortse. 

Now  the  chemical  feature  of  the  dead  rigid  muscle  are  alao  strikingly 
diArrviii  from  those  of  ihe  living  maacle. 

5  M.  If  a  ileaii  mit,'K;/«\  from  which  all  fat,  tendon,  fascia,  and  connective 
taavue  have  been  as  murh  as  possible  removc{l,  and  which  has  been  freed  from 
blood  by  the  injection  of  "nomial"  saline  solution,  be  minced  ami  repeatedly 
washed  with  water,  tbe  washingii  will  contain  certain  forms  of  albiiniin  and 
certain  extrairtive  bodies  of  which  we  shall  speak  directly.  When  the  wash- 
iog  has  l)eeu  continued  until  the  wai*h-water  gives  no  proteid  reaction,  a 
large  portion  <d' muscle  will  still  remain  undisHolved.  If  this  be  treated  with 
a  10  per  cent,  solution  of  a  neutral  salt,  timmouium  chloride  being  the  best, 
a  large  portion  of  it  will  become  dissolved  ;  the  wlution,  however,  is  more 
or  leai  imperfect  and  filters  with  difiiculty.  If  the  filtrate  be  allowed  to  fall 
clrf>p  by  drop  into  a  large  quantity  of  distilled  water,  a  white  flocculent 
matter  will  l>e  precipitated.  This  flocculent  precipitate  is  mifonu.  Myosin 
ia  a  proteid.  giving  the  ordinary  proteid  reactions,  and  having  the  same  gen- 
eral elementary  composition  as  other  proteids.  It  is  soluble  in  dilute  saline 
eolations,  especially  tliose  of  ammonium  chloride,  and  may  be  classed  in  the 
l^lobulin  family,  though  it  is  not  so  soluble  as  para^lobidin.  reijuiriuf;  a 
atronger  solution  of  a  neutral  salt  to  dissolve  it;  thus,  while  solnhle  in  a 
{»  or  10  per  cent,  solution  of  such  a  salt,  it  is  far  lens  soluble  in  a  1  f»er  cent. 
■oJotion,  which,  as  we  have  seen,  readily  dissolves  paraglobnlin.  From  its 
'•aolationa  in  neutral  saline  solution  it  U  precipitated  by  saturation  with  a 
ijMatral  salt,  preferably  sodium  chloride,  and  may  be  purified  by  being 
uraabed  with  a  saturated  solution,  dissolved  again  in  a  weaker  solution,  and 
rtf>recipi toted  by  saturation.  Dissolved  in  saline  solutions  it  readily  coagu- 
lates wncn  heated — i.  e.,  is  converted  into  coagulated  proteid — and  it  is 
worthy  of  notice  that  it  coagulates  at  a  comparatively  low  temperature,  viz., 
ftbout  56^  C;  this,  it  will  be  remembered,  is  the  temperature  at  which  fibrin- 
ogen is  coagtilatedf  whereas  paraglobnlin,  senimaloumin,  and  many  other 
proCeids  do  not  coagulate  until  a  higher  temperature  (75^  C.)  is  reached. 
eolotions  of  myosin  are  precipitated  by  alcohol,  and  the  precipitate,  ob  in  the 
•csae  of  other  proteids,  becomes,  by  continued  action  of  the  alcohol,  altered  into 
ooaffolAted  iDBolublo  proteid. 

We  have  seen  that  {mraglobulin,  and,  indeed,  any  member  of  the  globulin 
^groupr  i*  verr  readily  change<l  by  the  action  of  dilute  acids  into  a  body 
caUlea  atid-albnmin^  characterized  by  not  being  soluble  either  in  water  or  in 
I  flilnte  saline  &>^ilutions,  but  rea^lily  soluble  in  dilute  acids  and  alkalies,  from 
ha  solutions  in  either  of  which  it  is  precipitated  by  neutndixatitm,  and  bv  the 
lact  that  the  solutions  in  dilute  acids  and  alkalicfiare  not  coagulated  by  lieat. 
W^ea,  therefore,  a  globulin  is  dissolved  in  dilute  acid,  what  takes  place  is 
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not  a  mere  solution,  but  a  chemical  change ;  the  globulin  cannot  be  got  back 
from  the  solution,  it  has  been  changed  into  acid-albumin.  Similarly  when 
globulin  is  dis^Uved  in  dilute  alkalies  it  is  chan^d  into  nlkali-albumin ; 
and,  broadly  speaking,  alkaii-albumin  precipitated  by  neutralization  can  be 
chaofsed  by  solution  with  dilute  acids  into  acid-albumin,  and  acid-albumia 
by  dilute  alkalies  into  allcali-nlbumin. 

Now  myosiu  i^  similarly,  and  even  more  readily  than  is  globulin,  converted 
iuii»  acidatbumin,  and  by  treating  a  muscle,  either  washed  or  not,  directly 
with  dilute  hydrochloride  acid,  the  myosin  may  beconverte<l  intoacid-alburaia 
and  difi«olved  out.  Acid-albumin  obUiiued  by  dissolving  muscle  in  dilute 
acid  used  to  be  called  aifiitonin,  and  it  used  to  he  said  that  a  muscle  coutaiued 
syntnnin;  the  muscle,  Ikowever,  contains  myosin,  not  syntonin,  but  it  may  he 
useful  to  retain  the  word  syntonin  U\  denote  acid-albumin  obtained  by  the 
action  of  dilute  acid  on  myosin.  By  the  action  of  dilute  alkalies,  myosin 
may  similarly  be  converted  into  alkali-albumin. 

From  what  has  been  above  stated  it  is  obvious  that  myosin  has  many 
analogies  with  fibrin,  and  we  have  yet  to  mention  some  striking  analogies; 
it  is.  however,  much  more  soluble  than  fibrin,  and,  speaking  generally,  it 
may  be  said  to  be  intermediate  in  its  character  between  fibrin  and  globulin. 
On  keeping,  and  es[>ecially  on  drying,  il«  sohibility  is  much  diminifified. 

Of  the  substances  which  are  left  in  washed  muscle,  from  which  alt  the 
myosin  has  been  extracted  by  ammonium  chloride  solution,  little  is  known. 
If  washe<l  muKcle  be  treated  directly  with  dilute  hydrochloric  acid,  a  largo 
jmri  of  ihe  material  of  the  muscle  passes,  as  we  have  said,  at  once  into  syn- 
tonin. The  quantity  of  syntonin  thus  obtained  may  be  taken  as  roughly 
representing  the  tjuantity  of  myosin  previously  existing  in  the  muscle.  A*, 
more  prolonged  action  of  the  acid  utay  dissolve  out  other  proteids,  besidevi 
myosin,  left  after  the  washing.  The  portion  insoluble  in  dilute  hydrochloric 
acid  consists  in  part  of  the  gelatin  yielding  and  other  substances  of  the  sarco- 
lemma  and  of  the  connective  and  other  tissues  between  the  bundles,  of  the 
nuclei  of  these  tissues  and  of  the  fibres  themselves,  and  in  part,  iK)68ibly,  of 
some  portion*of  the  muscle  suljstanoe  itaelf  We  are  not,  however,  at  present, 
in  a  position  to  make  anv  very  definite  statement  as  to  the  relation  of  the 
myosin  to  the  structural  features  of  muscle.  Since  the  dim  bands  are  rendered 
very  indistinct  by  the  action  of  a  10  per  cent,  sodium  chhtride  solution,  we 
may,  perhaps,  infer  that  myosin  enters  largely  into  the  composition  of  the 
dim  baud*,  and,  therefore,  of  the  fibrilla;;  but  it  would  be  hazardous  to  say 
much  more  than  this. 

$  60.  Living  muscle  may  be  frozen,  and  yet,  after  certain  precautions 
will,  on  being  thawed,  regain  its  irritability,  or,  at  all  events,  will  for  a  time 
be  found  to  be  still  living  in  the  sense  that  it  has  not  yet  passed  into  rigor 
mortis.  We  may,  therefore,  take  living  muscle  which  has  been  frozen 
still  living. 

If  fiviny  contractile  miMcicy  freed  as  much  as  possible  from  blood,  be  frozen, 
and  while  frozen,  minced  and  rubbed  up  in  a  mortar  with  tour  times  its  weight 
of  snow  containing  1  per  cent,  of  sodium  chloride,  a  mixture  is  obtained 
which,  at  a  tem|)erature  Just  below  0"  C,  is  suttifiently  fluid  to  be  filtered, 
thnugh  with  difificulty.  The  slightly  opalescent  filtrate,  or  m\wrle  plnmia,  aa^ 
it  is  called,  is  at  first  quite  fluid,  but  will,  when  exposed  to  the  ordinary  tem- 

iteratnre,  become  a  solid  jflly,  nnd  nflerward  .''eparate  into  a  dot  and  aemm. 
t  will,  in  fact,  coagulate  like  hlomiplasma,  with  this  difference,  that  the  clot 
is  not  firm  and  fibrillar,  but  loose,  granular,  and  tiocculent.  During  the 
coagulation  the  fluid,  which  before  was  neutral  or  slightly  alkaline,  become 
distinctly  acid. 
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The  clot  u  myosin.  It  givee  all  the  reactions  of  myosin  obtained  from 
<l«aul  mu^le. 

Th«  »eruiii  eonLaiua  an  albiiitiiii  very  Hiiuilar  to.  if  not  identical  with 
tttnini  alhumin.  a  fflcibuliu  ditTering  st^mewhat  from,  iiud  congiilntin^  at  u 
lo>tiV«r  temperature  than  )mrHgiobiiiin,  and  which  to  distinguish  it  from  the 
Ktobtilin  nf  hUvni  has  t>een  called  myogLJuUht.^  some  other  proteids  which 
ne-nl  niil  be  described  here,  and  various  *' extracti^'es*'  of  which  we  shall 
i*{icmk  directly.  Such  muscles  ari  are  red  also  contain  a  dmali  ijuantitv  <>f 
lUMDOglobin,  and  of  another  allied  pigment  called  hiniohirmatin,  to  which 
pigmrnl*,  indeed,  their  redness  h  due. 

Tha«»  while  dead  muscle  contuins  my(»*iu,  albumin,  and  other  proteids, 
«>ztl«clives,  and  certain  insoluble  matters,  together  with  gelatinous  and  other 
•nbslaDOQi  not  referable  to  the  muscle  substance  itself,  living  aiusfrle  contains 
DO  roro«in,  but  some  sul)^tuncc  or  substances  which  bear  sftmewhat  the  same 
relation  to  myocin  that  the  antecedents  of  fibrin  do  to  fibrin,  and  which  give 
riar  to  myoain  upon  the  death  of  the  muscle.  There  are,  indeed,  reasons  for 
thinking  that  the  myosin  arises  from  the  conversion  of  a  previously  existing 
botly  which  mav  be  called  myoMnogtn^  and  that  the  c<mversion  takes  pUice, 
nr  mAV  take  place,  by  tlie  action  of  a  special  ferment,  the  c<mversion  of 
myctfinogeD  into  myosin  being  very  analogous  lo  the  couversion  of  fibrinogen 
iiiU»  fibrin. 

We  may,  in  fact,  speak  of  rigor  m  irtis  as  characterized  by  a  coagulation 
of  the  muscJe-plasma,  comparable  to  the  coagulation  of  bloml-pia.'^ma,  but 
diflSsring  from  it  inasmuch  :is  the  product  is  not  Hbrin  but  myosin.  The 
rigidity,  the  lose  of  suppleness,  and  the  diminished  translucency  appear  to 
Im  at  aJl  events  largely,  though  probably  not  wholly,  due  to  the  change  from 
ibe  Auiil  plasma  to  the  solid  myi>sin.  We  might  compare  a  living  muscle 
to  a  number  of  Hne  transparent  membranous  tubes  containing  plood-plasma. 
Wheo  this  blood-plasma  entere*J  into  the  "jelly"  stage  of  coagulation,  the 
antem  of  tubes  would  pra^ent  many  of  the  phenomena  of  rigor  mortis. 
Th«y  would  lo«e  much  of  their  suppleness  and  trausluoency.  and  ac<)uire  a 
crrlain  amount  of  rigidity. 

J  61.  There  is.  however,  one  very  marked  and  important  difference  be- 
twveti  the  rigor  mortis  of  muscle  and  the  coagulation  of  blood.  Blood  dur* 
faifc  ita  coagulation  undergoes  a  slight  change  only  in  its  reaction ;  but  mus- 
cle during  the  onset  of  rigor  mortis  becomes  distinctly  acid. 

A  living  muscle  at  rest  is  in  reaction  neutral,  or.  |>osflibly  from  some 
rBntains  of  lymph  adhering  to  it,  faintly  alkaline.  If,  on  the  other  hand, 
ibr  rcActioQ  of  a  thoroughly  rigid  muscle  be  tested,  it  will  be  found  to  be 
mtMi  difitiuctir  acid.  Tliis  development  of  an  acid  reaction  is  witncs8e<l  not 
aoty  in  the  solid  untouched  tibre  but  also  in  expressed  muscle-plasma  ;  it 
•rrms  to  lie  associated  in  some  way  with  the  apftearance  of  the  myosin. 

The  exact  causation  of  this  acid  reaction  has  not  at  present  been  clearly 
worked  out.  Since  the  f„v>lnration  of  the  litmus  produced  is  permanent, 
earbonic  acid,  which,  as  we  shall  immediate!  v  state,  is  set  free  at  the  ^me 
tSflM;  cannot  be  regarded  as  the  active  aciJ,  for  the  reddening  of  litmus 
■nalni  I  il  by  carlxMii<-  acid  sjicedily  disappears  on  exjMisure.  On  the  other 
band  it  is  possible  to  extract  from  rigid  muscle  a  certain  ijuantity  rd*  luetic 
acid,  or  rather  of  a  variety  of  lactic  acid  known  as  snrcolartic  acid  ; '  nod 
it  lias  been  thought  that  the  ap{>eanince  of  the  acid  reaction  of  rigid  mnr^cie 
ia  dtte  to  a  new  ftjrmation  or  to  an   increiuied  formation  of  this  sarcolactic 
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acid.      There  is  much  to  be  said  in  favor  of  this  view,  but  it  cannot  at 
present  be  reganled  as  establiebed  beyond  dispute. 

Coincident  with  tiie  uppenmnce  of  thia  acid  reaction,  though,  as  we  have 
said,  not  the  direct  canse  of  it,  a  large  development  of  carbonic  acid  takes 
place  when  rauscle  becomes  rtgiil.  IrriUible  living  muscular  substance,  like 
ail  living  auiwtanoi^,  U  eoiitinunllv  respinuf^,  that  is  to  say,  is  continually 
C4)iisnming  oxygen  tiiid  giving  out  earhijuic  acid.  In  the  body,  the  arterial 
blood  Roiri^  u*  the  musric  <^ives  up  some  of  its  oxygen,  and  gains  a  quantity 
of  carbonic  acid,  thus  Incoming  veuuus  as  it  passes  through  the  muscle 
capillaries.  Even  after  removal  from  the  body,  the  living  muscle  continues 
to  take  up  from  the  surrounding  Atmosphere  a  certain  quantity  of  oxygen 
and  to  give  out  a  certain  quantity  of  carbonic  acid. 

At  the  onset  of  rigor  mortis  there  in  a  very  large  and  sudden  increase  in 
this  production  of  carbonic  acid,  in  fact  an  dutburst  as  it  were  of  that  gas. 
Thia  is  a  phenomenon  deserving  special  attention.  Knowing  that  the  car- 
bonic ncid  which  is  the  outcome  of  ihe  respiration  of  the  whole  body  is  the 
result  of  the  oxidation  o(  carbon-hoUling  substances,  we  might  very  natu- 
rally suppose  that  the  increase<l  production  of  carbonic  acid  attendant  on  the 
development  of  rigor  mortis  is  due  to  the  fact  that  during  that  event  a 
certain  quantity  of  the  carhoD-hotdiug  constituents  of  the  muscle  are  sud- 
denly oxidized.  But  such  a  view  is  negatived  by  the  following  facts:  In 
the  first  place,  the  increased  production  of  carbonic  acid  during  rigor  mortis 
is  not  accompanied  by  a  corresponding  increase  in  the  c<m8umption  of 
oxygen.  In  the  second  place,  a  muscle  (of  a  frog  for  instance)  contains  in 
itself  no  free  or  loosely  attaclied  oxygen ;  when  subjected  to  the  action  of  a 
mercurial  air-pump  it  give;*  off  no  oxygen  to  a  vacuum,  offering  in  this  re- 
spect a  marked  contrast  to  blood ;  and  yet,  when  plaee^l  in  an  atmosphere 
free  from  oxygen,  it,  will  uol  only  continue  to  give  off  carbonic  acid  while  it 
remains  alive,  hut  will  al^o  exhibit  al  the  onset  of  rigor  mortis  the  same 
increiu*Ki  pnKliiction  of  carbonic  acid  that  la  shown  by  a  muscle  placed  in 
an  atmosphere  containing  oxygen.  It  is  obvious  that  in  such  a  caife  the 
carbonic  acid  does  not  arise  from  the  direct  oxidation  of  the  muscle  sub- 
etance,  for  there  is  no  oxygen  present  at  the  time  to  carry  on  that  oxidation. 
We  are  driven  to  suppose  that  during  rigor  mortis,  some  complex  body,  con- 
taining in  itself  ready-formed  carbonic  acid,  so  to  sjieak,  is  split  up,  and 
thus  carbonic  acid  is  set  free,  the  process  ot  oxidation  by  which  that  car- 
bonic acid  was  formed  out  of  the  carbon-holding  constituents  of  the  muscle 
having  taken  place  at  s<ome  anterior  date. 

Living  resting  muscle,  then,  is  alkaline  or  neutral  iu  reaction,  and  the 
substance  of  its  dbres  contains  a  coagulable  plasma.  Dead  rigid  muscle  on 
the  other  fiand  is  acid  iu  reaction,  aud  uo  longer  contains  a  coagulable 
plasuju,  ^Jut  is  luilcu  with  the  solid  myosiu.  Further,  the  change  from  the 
living  irritable  condition  to  that  of  rigor  mortis  is  accompanied  by  a  large 
and  sudden  development  of  carbonic  acid. 

It  is  found,  moreover,  that  there  is  a  certain  amount  of  parallelism 
between  the  intensitv  of  the  rigor  mortis,  the  degree  of  acid  reaction  aud 
the  qimntity  of  carf)onic  acid  given  out.  If  we  suppose,  as  we  fairly 
may  do,  that  the  intensity  of  the  rigidity  is  dependent  on  the  quantity  of 
myosin  deposited  in  the  fibres,  and  the  acid  reaction  Uj  the  development  if 
not  of  lactic  acid,  at  least  of  some  other  sub^ttance.  the  parallelism  hetween 
the  three  products,  myosin,  acid-proflucing  substance,  and  carbonic  acid, 
would  suggest  the  idea  that  all  three  are  the  results  of  the  aplitting-upof  the 
same  highly  complex  substance.  No  one  has  at  present,  however,  succeeded 
in  isolating  or  in  otherwise  detiiiitey  proving  the  existence  of  such  a  body,  and 
though  the  idea  seems  tempting,  it  may  in  the  end  prove  totally  errone^ms. 
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$  6S.  A«  to  the  other  proteids  of  muscle,  such  a&  the  albuiuiD  and  the 

Sobalin,  we  know  as  yei  n{»thing  coiUH»niing  the  parts  which  they  play  and 
«  changes  vfhich  tbey  undergo  in  the  living  muscle  or  in  rigor  mortis. 
B«Bidee  the  fat  which  \s  found,  and  that  not  int'retiuently  in  abundance, 
in  the  connective  tissue  between  the  fibres,  there  is  also  present  in  the  mus- 
cuUr  sub«tAnce  within  the  sarcoleniiuu.  always  Home,  ana  at  times  a  great 
of  tair  chieJiy  ordinary  fet,  viz.,  stearin,  nalmitin,  and  olein  in  variable 
tition,  but   also  the  more  conipleK   fat  lecithin.     As  to  the  function  of 
aeveral  fat**  iu  the  life  of  the  muscle  we  know  little  or  injthing. 
(hrhohydrftffjt,  the  third  of  the  three  great  claases  in  which  we  may  group 
the  energy-holding  substances  of  which   the  animal   body  and  its  fotxl  are 
alike  composed,  viz.,  proteids*   fat,   and   carbohydrate8,  are   represented  in 
fDOacle  by  a  peculiar  body,  gli/cogen,  which  we  shall  have  to  study  in  detail 
later  on.     We  must  here  merely  say  that  glycogen  is  a  body  closely  allied 
to  ■tarch.  having  a  formula,  which  may  be  included    under   the   general 
fbnntila  for  starches,  x  (,C«H„Oh ).  and  may  like  it  be  converted  by  the  action 
otf  acids,  or  by  the  action  of  particular  ferments  known  aa  amylolytic  fer- 
into  some  form  of  sugar,  dextrose  (CfH,,0,).  or  some  allied  sugar, 
ty,  if  not  all,  living   mus(!]ea  contain  a  certain  amount,  and  Home,  under 
[crrtain  clrcurastaoces,  a  considerable  amount  of  glycogen.     During  or  after 
i^r<>r  mortis  this  glycogen  is  very  apt  to  be  converted  into  dextrose,  or  an 
illi^nl  sugar.     The  muscles  of  the  embryo  at  an  early  stage  contain  a  rela- 
i-ly  enormous  quantity  of  glycogen,  a  fact  which  suggests  that  the  glyco- 
of  muscle  is  carbohydrate  food  of  the  muscle  about  to  be  wrought  up 
ihf  living  muscular  substance. 
Tbe  bodies  which  we  have  called  exlractives  are  numerous  and  varied. 
Tbey  ore  especially  interesting,  aince  it  seems  probable  that  they  are  waste 
lucta  of  the  metabolii^m  of  the  muscular  substance,   and  the  study  of 
may  be  expected   to  throw  light  on   the  chemical  change  vfhich  mus- 
flttlar  siibstaooe  undergoes  during  life.     Since,  as  we  shall  see,  muscular 
ibstanoe  forms  by  far  the  greater  part  of  the  nitrogenous,  that  is,  |)roteid 
of  the  bo«ly,  the  nitrogenous  extractives  of  muscle  demand  peculiar 
iltoo.     Now  the  Ixxly  ureo,  which  we  shall  have  to  study  in  detail  later 
Ikr  exceed-s  in  impt>rtAUce  all  the  other  nitrogenous  extractives  of  tbe 
It  as  a  whole,  since  it  is  practically  the  one  form  in  which   nitrogenous 
tie*  leave  tbe  body  :  if  we  include  with  urea  the  closely  allied  uric  acid 
[whicb  for  preaent   purjMMws  may  simjily  be  regarded  as  a  variety  of  urea), 
may  aay  that  all  tbe  nitrogen  taken  iu  as  food  sooner  or  later  leaves  the 
Ijraaurea:  compared   with   this  all   other  nitrogenous  waste  thrown  out 
tbe  body  is  inaigniHcant.     Of  the  urea  which  thus  leaves  the  lx>dy,  a 
l«rable  portion  must  at  some  time  or  other  have  existed,  or  to  speak 
lofv  exactly,  its  nitrogen  must  have  existed  as  the  nitrogen  of  the  proteids 
f  muAcular  substance.     Nevertheless,  no  urea  at  all  is,  in  normal  condi- 
'taoofl,  present  in  muscular  subetanoe  either  living  and   irritable  or  dead  and 
viriJ  ;  urea  does  not  arise  in  muscular  substance  itself  as  one  of  the  imme- 
diate waste  pruduclB  of  muscular  substance. 

Tbcre  is,  however,  always  present  in  relatively  considerable  amount,  on  an 
ibout  0.*i.5  per  cent,  of  wet  muscle,  a  remarkable  bo<ly,  h'eatin.    This 
ia  cne  sense,  a  com|>ound  of  urea  ;   it  may  be  split  up  Into  urea  and  sar- 
This  latter  body  is  a  methyl  glycin,  that  is  to  say,  a  glycin  in  which 
lyl  has  been  substituted  for  hydrogen,  and  glycin  itself  is  amido-acetic 
a   compound  of  amidngcn,  that  is  a  repri'ftentaiivc  of  ammonia  and 
at'id.     Hence  kreatin  contains  urea,  which   has  close  relations  with 
together  with  another  representative  of  ammonia,  and  a  surplus 
W  c«rbf>n  and    hydrogen  arranged  as  a  b<Hly  belonging  to  the  fatty  acid 
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seriee.  We  shall  have  to  return  to  this  kreatin  and  consider  iu  relation  tu 
urea  and  to  muscle  when  wc  come  to  deal  with  urine. 

The  other  nitrogenous  extractives  such  as  karnin,  hypoxauthin  (or 
sarkinj,  xanthin,  tauriu.  etc.,  occur  in  small  quantity,  and  need  not  be 
dwelt  on  here. 

Anion;;  noii-nitrogeuous  extractives  the  most  important  is  the  sarcolactic 
acid,  of  wliich  we  have  already  spoken ;  to  this  may  be  added  sugar  in  some 
form  or  other  either  coming  from  glycogen  or  from  some  other  source. 

The  aeh  of  muscle^  like  the  ush  of  the  blood  corpu»K^Ie8,  and,  indeed,  the 
ash  of  the  tissues  in  general,  as  distinguished  from  the  blood,  or  plaama,  or 
lymph  on  which  the  tissues  live,  is  characterized  by  the  preponderance  of 
potassium  salti^  and  of  plicisphfttos;  these  form,  in  fact,  nearly  ^0  per  cent,  of 
the  whole  ash. 

§  63.  We  may  now  pass  on  to  the  question,  What  are  the  chemical  changes 
which  take  place  when  a  living  resting  nuiscle  enters  into  a  contraction  *' 
These  changes  are  must  evident  after  the  muscle  lias  been  subjected  to  a  pro- 
longed tetanus;  but  there  can  be  no  doubt  thai  the  chemical  events  of  a 
tetanus  are.  like  the  physical  events,  simply  the  sura  of  the  results  of  the 
constituent  eiugle  contractions. 

In  the  first  place  the  muscle  becomes  acid,  not  so  acid  as  in  rigor  mortis, 
but  still  sufficiently  so  afler  a  vigorous  tetanus  to  turn  blue  litmus  distinctly 
red.  The  cause  of  the  ncid  reaction,  like  that  of  rigor  mortis,  is  doubtful, 
but  is  in  all  probnbility  the  same  in  both  cases. 

In  the  second  pUce,  a  consi<lerable  nuautity  uf  carbonic  acid  i^  set  free; 
and  the  production  of  curbonic  acid  in  muscular  coulraction  is  altogether 
similar  to  the  proiluctjon  ol*  carbonic  acid  during  rigor  mortis;  it  is  not 
accompanied  by  any  corresponding  increase  in  the  consumption  of  oxygen. 
This  is  evident  even  in  a  luuscle  through  which  the  circulaliou  of  blood  is 
still  going  on ;  for  though  the  blood  passing  through  a  contracting  muscle 
givea  up  more  oxygen  than  the  blood  passing  through  a  resting  muscle,  the 
increaBe  in  the  amount  of  oxygen  taken  tij*  falln  below  the  increase  in  the 
carbonic  acid  given  out.  But  it  is  still  more  markedly  shown  in  a  muscle 
removed  from  the  body;  for  in  such  a  muscle  both  the  contraction  and  the 
increase  in  the  production  of  carbonic  acid  will  go  on  in  the  absence  of  oxy- 
gen. A  frog's  muscle  suspended  in  an  atmosphere  of  nitrogen  will  remain 
irritable  for  some  considerable  time,  and  at  each  vigorous  tetanus  an  increase 
in  the  production  of  carbonic  acid  may  be  readily  ascertained. 

Moreover,  there  seems  to  be  a  correspondence  between  the  energy  of  the 
contraction  and  the  amount  of  curbonic  acid  and  the  degree  of  acid  reairtion 
pn>duced,  so  that,  though  we  are  now  treading  on  somewhat  uncertain  ground, 
we  are  naturally  led  to  the  view  that  the  easentitil  chemical  process  lying  at 
the  bottom  of  a  muscular  contraction  as  of  rigor  mortis  is  the  splitting  up  of 
some  highly  complex  substance.  But  here  me  resemblance  between  rigor 
mortis  and  contractittn  ends.  We  have  no  satisfactory  evidence  of  the  forma- 
tion during  a  contraction  of  any  body  like  myosin.  And  this  difference  in 
chemical  rcsultis  tnllics  with  an  important  difference  between  rigid  muscle 
and  contracting  muscle.  The  rigid  muscle,  as  we  have  seen,  becomes  lees 
extensible,  less  elastic,  less  translucent :  the  contracting  muscle  remains  no 
leas  translucent,  clastic,  and  extensible  than  the  resting  muscle,  indeed,  there 
are  reasons  for  thinking  that  the  muscle  in  contracting  becomes  actually 
more  extensible  for  the  time  being. 

But  if  during  a  contraction  myosin  is  not  formed,  what  changes  of  proteid 
or  nitrogenous  matter  do  take  place?  We  do  not  know.  We  have  no  evi- 
dence that  kreatin,  or  juiy  other  nitrogenous  extractive,  is  increased  by  the 
contraction  of  muscle;  we  have  no  evidence  of  any  nitrogen  waste  at  all  a«* 
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yie  remit  of  &  contraction  ;  anri,  indeed,  as  we  shall  see  later  on,  the  study 
of  the  waste  producU  of  the  body  ns  a  whole  lead  ug  to  believe  that  the 
t  f  the  work  done  by  the  muacles  of  the  body  comes  from  the  poten- 

r^jy  nf  carbfin  compounds,  and  not  of  nitrogen  compounds  at  all. 
liui  to  this  jM^int  we  shall  have  to  return. 

«  64.  We  may  sum  up  the  chemistry  of  mu&cle  somewhat  as  follows : 

During  life  the  muscular  substance  is  continually  taking  up  from  the 
bInoH,  thai  is,  from  the  lymph,  proteid,  fatty  and  p4irl>ohydrate  material, 
e»)in«  matten  and  oxygen;  the»e  it  builds  up  into  itJ^lf,  how  we  do  not 
know,  and  so  forms  the  {Hjculiar  complex  living  muscular  substance.  The 
exact  nature  of  thia  living  substance  is  unknown  to  us.  What  we  do  know 
m  that  it  is  largely  composed  of  proteid  material,  and  that  such  bodies  as 
Ajro^inogen.  myoglubulin,  and  albumin  have  Bumcthing  to  do  with  the 
building  of  it  up. 

During  rcat  this  muscular  eubstauce,  while  taking  in  and  building  ituelf 
up  <iui  of  or  by  means  of  the  abnve-montionod  materials  i.s  continimlly  giving 
otf  i*arbonic  acid  and  continually  forming  nitrogenous  waste  such  as  krentin. 
It  abo  probably  givea  otf  some  amount  of  sarcolactic  acid,  and  possibly 
other  noD-Ditrogeuou!4  wnnte  matters. 

During  a  ct)niracliou  there  in  a  great  increase  of  carbonic  acid  given  oflT 
of  either  lactic  acid  or  some  other  substance  giving  rise  to  an  aeid  reaction, 
«  gr«Hier  consumption  of  oxygen,  though  the  increase  is  not  equal  to  the 
iacreflse  of  carbonic  acid,  but,  a.s  far  as  we  can  learn,  no  increase  r>f  nilro- 
geoous  waste. 

During  rigor  mortis  there  is  a  similar  increased  production  of  carbonic 
»ciH  and  of  some  other  acid-producing  substance,  accompanied  hy  a  remark- 
•ble  coovcrsioo  of  myosinogen  into  myosin,  by  which  the  rigidity  of  the 
dead  fibre  is  brought  about. 


Thertnal  Changes, 


05.  The  chemical  changes  during  a  contraction  net  free  a  quantity  of 
jy.  but  only  a  |>orlion  of  this  energy  appears  in  the  **  work  done,"  a  con- 
drrable  portion  takes  on  the  form  of  heat.    Though  we  shall  have  hereafter 
ti»  treat  this  subject  more  fully,  the  leading  facts  may  be  given  here. 

Whenever  a  muscle  contracts  its  temperature  rises,  indicating  that  heal 
ii  given  out.  When  a  mercury  thermometer  is  plunged  into  a  mass  of  mus- 
cles, such  as  those  of  the  thigh  of  llie  dog,  a  rise  of  the  mercury  is  observed 
u(M)ii  the  muscles  being  thrown  into  a  prolonged  contraction.  More  exact 
rr»ulis,  however,  are  obtained  by  means  of  a  thermopile,  by  the  help  of 
which  the  rise  of  temperature  caused  by  a  few  repeated  single  contractions, 
or  indeed  by  a  single  contraction,  may  be  ubservei].  and  the  amount  of  heat 
l^ven  out  approximately  raeaBured. 

Tbc  thenuopilv  may  ctjosi.'it  either  of  a  single  junction  in  the  form  of  a  needle 
planriHl  intn  the  substance  of  the  muscle,  or  of  several  junctioDi*  either  in  the 
afaape  of  •  flat  surface  carefully  uppo^ed  to  the  surface  of  ojuscle  (the  pile  being 
iMlaBCCd  ao  as  to  luovi*  with  the  contracting  niiiticle,  and  thus  to  keep  the  contact 
CSMt).  or  m  the  shape  of  a  thin  we<lge,  the  edge  of  which  comprising  the  Rctual 
jmicttnna.  i»  thni&t  into  u  nitiSH  of  utiisclfs  and  held  in  position  by  thciu  In  all 
cues  the  felluw-junotion  or  juDctions  mum  he  kent  at  a  constant  tciuj^tfrature. 

Anuther  delicaie  uii'thod  of  'Jeteiuiiiiinii  thecnanees  of  teuipeiaturv  nf  u  tissue 
ta  basod  upon  (he  uu'n.snremcnt  uf  alteration.'^  in  electric  ri^istance  which  a  fine 
wire,  in  ooutjua  with  or  plungc<l  into  the  tisfiue,  undergoes  us  the  teiupcniture  of 
'ftk*  liliii  changes. 
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It  has  been  calculated  that  the  heat  given  out  by  thi'  muBcIes  of  the  thigh 
of  a  frog  in  a  single  contraction  amounts  to  3.1  niicro-unila  of  heat'  for  each 
gramme  of  muscle,  the  result  being  obtained  by  dividing  by  five  the  total 
amount  of  heat  given  out  in  five  successive  single  contractions.  It  will,  how- 
ever, be  safer  to  regard  these  figures  as  illustrative  of  the  fact  that  the  heal 
given  out  is  considerable,  rather  than  as  data  for  elaborate  calculationE^. 
Moreover,  we  have  no  satisfactory  quantitative  determinations  of  the  heat 
given  out  by  the  mubcles  of  warm-blooded  animals,  though  there  can  be  no 
doubt  that  it  is  much  greater  than  that  given  out  by  the  muscles  of  the 
frog. 

There  van  hardly  he  any  doubt  that  the  heat  thus  set  free  is  the  pro<luctof 
chemical  changes  within  the  muscle — changes  which,  though  they  cannot  for 
the  reasons  given  above  [§  Chi)  be  regarded  as  sim[de  and  direct  oxidations, 
yet,  since  they  are  processes  dependent  on  the  antecedent  entrance  of  oxygen 
into  t)ie  muscle*  may  be  spoken  of  in  general  terms  as  a  combustion  ;  so  that 
the  muscle  may  be  likened  to  a  steam-engine,  in  which  the  combustion  of  a 
certain  amount  of  material  gives  rise  to  the  development  of  energy  in  two 
forms,  as  lieat  and  as  movement,  there  being  certain  iinantitative  relations 
between  the  amount  of  energy  set  free  as  heat  and  that  giving  rise  to  move- 
ment. We  must,  however,  carefully  guard  ourselves  against  pressing  this 
analogy  too  closely.  In  the  steam-engine  we  can  distinguish  clearlv  between 
the  fuel  wbich»  through  its  combustion,  is  the  sole  source  of  energy,  and  the 
machinery,  which  is  not  consumed  to  provide  energy,  and  only  suffere  wear 
and  tear.  In  the  muscle  we  cannot  with  certainty  at  present  make  such  a 
distinction,  It  may  be  that  the  chemical  changes  at  the  botUnn  of  a  con- 
tractit)n  do  not  invdlve  the  real  living  material  of  the  fibre,  but  only  some 
substance  manufactured  by  the  living  mnterial  and  lodged  in  some  way,  we 
do  not  know  how,  in  the  living  material.  It  may  be  that  when  a  fibre  con- 
tracts it  is  this  substance  within  the  tibre  which  explodes,  and  not  the  fibre 
itself-  If  we  further  suppose  that  this  substance  is  some  complex  compound 
of  carbon  and  hydrogen,  into  which  no  nitrogen  enters,  we  shall  have  an 
explanation  of  the  difficulty  referred  to  above  (§  63),  namely,  that  nitro- 
genous waste  is  not  increased  by  a  contraction.  The  special  contractile, 
carbon-hydrogen  substance,  may  then  he  compared  to  the  charge  of  a  gun, 
the  products  of  its  explosion  bejng  carbonic  and  sarcolactic  acids,  while  the. 
real  living  material  of  the  fibre  may  be  compared  to  the  gun  itself,  but  to  a' 
gun  which  itself  is  continually  undergoing  change  tar  beyond  mere  wear  and- 
tear,  among  the  products  of  which  change  nitr(>genoua  bodies  like  kreatin 
are  conspicuous.  This  view  will  certainly  explain  why  kreatin  is  not 
increased  during  the  contraction,  while  the  carbonic  and  lactic  acids  are. 
But  it  must  be  remembered  that  such  a  view  is  not  yet  proved;  it  may  be 
the  living  material  of  the  fibre,  as  a  whole,  which  is  continually  breaking 
down  in  an  explosive  decompositioa,  and  as  continually  building  itself  up 
again  out  of  the  material  supplied  by  the  blood. 

In  a  steam-engine  only  a  certain  amount  of  the  total  potential  energy  of 
the  fuel  is-sues  as  work,  the  rest  being  lost  as  heat,  the  proportion  varying, 
but  the  work  rarely,  if  ever,  exceeding  one-tenth  of  the  total  energy,  and 
gencndly  hf^ing  less.  In  the  case  of  the  muscle  we  are  not  at  present  in  a 
position  to  drrtw  up  an  exact  equation  between  the  latent  energy  on  the  one 
nand,  and  the  two  forms  of  actual  energy  on  the  other.  We  have  reason  to 
think  that  the  proportion  between  heat  and  work  varies  considerably  under 
difierent  circumstances,  the  work  siunetimes  rising  as  high  as  one-fiJlh,  some- 
simes  possibly  sinking  as  low  as  one-twenty-fourth  of  the  total  energy ;  and 

1  Tbe  micro-unit  being  a  mmignmuie  ot  wAter  raised  one  degnc  Oniigmde. 
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obMrvationa  seem  to  show  that  the  greater  the  resistance  wtiicb  the  muscle 
hM  li»  overcome,  the  larger  the  proportion  of  the  total  energy  expended 
vbich  eoe«  out  aa  work  done.  The  muscle,  in  fact,  seems  to  be  so  far  eelf- 
rrgiitating  that  the  more  work  it  has  to  do  the  greater,  within  certain 
litnitv,  is  the  economy  with  which  it  works. 

L^Btlrt  it  must  be  remembered  that  the  giving  out  of  heat  by  the  muscle 
is  noiconiincd  to  the  occasions  when  it  is  actually  contracting.  When,  at  a 
later  period,  we  treat  of  the  heat  of  the  body  generally,  evidence  will  be 
hrougut  forward  that  the  mu.scles,  even  when  at  resit,  arc  giving  rise  to  heat, 
•o  UiAC  the  heat  given  out  at  a  contraction  is  not  some  wholly  new  phenom- 
«noo«  but  a  temporary  exaggeration  of  what  is  continually  going  on  at  a 
more  feeble  rate. 

Eiectrical  Omnge^, 

f  66.  Besides  chemical  and  thermal  changes,  a  remarkable  electric  change 
takes  place  whenever  a  muscle  contracts. 

MiueU<urrcnU. — If  a  muscle  be  removed  in  an  ordinary  manner  from 
tlie  body,  and  two  nou-polarizable  electnMles,*  connected  with  a  delicate 
galTUOiueter  and  many  convolutions  and  high  resistance,  be  placed  on  two 

Fio.  ns. 


Nox-ruLAHiZABLE  ELamoDn. 
Ita  flu*  tub* :  I,  the  Amtlcamatod  zIdc  sUiw  van  uecled  wttb  thdr  respeoUTe  wiraa :  r.  •. .  tbe 
■dphAtv  NoluUon  ;  rA.  r.,  the  |iliig  of  cliliM-iJ*y  ;  e*.  the  |iortii>n  uf  tbe  cblnA-cUy  plug  prujeot- 
IkOBB  IbeeiWl  of  the  tube;  thii  can  be  moulded  Iiita&ny  rerjolrpd  form. 

pointu  of  the  surface  of  the  muscle,  a  deflection  of  the  galvanometer  will 
';e  place,  indicating  the  existence  of  a  current  paticing  through  the  gal - 
imeter  from  the  one  point  of  the  muscle  to  the  other,  the  direction  and 
int  of  tbe  deflection  varying  according  to  the  position  of  the  points. 
The  "  muscle-currents"  thus  revealed  are  seen  to  the  best  a^lvantage  when 
tile  muscle  chosen  is  a  cylindrical  or  prismatic  one  with  parallel  fibres,  and 
vben  the  two  tendinous  ends  are  cut  off  by  clean  incisions  at  right  angles  to 
tke  loog  axis  of  the  muscle.  The  muscle  then  presents  a  transverse  section 
(BftiEow])  at  each  end  and  a  longitudinal  surface.  We  may  8i>eak  uf  the 
latter  ■■  being  divided  into  two  equal  parts  by  an  imaginary  transverse  line 


)mskaa  M 
%mm  poteitMUmi 

atari  of  «n;   Kimmy 


W^  Qf  Vioro^tUy  ^maio^mr-  '  -  -  -    "pr^lnsintoa  Mfuraud 
L9  broogbt  lain  oiineci:  iivrvuor  luuscls  bjr 

nmiiiU>nMl    with  nnruml  'rjili-  •wjhiUuti  ;    It  U 

■' '--^ToaioJ.    TbiT-  f'liiii  ■■!  L-it-ctnxle  j^irea  rise  to 

t'lectrodea.     Tbe  clay  niloMs  a  c^iiineetioo 
'  Mil  ihe  Umie  iior  1m  Eotvl  on  by  tbe  Uaiue. 
ij.Mi.  i-  iM  ii^-lfauffioleat  to  develupu  current. 
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on  its  surface  called  the  "equator/*  containing  all  the  points  of  the  surface 
midway  between  the  two  ends.  Fig.  34  is  a  diagranjinatir  representation  of 
such  a  muscle,  the  Hue  ah  being  the  equator.  In  such  a  muscle  the  develop- 
ment of  the  muscle-currentd  10  ibund  to  be  as  follows  ; 

The  greatest  deflection  is  observed  when  one  electrode  ia  placed  at  the 
mid-point  or  equator  of  the  muscle,  and  the  other  at  either  cut  end  :  and 
the  rletlectiou  ia  of  such  a  kind  as  to  show  that  positive  currents  are  con- 
tinually passing  from  the  equator  through  the  galvanometer  to  the  cut  end  ; 
that  ia  to  say,  the  cut  end  is  negative,  relatively,  to  the  e<juator.  The  cur- 
renla  outside  the  muscle  may  be  considered  as  complete*!  by  currents  in  the 
muscle  from  the  cut  end  to  the  equator.     lu  the  diagram,  Fig.  34,  the  arrows 

FIO.  S4. 


DlAORAU   iLWIFTTRATlNa  THK    ELrTTIlIC  Cl'ttRKJTT*  OP  NKKVE  aND   MUarf.K. 

Beuiff  pureiy  dULgmnmatic.  It  may  eeiTB  Ibr  a  piece  either  of  nerve  or  or  muscle,  exoopc  that  the 
currenis  at  (be  tnintivenc  oecUuii  cauiiot  Ixi  kUuuii  in  a  iiL*rve.  The  arroud  nhow  the  directiou  of 
Ibf  current  through  the  galvanniQOter. 

o^,  tiic  oiituiU)r.  The  strong«el  carranti  are  thoae  abown  by  the  dark  lines,  as  tcota  a,  ai  efiuator. 
to  X  or  to  y  at  the  out  ends.  The  cunvut  from  a  to  els  weaker  thau  fmm  a  to  y,  thougb  botb,  a» 
ibown  liy  tlic  arrows,  ha\-e  the  uime  diruftloD.  A  current  la  shown  Ovm  e,  wtileb  Ia  near  the 
equator,  tu  /,  which  is  Airiher  from  the  e<iuator.  The  currenc  (In  mut-cle)  frooi  a  point  la  tbe  cir- 
cumfereoce  to  a  point  nearer  the  centre  of  the  tninsveree  section  is  shown  ot  gh.  From  a  to  6.  or 
ftom  z  to  y,  there  is  no  current,  ai  indicated  b^*  the  dotted  Unca. 


indicate  the  direction  of  the  currcnta.  Jf  one  electrode  be  placed  at  the 
equator  ah,  the  effect  is  the  same  at  whichever  of  the  two  cut  ends,  .r  t>r  y, 
the  other  is  placed.  If,  one  electnMle  remaining  at  the  equator,  the  other  be 
shifted  from  the  cut  end  to  a  spot  (r)  nearer  to  the  equator,  the  current  con- 
tinues to  have  the  same  direction,  but  I's  of  less  intensity  in  proportion  to  the 
nearness  of  the  electrodes  to  each  other.  If  the  two  electrodes  be  placed  at 
une(jual  distances  (e  and/),  one  on  either  side  of  the  equatctr,  there  will  be 
a  feeble  current  from  the  one  nearer  the  equator  to  the  one  further  oif,  and 
the  current  will  be  the  feebler  the  more  nearly  they  are  equidistant  from  the 
equator.  If  they  are  quite  eouidistant — as,  for  instance,  when  one  is  placed 
on  one  cut  end  (x)  and  the  otner  on  the  outer  cut  end  (y) — there  will  be  no 
current  at  all. 

If  one  electrode  be  placed  at  the  circumference  of  the  transverse  section 
and  the  other  at  the  centre  of  the  transverse  section,  there  will  be  a  current 
through  tlie  galvanometer  from  the  former  tti  the  tatter  ;  there  will  be  a  cur- 
rent of  similar  direction,  but  of  less  intensity,  when  one  electrode  is  at  the 
circumference  (y)  of  the  transverse  section  and  the  other  at  some  point  (A) 
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the  centre  of  the  transverse  section.  la  fact,  the  point-s  which  are 
\y  moflt  poeitive  aud  riKist  negative  to  each  other  are  j>oiiit6  on  the 
eqaator  ami  the  two  centres  of  the  transverse  sections;  and  the  intensity  of 
the  ouireut  between  anv  two  p>oint£  will  de|>end  un  the  respective  distances 
of  those  poinU  from  the  equator  and  from  the  centre  of  the  trans  verse 

Similar  currentji  may  bt*  observed  when  the  longitudinal  surface  is  not  the 
tural  but  an  nrti6cial  one;  indeed,  they  may  be  witnessed  in  even  a  piece 
muscle,  provided  it  be  of  cylindrical  shape  and  composed  of  parallel 
bree. 

The»e  **  muscle-currents"  are  not  mere  transitory  currents,  disappearing  as 
Mku  as  the  circuit  is  closet] ;  on  the  contrary,  they  last  a  very  considerable 
roe.  They  must,  therefore,  be  maintained  by  some  changes  going  on  in  the 
uscle — by  continual  chemical  action,  in  fact.  They  disappear  as  the  irri- 
bilily  of  the  muscle  vanishes,  and  ore  connccte<l  with  thtjse  nutritive,  so-called 
;irilal,  changes  which  maintain  the  irritability  of  the  muscle. 

Muscle-currents,  such  as  have  just  been  described,  may,  we  repeat,  be 
ed  in  any  cylindrical  muscle  suitably  prepared,  and  similar  currents, 
variations  which  need  not  be  discussed  here,  may  be  seen  in  muscles  of 
im^Lar  shape  with  obliquely  or  otherwise  arranged  fibres.  And  du  Bois- 
ReyiH'ind,  t*)  whom  chiefly  we  are  indebted  for  our  knowledge  of  these 
currents,  baa  been  led  to  regard  them  hs  essential  and  iiupnrtanl  properties 
of  living  muscle.  He  ha.**,  moreover,  advanced  the  theory  that  muscle  may 
be  considered  as  composed  of  electro-motive  particles  or  molecules,  each  of 
htch.  like  the  muscle  at  large,  has  a  p^jsitive  equator  and  negative  ends,  the 
hole  muscle  being  made  up  of  these  molecules  in  somewhat  the  same  way 
(to  use  tux  illustration  which  must  not,  however,  be  strained  or  considered 
A*  an  exact  one)  as  a  magnet  may  be  supposeil  to  be  made  up  of  magnetic 
pMticiflS,  each  with  its  north  and  south  pole. 

Thare  are  reasons,  however,  for  thinking  that  these  muscle-currents  have 
ao  such  fundamental  origin,  that  they  are,  in  fact,  of  surface,  and,  indeed, 
o£  ftrtiBcial  origin.  Without  entering  into  the  controversy  on  this  question, 
tbe  following  important  facts  may  be  mentione<l : 

1.  When  a  muscle  is  examine<J  while  it  still  retiiins  uninjured  its  natural 
imdiiMiua  terminations,  the  currents  are  much  weaker  than  when  artificial 
tnamvtne  sections  have  been  made;  the  natural  tendinous  end  is  less  nega- 
tiw9  thai!  the  cut  surface.     But  the  tendinous  end  becomes  at  once  negative 

it  is  dipped  in  water  or  acid — indeed,  when  it  is  in  any  way  injured. 
|«B  roughly,  in  fact,  a  muscle  is  treated  the  less  evident  are  the  muscle- 

ts;  and  it  is  maintained  that  if  adequate  care  be  taken  to  maintain  a 
le  in  an  nl>s*dutely  natural  condition,  no  such  currents  as  those  we  have 
ilescribiog  exist  at  all — that  natural  living  muscle  is  i^oeleetriCf  as  it  is 

2.  The  surface  of  the  uninjured  inactive'  ventricle  of  the  frog's  heart,  which 
ia  practically  a  mass  of  muscle^  is  isoelectric,  no  current  is  obtained  when  the 
tlMtrodee  are  placed  on  any  two  points  of  the  surface.  If,  however,  any  part 
■f  the  surface  be  injured,  or  if  the  ventricle  be  cut  acrr>s8  so  as  to  expose  a  cut 
■trfiioe,  the  injure*)  spot  or  the  cut  surface  becomes  at  once  more  powerfully 
■flgmtive  toward  the  uninjureii  surface,  a  strong  current  being  developed  which 

through  the  galvanometer  from  the  uninjured  surface  to  the  cut  sur- 
er to  the  injured  spot.     The  negativity  thus  developed  in  a  cut  surface 
off  in  the  courw  of  .'^>me  houns,  but  may  be  restored  by  making  a  fresh 
ikd  exposing  a  fresh  surface. 

Tli«  iitKCMltr  *ff  tU  beinc  knoctfve  will  be  tevn  sulMquenUr. 
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The  temporary  duration  of  the  negativity  after  iujury,  and  its  renewal 
upon  fresh  injurj",  in  the  case  of  the  ventricle,  in  contrast  to  the  more  per- 
manent negativity  of  injured  skeletal  muscle,  is  explained  by  the  ditfereut 
Blniotun;  of  the  two  kinds  ol  muscle.  The  cardiac  muscle,  aa  we  shall  here- 
after gee,  18  composed  of  short  tihrecells ;  when  a  cut  is  made  a  certain  num- 
ber of  these  fibre-cell^  are  injured,  giving  rise  to  negativity,  but  the  iujury 
done  to  them  stops  with  them,  and  is  not  profiagated  to  the  cells  with  which 
they  are  in  contact ;  hence,  upon  their  death,  the  negativity  and  the  current 
disappear.  A  fresh  cut,  involving  new  cells,  produces  fresh  negativity  and 
a  new  current.  In  the  long  fibres  of  the  skeletal  muscle,  on  the  other  hand, 
the  etfects  of  the  injury  are  slowly  propagated  along  llie  fibre  from  the  spot 
injured. 

Now.  when  a  muscle  is  cut  or  injured,  the  substance  of  the  fibres  dies  at 
the  cut  or  injured  surface.  And  nniiiy  physiologists,  among  whom  the  most 
prominent  is  Hermann,  have  been  led  by  the  above  and  other  facta  to  the 
couuUision  that  muscle-currents  do  not  exist  naturally  iu  untouched,  unin- 
jured muscles,  that  the  mnacular  .substance  is  naturally,  when  living,  iso- 
electric, but  that  whenever  a  portion  of  the  muscular  substance  dies,  it  becomes, 
while  dying,  negative  to  the  living  .substance,  and  thus  gives  rise  to  currents. 
They  explain  the  typical  currents  (as  they  might  be  called )  manifested  by  a 
muscle  with  a  natural  longitudinal  t^urface  and  arlilicial  transverse  sections, 
by  the  fact  that  the  dying  cut  ends  are  negative  relatively  to  the  rest  of  the 
muscle. 

Du  Bois-Reymond  and  those  with  him  offer  special  explanations  of  the 
above  iacts  and  of  other  objections  which  have  been  urged  against  the  theory 
of  naturally  existiug  electro-motive  molecules.  Inti>  these  we  cannot  enter 
here.  We  must  re^t  conti^nt  with  the  statement  that  in  an  ordinary  muscle 
currents  such  as  have  been  described  may  be  witnessed,  but  that  strong 
arguments  may  be  adduced  iu  iavor  of  the  view  that  these  currents  are  not 
**  natural  "  jtheuomena,  but  essentially  of  artificial  origin.  It  will,  therefore, 
be  best  to  speak  of  them  as  ctirrcnU  of  rest, 

§  67.  CurreiiU  of  actl<fn.  Negative  \>ariotiou  of  the  vnucie-cuiTent — The 
controversy  whether  the  "currenti>  of  rest"  observable  in  a  muscle  be  ot 
natural  origin  or  not,  does  not  affect  tfie  truth  or  the  importance  of  the  fact 
that  an  electrical  change  takes  place  and  a  current  is  developed  in  a  muscle 
whenever  it  enters  into  a  contraction.  Wlien  currenta  of  rest  are  observable 
in  a  muscle,  these  are  found  to  undergo  a  diminution  upon  the  occurence  of 
a  contraction,  and  this  diminution  is  spoken  of  as  "  the  negative  variation  " 
of  the  currents  of  rest.  The  negative  variation  may  be  seen  when  a  muscle 
is  thrown  into  a  single  contraction,  but  is  tmrst  readily  shown  when  the  mus- 
cle is  tetauized.  Thus,  if  a  pair  of  electroties  be  placed  on  a  muscle,  one  at 
the  equator  and  the  other  at  or  near  the  transverse  section,  so  that  a  conaid- 
erablc  defiection  of  the  galvanometer  needle,  indicating  a  considerable  current 
of  rest,  be  gained,  the  needle  of  the  galvanometer  will,  when  the  muscle  is 
tetauized  by  an  interrupted  current  sent  through  its  nerve  (at  a  j^xjiut  too 
far  from  the  muscle  to  alhiw  of  any  escape  of  the  current  int(»  the  electrodes 
connected  with  the  galvanometer),  swing  back  toward  zero;  it  returns  to  its 
original  defiection  when  the  tetauizing  current  is  ^hut  ofi*. 

Not  only  may  this  negative  variation  be  shown  by  the  galvanometer,  but 
it.  as  well  as  the  current  of  rest,  may  be  used  as  a  galvanic  shock,  and  so 
employed  U)  stitnulate  a  muscle,  as  in  the  experiment  known  as  "the  rheo- 
scopic  frog."  For  this  purpose  the  muscles  and  nerves  need  to  be  very 
irritable  and  iu  thoroughly  go(xI  condition.  Two  tnuscle-nerve  preparations, 
A  and  B,  having  been  made,  and  each  placed  on  a  glass  plate  for  the  s*ake 


of  insulation,  the  nerve  of  the  one,  B^  is  allowed  to  fall  on  the  muscle  of  the 
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Other  A  in  eucli  a  way  that  one  point  of  the  nerve  cornea  in  contact  with  the 
^iiftlor  of  the  niuscle,  nui\  another  point  with  one  end  of  the  nmscle  or  with 
ft  point  at  Some  dietanf«  ironi  the  e*|uator.  At  the  moment  the  nerve  is  let 
Ikll  anU  cuntact  made,  a  current — viz.,  the  ''current  of  rest"  of  the  muscle 
throu^fh  the  nerve;  this  acts  as  u  stimulus  to  the  nerve,  and  so 
ft  cuntractictn  in  the  muscle  connected  with  a  nerve.  Thus,  the  muscle 
A  ftcU  fts  A  battery,  the  completion  of  the  circuit  of  which  by  means  of  the 
n^rve  of  B  serves  as  a  stimulus,  causing  the  muscle  B  to  contract. 

If.  while  the  nerve  of  B  is  still  in  contact  with  the  muscle  of  ^.  the  nerve 
of  the  latter  is  tetanized  with  an  interrupted  current,  not  only  is  the  muscle 
of  .4  thrown  into  tetanus,  but  also  that  of  B^  the  reason  i>eing  as  follows: 
At  vftch  spasm  of  which  the  tetanus  of  ^  is  made  up,  there  is  a  negative 
Tiiriatinu  uf  the  tnUK'le-current  of -4.  Each  negative  variation  of  themuscle- 
rurreat  of  J  serves  as  a  stimulus  to  the  nerve  of  B,  and  is  hence  the  cause  of 
A  ftf>ft«ni  in  the  muscle  <tf  B;  and  the  stimuli  following  each  other  rapidly,  as 
betng  produced  by  the  tetanus  of  .1  they  must  do,  the  spasms  in  B  to  which 
they  gire  rise  are  also  fused  into  a  tetanus  in  B.  B,  in  fact,  cimtracts  in 
bftnoony  with  A,  This  ex|)eriment  stniws  that  the  nej^tive  variation  accom- 
paaying  the  tetanus  of  a  muscle,  though  it  causes  only  a  single  swing  of  the 
pdvftnometer,  is  really  made  up  of  a  series  of  negative  variations,  each  single 
nagfttive  variation  corresponding  tu  the  single  spasms  of  which  the  tetanus 
»  made  up. 

But  an  c]e(*trical  change  may  l>e  manifested  even  in  cases  when  no  currents 
of  rest  exist.  We  have  staie<i  (i  6*ij  that  the  surface  of  the  uninjured  inac- 
tive ventricle  of  the  frog's  heart  is  isoelectric,  no  currentjs  being  observed 
when  the  electrodes  of  a  galvanometer  are  placed  on  two  points  of  the  snr- 
Csce.  Nevertheless,  a  most  distinct  current  is  developed  whenever  the  ven- 
tricle contracts.  This  may  be  shown  either  by  the  galvanometer  or  by  the 
r'  -  ic  frog.  If  the  nerve  of  an  irritable  muscle-nerve  preparation  be 
t  a  pulsating  ventricle,  each  beat  is  responded  to  by  a  twitch  of  the 
iiiiir-  It  ot*  the  preparation.  In  the  caseof  orflinarv  muscles,  too,  instances  occur 
ilk  v«h)i.h  it  seems  impossible  to  regard  the  electrical  change  manifested 
during  the  contraction  as  the  mere  diminution  uf  a  preexisting  current. 

Accordingly,  those  who  deny  the  existence  of  "natural  "  muscle-currents 
Wpmk  of  a  muscle  as  developing  during  a  contraction  u  "  current  of  action," 
oceadoned.  as  they  l>elieve,  by  the  muscular  substance  as  it  is  entering  into 
tbft  ttftle  of  contraction  becoming  negative  toward  the  muscular  sul)stance 
which  is  still  at  rest,  or  has  returneil  to  a 
Male  of  rest.  In  fact,  they  regard  the 
ovi^tivity  of  muscular  sul)etance  as  char- 
ftCteristic  alike  of  beginning  death  and  of  a 
beginning  contraction.  So  that,  in  muscu- 
Iftr  cuntraction  a  wave  of  negativity,  start- 
tog  fn>m  the  end-plate  when  indirect,  or 
fhim  the  point  stimulated  when  direct 
stimulation  is  used,  passes  along  the  mus- 
colftf  substance  to  the  ends  or  end  of  the 

If,  (or  instance,  we  suppose  two  electrodes 

pUced  on  two  points  (Fig.  oo)  A  and  B  of 

a  fffipr.   «lM)ut  to  be  stimulated  by  a  single 

It -shock  at   one  end.     Before  the 

*4i4u<iMiwoa  the  fibre  is  isnelectric,  and  the 

oe«dl«  of  the  galvanometer  stands  at  zero.     At  a  certain  time  afler  the 
hfts  been  sent  through  the  stimulating  electrodes  (x),  as  the  wave  of 
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oontractiou  is  travelling  down  the  fibre,  the  section  of  the  fibre  beneath  A  will 
become  negative  toward  the  rest  of  the  tibre,  luid  so  negative  toward  the  por- 
tion of  the  fibre  under  B — i.e.,  A  will  be  negative  relatively  to  B,  mv\ 
this  will  be  shown  bv  a  deHection  of  the  needle.  A  little  later  />  will  be 
entering  into  contraction,  and  will  be  beeoming  negative  toward  the  rest  of  the 
fibre,  including  the  part  under  A^  whose  negativity  by  this  time  is  passing  off 
— thai  is  to  say,  B  will  now  be  negative  t4»ward  .1,  auii  thia  will  be  showu  oy  a 
defle^'lion  of  tfie  needle  in  a  direction  opposite  to  that  of  the  deflection  which 
has  just  previously  taken  place.  Hence^  between  two  electrodes  placed  along 
a  fibre  a  single  wave  of  contraction  will  give  rise  to  two  currcuts  of  difierent 
phases,  to  a  diphasic  change ;  and  this,  indeed,  is  found  to  be  the  case. 

This  being  so,  it  i^  obvious  that  the  electrical  rerfult  of  tetanizing  a  muscle 
when  wave  arter  wave  follows  idong  each  fibre  is  a  complex  matter  ;  but  it 
is  maintained  that  the  apparent  negative  variatitm  of  tetanus  can  be  explained 
as  the  net  result  of  a  aeries  of  currents  of  action  due  to  the  individual  con- 
tractions, the  second  phase  of  the  current  in  each  contraction  being  lesa 
marked  than  the  first  phase.  We  cannot,  however,  enter  more  fully  here 
into  a  discussion  of  this  difficult  subject. 

Whichever  view  be  taken  of  the  nature  of  these  muscle-currents,  and  of 
the  electric  change  during  contraction,  whether  we  regard  that  change  as  a 
*'  negative  variation,"  or  asa  "  current  of  acti*in/'  it  is  important  to  remember 
that  it  takes  place  entirely  during  the  latei^t  fieriod.  It  is  not  in  any  way 
the  result  of  the  change  of  form,  it  is  the  forerunner  of  that  change  of  form. 
Just  as  a  nervous  impulse  pasaes  down  the  nerve  to  the  muscle  without  any 
visible  changes,  so  a  molecular  change  oi  some  kind,  attended  by  no  visible 
events  known  to  ua  at  present,  but  only  by  an  electrical  change,  runs  along 
the  muscular  fibre  from  the  end-plate  to  the  enda  of  the  fibre,  preparing  the 
way  for  the  visible  change  of  form  which  is  to  follow.  This  molecular  invis- 
ible change  is  the  work  of  the  latent  period,  and  careful  observations  have 
shown  that  it,  like  the  visible  contraction  which  follow.s  at  its  heels,  travels 
along  the  fibre  from  a  spot  s^inmlated  toward  the  end  of  the  fibres,  in  the 
ibrui  of  a  wave  having  about  the  same  velocity  as  the  contraction,  viz..  about 
3  metres  a  second.' 


Tlie  Changes  in  a  Nerve  during  the  Passage  of  a  Nervous  Impulse. 

$  68.  The  change  in  the  form  of  a  muscle  during  its  contraction  is  a  thing 
which  can  be  seen  and  felt;  but  the  changes  in  a  nerve  during  ita  activity 
are  invitible  and  impalpable.  We  stimulate  one  end  of  a  nerve  going  to  a 
muscle,  and  we  see  this  followed  by  a  contraction  of  the  muscle  attacJ»cd  to 
the  other  end;  or  we  stimulate  a  nerve  still  connected  with  the  central  ner- 
vous system,  and  we  see  this  followed  by  cerUiin  movenieula,  or  by  other 
tokens  which  show  that  distiirlmncca  have  been  »et  up  in  the  central  nervous 
system.  We  know,  therefore,  that  some  changes  or  other,  constituting  what 
we  have  called  a  nervous  ini]>ulae>  have  been  propagated  along  the  nerve; 
but  the  changes  are  such  as  we  cannot  see.  It  is  possible,  however,  to  learn 
something  about  them. 

Structure  of  a  nerve.  An  ordinary  nerve  going  to  a  muscle  is  composed 
of  elementary  nerve  fibres,  analogous  to  the  elementary  muscle  fibres,  run- 
ning lengthwise  along  the  nerve  and  bound  up  together  by  connective  tissues 
carrying  bloodvessels  and  lymphatics.  [Fig.  3B.]  Each  tibre  is  a  long  n>d 
or  cylinder,  varying  in  diameter  from  lejw  than  2/'  to  20^,  or  even  more,  and 

'  In  themiwclwof  tlie  fhny:  but,  us  we  Iiavcsecn.  Imvinj?  prfiNibly  h  hlghpr  vplix-llj-  In  the  Intnet 
roanmuliAD  miucl«.  wilbtn  ibe  living  ^KKly.  and  varying  according  lo  clrcuuistaiiMis. 
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the  aeverml  fibres  are  arranged  by  the  connective  tissue  into  buntlles  or  cords 
maning  along  the  len^h  of  the  nerve.  A  large  nerve,  such  an  the  sciatic, 
oooiaine  manv  cords  of  various  sizes ;  in  such  a  caae  the  connective  tissue 


[Fig.  30. 


P*«T  ttr  A  Sectium  or  om.  of  thb  Fumci'U  or  thk  Scutic  Kbktb  or  Man.  (Itfagnlfled.) 
/*.  iwrtnruriQm,  conslstlnfp  or  &  number  of  clo«ely*ttrTanged  lam(*lUi>.  J&t,  proceiwM  trom  the  peri- 
puilDv  into  the  Interior  of  the  fuuiculuti.  ami  tiooomiDir  oonQnuoufi  with  the  ondoneurlum. 
KBMt  ooatiectlve  tinuu  between  th*!  nerve-flbns).  The  coonoctiTe-tiiiue  dbrtls  of  the  enduneu* 
kiv  i««o  rut  AcroM  as  flne  iH)inti.  tiHen  appearing  to  ensheath  the  nervc-flbras  wltb  a  circle  of 
I  tfou  (flbflt-«beath  of  Key  and  Keudus).  Niimenius  nuclei  of  connective- tissue  cells  lira 
ifeed  ta  the  eodoneuilan] ;  r,  »ectloD  uf  a  bloodvc»el.l 

between  the  fibres  in  each  cord  is  more  delicate  than  that  which  binds  the 
ODffds  lj>j^ther;  each  cord  has  a  more  or  less  distinct  sheath  of  connective 
tStmae,  and  a  similar  but  stouter  sheath  protects  the  whole  nerve.  In  smaller 
oerrea  the  cords  are  less  in  number,  and  a  very  small  nerve  may  consist,  00 
to  speak,  of  one  cord  only,  that  is  to  say.  it  has  one  sheath  for  the  whole 
orrre  xnd  fine  etmnective  tissue  binding  toother  all  the  fibres  within  the 
riicath*  When  a  large  nerve  divides  or  sends  off  branches,  one  or  more 
0ordi  leave  the  trunk  to  form  the  branch ;  when  nerves  are  joined  to  form  u 
plexoa,  ooe  or  more  corda  leaving  one  nerve  join  another  nerve ;  it  is,  us  a 
nile^only  when  a  very  small  nerve  is  dividing  near  its  end  into  delicate  twigs 
thai  division  or  branching  of  the  nerve  is  effected  or  assisted  by  division  of 
the  nerve  fibres  themselves. 

Nearly  all  the  nerve  fibres  composing  an  ordinary  nerve,  such  as  that  going 
to  a  muacle,  though  varying  much  in  thickness,  have  the  same  features,  which 
an  aa  follows :  Seen  under  the  microscope  in  a  |ierfectly  fresh  condition, 
without  the  use  of  any  reagents,  each  fibre  apjyears  as  a  transfiarent,  but 
somewhat  refractive,  and  therefore  bright-looking,  rod,  with  a  sharply-defined 
outline,  which  is  characterintically  doulble,  that  is  to  aay,  the  sharp  line  which 
marks  the  outside  of  the  fibre  is  uu  each  side  of  the  fibre  accompanied  by  a 
aecnnd  line  parallel  to  itself  and  following  such  gentle  curves  as  it  shows, 
but  mther  nearer  the  axis  of  the  fibre.  This  is  spoken  of  as  the  double  con- 
lo Mr  (Tig.  37],  and  is  naturally  more  conspicuous  and  more  easily  seen  in 
tbe  thicker  than  in  the  thinner  fibres.  The  substance  of  the  fibre  between 
the  two  inner  conl')ur  lines  appears,  in  the  perfectly  fresh  fibre,  homogeneous. 
If  tbr  fibre  be  traced  along  it^  course  for  some  little  distance  there  will  be 
aeeo  -•  tU  an  ap{>earance  as  if  the  fibre  had  been  strangled  by  a  liga- 

mn   '■  tly  round    it;    its  Iransver&e  diameter  is  suddenly  narrowf^d, 

aod  the  liouhle  contour  lost,  the  fibre  above  and  below  being  united  by  a 
naiTow  short  isthmus  only.  [Fig.  H8.]  This  is  called  a  node,  a  node  of  Rao- 
▼ier,  and  upon  examination  it  will  be  found  that  each  fibre  is  marked  regu- 
larly along  it«  length  by  uimJcs  at  intervals  of  about  a  millimetre.  If  the 
fibre  be  examined  with  further  care  there  will  be  seen,  or  may  bo  seen,  about 
midway  between  every  two  nodes,  an  ov^al  nucleus  lying  embedded,  as  it  were, 
in  the  outiine  uf  tbe  fibre,  with  its  long  ajiis  parallel,  or  nearly  so,  to  the  axis 
•f  the  fibre. 
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If  some  of  the  fibres  be  torn  across  it  may  soraetimee  i>e  seen  that  at  the 
torn  end  of  a  fibre,  though  the  double  contour  ce-ases,  the  outline  of  the  fibre 
is  continued  as  a  delicate  transparent  membraneous  tubular  sheath  ;  this  is 


fFlO.  37. 


UVUAH  NcxvE-Tt'BBS.  (Msgntfled  fL'iO 
times.) 
Tbree  of  them  art*  Hue,  one  uf  which 
to  varlcon,  one  of  middling  ihickness. 
And  with  K  dnflc  contour,  uud  tlirce 
thick,  two  of  whk'li  are  double-oon* 
toured,  ami  oue  with  gnminoB  contents.] 


IFio.  88. 


tr— 


NBB.vx-rtBBc  ritoM  SaATic  Xebve  or  Kabbit.  afteii 
Amnx  OP  Nitrate  uf  Silvkr. 

a.  RInir  fonnud  by  thickvuod  mciubranu  of  Schwrnnn 
(note  of  Raiivler).  m.  White  substance  of  Schwann 
rendered  trauAparcnt  by  Rlyoerln,  cy.  Cylinder-Axls, 
which  just  above  and  below  the  level  of  the  annular 
constriction  presciili*  the  lines  of  Frommann.] 


the  primitive  ahcatfi,  or  7ieti-rileinmn}  Lying  in  the  axis  of  this  sheath,  and 
soraeliines  projecting  for  eome  diiilauce  from  the  torn  end  of  a  fibre,  whether 
the  sheath  be  displayed  or  no,  may,  tn  some  cases,  be  seen  a  dim,  or  very 
faintly,  granular  band  or  thread,  about  one-third  or  half  the  diameter  of  the 
fibre;  iliis  is  the  axiseyiintfeT  [Fig.  39];  it  becomes 
lost  to  view  as  we  tmce  it  back  to  where  the  fibre  as- 
sumes a  double  contour.  This  axis  cylinder  stains 
readily  with  ordinary  staining  reagents,  and  being  in 
this  and  in  other  respects  allied  in  nature  to  the 
cell-aubstance  of  a  leucocyte  or  to  the  muacle-aub- 
stftuce  of  a  muscular  fibre,  has  often  been  spoken  of 
as  protoplasmic. 

Lying  about  the  torn  ends  of  the  fibres  may  be  seen 
drops  or  minute  irregiiliir  masses  remarkable  for  ex* 
hibiting  a  double  contt)ur  like  that  uf  the  nerve-fibre 
itself;  and  indeed  drops  of  this  double  contoured  sub- 
stance may  be  seen  issuing  from  the  torn  ends  of 
the  fibrea  [see  Fig.  37].  Treated  with  osmic  acid 
these  drops  and  masses  are  stHined  black  ;  they  act  as  powerful  reducing 
reagents,  and  the  reduced  osmium  gives  the  black  color.   Treated  with  ether 

1  Thl>  word  wtut  formerly  nitefl  tn  denote  the  cnnnvctive-llnne  chcatb  vrrapplne  round  thr  whole 
neire.  Ii  nceiued  undfj'tmblc.  however,  lo  uac  two  Mich  anftlogous  lerros  as  »rcoleinma  fln<l  neuri- 
lemma for  tno  ihlnea^bvlou.'ily  uUbnuianaloRT.  and  tience  nt>urlluniina  Isnour  UM^I  for  ibal  p&rt 
of  the  uent'  ivhich  U  ubvluusly  anuti.)t;ou«  t^)  the  •diroleniina  in  lutifirtc,  vIjl,  the  slieath  of  the  Dure. 
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Other  •olveote  of  fat  ihey  moreover  more  or  less  readily  (liseolve.  Ob- 
riottslj  tbey  are  tartly  comp(»e<l  of  fat,  acid  wu  nliall  see  that  the  fat  com- 
posing ihern  is  of  a  very  complex  nature.  Now  a  iierve-Hbre  showing  a 
oooble  contour  stains  black  with  osmic  acid  ;  but  the  Btainin^  is  absent  or 
^fff  slight  where  the  (hnible  contour  ceasf«  as  at  a  torn  end  or  at  the  nodes 
of  Ranvier;  the  axis  cylinder  stains  very  slightly  indeed  with  osraic  acid 
and  the  sheath  hardly  at  all.  So,  also,  when  a  transverse  section  ie  made 
throagh  a  nerve  or  a  nerve  cord,  each  libre  appears  in  section  as  a  dark 
black  ring  surrounding  a  much  more  faintly  staiued  central  area.  Further, 
when  a  double  contoured  nerve-tibre  ia  treated  with  ether,  or  other  solventd 
of  fat,  the  double  contour  vanishes,  and  the  whole  fibre  becomes  more  trans- 
parent; and  if  such  a  fibre,  either  before  or  after  the  treatment  with  ether, 
DO  vtained  with  carmine  or  other  dye,  the  axis-cylinder  will  be  seen  as  a 
staioe^l  band  or  thread  lying  in  the  axis  of  a  tubular  space  defined  by  the 
B«orilemma  which  stains  only  slij^htly  except  at  and  around  rhe  nuclei, 
which,  as  we  have  seen,  are  embedded  in  it  at  intervale.  In  the  entire  fibre 
the  tubular  space  between  the  axis-cylinder  and  the  sheath  ia  filled  with  a 
HtXy  material,  the  medniia,  which,  from  its  fatty  nature,  has  such  a  refractive 
power  as  to  exhibit  a  double  contour  when  seen  with  transmitted  li)^ht,  on 
whieh  account  the  fibre  itself  has  a  double  contour.  It  is  this  refractive 
power  of  the  medulla  which  gives  to  a  nerve-fibre  and  still  more  so  to  a 
Dundle  of  nerve-fibres  or  to  a  whole  nerve  a  characteristic  opaque  white 
color  when  viewed  by  reflected  light. 

Aa  we  shall  see.  alt  nerve-fibres  do  not  nosse^e  a  medulla,  and  beuce  such 
a  fibre  aa  we  arc  describing  is  called  a  mcaullaied  fibre. 

A  typical  tnedullated  fibre  consists,  then,  of  the  following  parts: 

1.  The  axtVcy/iWer,  a  central  cylindrical  core  of  so-called  "protoplasmic" 
material,  delicate  in  nature,  and  readily  undergoing  change,  sometimes  swell- 
ing out,  sometimes  shrinking,  and  hence  iu  variou.^  speciiiieutj  ap{)euring  nr)w 
as  a  thick  band,  now  as  a  thin  streak  iu  the  axis  of  the  tvibular  sheath,  and 
giving  iu  cross  section  sometimes  a  circular,  sometimes  an  oval,  and  not 
nnfrequenlly  a  quite  irregular  outline.  Probably  in  a  |»crfectly  natural 
onodition  it  occupies  about  one-half  the  diameter  of  the  nerve,  but  even  its 
■atnral  size  varies  in  different  nerve-fibres.  When  seen  quite  frish  it  has 
fltnpty  a  dim  cloudy,  or,  at  most,  a  faintly  )j;ranular  appearance  ;  under  the 
taflacoce  of  reagents  it  is  apt  to  become  fil)rillated  longitudinally,  and  has 
been  aappoaed  to  be  in  reality  composed  of  a  number  of  delicate  longitudinal 
6brill»  united  by  an  interfibrillar  substance,  but  this  is  not  certain.  It  is 
ftirtlier  aaid  to  be  protected  on  its  outside  by  a  transparent  sheath,  the  axis- 
erlioder  sheath,  but  this  also  is  disputed. 

The  axis-cylinder  paasea  unbroken  through  successive  nodes  of  Ranvier, 
tbc  constriction  of  the  node  not  affecting  it  otherwii^e  than  [lerhaps  to  narrow 
it-  Now  the  fibres  of  a  spinal  nerve  (omitting  tor  the  present  the  fibres 
eooiiog  from  tJie  tjymputhetic  nerves )  may  be  traced  back  either  to  the  spinal 
gBttglion  on  the  p^>sterior  root,  or  along  the  anteriar  root  to  the  anterior 
eomua  of  the  spinal  cord  ;  and,  as  we  shall  see,  the  axis-cylinders  of  the  fibres 
arc,  in  both  cases,  prolongations  of  processes  of  nerve-cells,  in  the  former 
ca»e  of  cells  of  the  ganglion,  in  the  latter  case  of  cells  of  the  anterior  coinua. 
in  each  case  a  process  of  a  cell  becoming  the  axi^-cylinder  of  a  nerve-fibre 
rvM  an  unbroken  course,  posses  as  a  continuoiM  band  of  peculiar  living 
matter,  through  ntnle  atler  noile  right  down  to  the  termination  of  the  fibre  in 
tlw  tisue  in  which  the  fibre  auih;  the  only  obvious  change  which  it  under- 
goes ii  that,  in  many  if  not  all  cases,  it  divides  near  its  termination  in  the 
>,  and  in  sumo  cases  the  divisions  are  numerous,  and  join  or  anastomose 
freely.     Obviously  the  axis-cylinder  is  the  essential  part  of  the  nerve-fibre. 


rve-nbre.  ^y 
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2.  The  pn'iuitive  ^hcnlh  or  neurilemma^  a  tubular  sheath  of  ti*ans|)arcut 
apparoutly  homogeueotis  material,  not,  unlike  thatof  aaarcolenima  in  nature. 
At  each  node  the  neurilemma  is  conalricted  so  as  to  embrace  the  axis* 
cylinder  closely,  but  ia  at  the  aumc  time  thickened  by  some  kind  of  cement 
material.  iStaiuiug  reagenta,  eapecially  silver  nitrate,  appear  to  enter  the 
nerve-Hbre  from  without  more  readily  at  a  nttde  than  elsewhere,  staining  the 
fibre  mo.-it  at  the  node,  and  creepiti^  upwanl  and  downward  from  the  node 
along  the  axis-cyrmder ;  hence  it  has  been  supptised  that  the  nutritive  llnid, 
the  lymph,  enters  into  the  hbre  and  so  o;et8  acce*is  to  the  axis-cylinder  more 
readily  at  the  nodes  than  elsewhere.  About  midway  between  every  two 
nmies  is  placed  along  oval  nucleus,  on  the  inside  of  the  neurilemma,  pushing 
the  medulla,  a-s  it  were,  inward,  and  so  lyiug  in  a  shallow  bay  of  that  sub- 
stance. Immediately  surnvunding  the  nucleus  is  a  thin  layer  of  granular 
Bubstunce  of  the  kind  which  wc  hnve  spoken  of  as  uoditTerentiated  proto- 
pla.sni ;  in  young  newly  formed  fibres  at  all  events  and  possibly  in  all  fibres 
a  very  thiu  layer  of  this  same  aubatance  is  continued  all  over  the  segment 
between  the  nodes,  on  the  inner  surface  of  the  neurilemma  between  it  and 
the  medulla. 

3.  The  mednlht.  This  is  a  hollow  cylinder  of  fatty  material  of  a  peculiar 
nature  filling  all  the  space  between  the  neurilemma  on  the  outside  and  the 
axis-cyliuiler  within,  ajid  sudilenly  ceaiiing  at  each  mxle.  It  thus  forms  a 
close-fitljng  hollow  jacket  for  the  axis-cylinder  between  every  two  nodes. 
The  fatty  material  ij;  Huid,  at  lea-st  at  the  temperature  of  the  b(»dy,  but 
appears  to  be  hold  in  itn  place  as  it  were  by  a  network  of  a  subslance  calleti 
neurokeriitin,  allied  to  the  substance  Icfralin,  which  is  the  basis  (»f  the  horny 
ecales  of  the  epidernu.s  and  (d'  other  horny  structures;  this  network  is  moet 
marked  toward  the  ontHidc  of  the  medulla. 

»So  long  iL!^  the  nurve  k  iu  a  fresh  living,  [jerfectly  normal  condition,  the 
medulla  appears  smooth  and  continuous,  showing  no  marks  beyond  the  double 
contour;  but  iu  nerves  removed  from  the  body  for  examination  (and  acc*)rd- 
ing  to  some  observers,  at  times  iu  nerves  stil)  within  the  body)  clefts  make 
their  appearance  in  the  medulla  running  obliipiely  inward  from  the  neuri- 
lemma to  the  axis-cylinder,  utid  freijueiitly  splitting  up  the  medulla  in  such 
a  way  that  it  appears  to  be  compfsed  of  a  numher  of  hollow  cones  partially 
slid  one  over  the  other  along  the  axis-cylinder.  These  cleft-s  are  spitken  of 
as  indeniatiojin.  At  a  latr^r  stage  of  alteration  the  medulla  may  divide  into 
a  number  of  small  irregular  masses  separated  by  fluid;  and  since  each  small 
piece  thus  separated  has  a  double  contour,  like  a  drop  of  medulla  exuded 
from  the  end  of  a  fibre,  the  whole  fibre  has  an  irregular  **  curdy"  appearance. 

The  essential  part  then  of  a  medal  lated  nerve-fibre  (of  a  spinal  nerve)  is 
the  axis-cylinder,  whirh  is  really  a  prolongation  of  a  process  from  a  nerve 
cell  in  a  spinal  ganglion  or  in  the  spinal  cord,  running  an  unbroken  course 
through  node  after  node,  never  in  iIj*  course,  as  far  as  we  know,  joining 
another  axis-cylinder  and  very  rarely  dividing  until  it  approaches  its  end, 
where  it  may  liivide  freely,  the  divisions  in  some  caaes  anastomosing  freely. 
We  may  conclude,  and  all  we  know  supports  the  conclusion,  that  the 
changes,  making  up  what  we  have  calle^i  a  nervous  impulse,  take  place, 
primarily  and  chiefly  at  all  events,  in  this  essential  p.irt  of  the  nerve  fibre, 
the  axis-cylinder.  The  neurilemma  and  raedulln  together  form  a  wrapping 
for  the  nourishment  and  protection  of  the  axis-cylinder,  the  fatty  medulla 
probably  rierving  partly  as  prepared  food  for  the  axi.**  cylinder,  partly  as  a 
mechanical  support ;  po!fsib)y  it  may  also  play  a  part  as  an  insulator  in  the 
electric  phenomena. 

It  U  easy  moreover  to  see  that  while  the  axis-cylinder  along  its  whole 
length  is  practically  (whatever  he  the  exact  manner  of  its  formation  in  the 
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— ihryn)  a  part  of  the  cell  of  which  it  is  au  eloognted  process,  each  sc^nacnt 
bMwera  every  iwo  nodes  represents  a  cell  wrappiiiji^  round  the  axis-cyiimier 
proeeai.  of  which  cell  the  nucleus  between  the  nodes  i^  the  nucleus,  the  neu- 
rilenma  the  envelope  or  cell  wall,  and  (though  t\m  is  pcrhnf»s  not  quite  so 
ciear)  tiie  nietjtdla  the  cell  substance  largely  converted  into  fatty  material,  a 
cell  in  fart  which  i&  really  outeide  the  axis-cylimler  or  nerve  tibre  pro|>er. 
It  ii  along  the  axis-cylimler  that  the  nervous  impulses  sweep,  and  each  wrap- 
ptiig  oell  only  »erve!<  to  nourish  and  protect  the  segment  of  the  axis-cylinder 
brtwccn  ita  two  niKUa.  And  we  accordingly  find  thai  both  at  the  beginning 
of  tba  nerve  fibre  in  the  ganglion  cell  or  spinal  cord,  and  at  its  end  in  the 
tivue,  boUi  ueurileioma  and  medulla  dieapi>ear,  the  axis-cylinder  unlv  being 

A  nerve  going  to  a  muH'le  is  chiefly  conipoeed  of  medullated  fibres  as  just 
^lacribed,  the  majority  of  which,  ending  in  end-platos  in  the  muscular  fibres, 
an^  the  fibres  which  conduct  the  nervous  iuipuUes  to  the  muscle,  causing  it 
to  ODOtract.  and  may  hence  be  spoken  of  as  motor  nerve  fibres.  Some  of  the. 
hiiwever  end  m  other  (tarts,  such  as  the  tendon,  or  the  connective  tia- 
wam  between  the  bundles,  and  some  iu  the  bloodvessels.  There  are  reasons 
fer  ibinktng  that  some  of  theae  convey  impulses  from  the  muscle  to  the  cen- 
tral nervous  system  and  are  conse^juently  snoken  of  as  sensory  or  afferent 
§brm:  concerning  those  connected  with  the  oloodvessels  we  shall  speak  in 
ling  with  the  vascular  system. 
j&9.  .Ven'^-tf/nVin^J!!  in  Mriat^d  mtucn/ar  fibrejs.  A  nerve  on  entering  a 
\e  divides  into  a  niiml>er  of  branches  which,  running  in  the  connective 
of  the  muscle,  form  a  plexus  round  the  bundles  of  muscle  fibres,  the 
floullcr  branches  forming  a  plexus  round  the  muscle  fibres  themselves. 
Frooa  this  plexus  are  given  off  a  number  of  nerve-fibres,  running  singly, 
c«ch  of  which  joininga  muscle  fibre  ends  in  an  end  plate.  In  forming  these 
plrxus«s  the  individual  nerve  fibres  divide  repeatedly,  the  division  always 
taking  place  at  a  node  of  Ranvier,  so  that  what  is  a  single  nerve  fibre  as  the 
Berv«  enters  the  muscle  may  give  rise  to  several  nerve  fibres  ending  in  seve- 
ral muscle  fibres.  The  nerve  fibre  joins  the  muscle  fibre  at  about  its  middle 
or  aooiewhat  nearer  one  end,  and  occasionally  two  nerve  fibres  may  join  one 
■ittscle  fibre  and  form  two  end-platee.  The  general  flistribution  of  the  bun- 
dle* of  nerve  fibres  and  single  nerve  fibres  is  such  that  some  portion  of  the 
auMcle  is  tef\  free  from  nerve  fibres  ;  thus  at  the  lower  and  at  the  upper  end 
of  the  sartorius  of  the  frog  there  is  a  portion  of  muscle  quite  free  from  nerve 
fibres. 

A  wngle  nerve  fibre,  running  by  itself,  has,  outside  the  uurilemma  an 
AddiCional  delicate  sheath  of  fine  connective  tissue  known  as  Ilenle*  shrath^ 
hich  appears  to  be  a  continuation  of  the  connective  tissue  forming  the 
b  of  the  nerve  branch  trom  which  the  fibre  sprang,  or  uniting  the  fibres 
iQ^^ber  in  the  branch. 

^Tbe  actual  ending  of  the  nerve  fibre  in  the  muscle  fibre  differs  in  diflferemt 
cknm  of  animals. 

la  mammals  and  some  other  animals  the  single  nerve  fibre  joins  the  mus- 
cle fibre  in  a  swelling  or  projection  having  a  more  or  les.<>  oval  base,  and 
Bppeanng  when  aeen  sideways  as  a  low  conical  or  rounded  eminence.  At 
ibeMiromit  of  this  eminence  the  nerve  fibre  loses  both  It^  sheath  of  Henle 
And  ita  nturitemnia,  one  or  other  or  both  (for  on  thii*  point  observers  do  not 
Asrrwf'  becomio;^  cuutinuous  with  the  sarcolemrna  of  the  muscle  fibrt.*.  At 
t'  'it  of  the  eminence,  where  the  sheaths  fuse,  the  fibre,  now  consisting 

.\is-cyJinder  and  meiiiilla.  lusty;  ii,-^  medulla  abruptly  Tin  the  mns- 
iif  ihi*  t«»ngue  (he  nerve  fibre  in  many  rases  loses  its  medulla  tit  -iome 
iderable  dtrtauce  before  it  joins  the  muscle  fibre  to  form  the  end  plate j, 
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while  the  axis-cylinder  brunches  out  in  all  directions,  the  somewhat  vancoae 
branches,  which  eonietimes  anastomose,  forming  a  low  conical  mass,  which 
when  vieweii  from  above  has  mi  arborescent  or  labyrinthine  appearance. 
On  the  branchrs  of  thisarboreacence  may  lie  one  or  more  somewhat  granular 
oval  nuclei.  The  urborescence  itself  has,  like  the  axis-cylinderof  which  it  is 
a  devek)pment,  a  very  faintly  ^nuuilar  or  chiudy  appearance,  but  lying  be- 
tween it  and  the  actual  muscle  siiliatance  is  a  di^c  or  bed  of  somewhat 
coarsely  granular  material,  called  tfie  »olf  of  the  end-plate,  on  which  the 
ramitied  arborescent  uxis-oylinder  ret't.s,  more  or  leas  overhipfting  it  at  the 
edge,  but  with  which  it  appears  not  to  be  actually  continuous.  Lying  in 
the  miilst  of  this  "«ole  "  are  a  number  of  clear  oval  transparent  nuclei. 

The  end-j)hitc  then  beneath  theparcolemma  con9i9ti*of  two  parts  the  rami- 
fied HxiB-cylinder,  and  the  gnuiiilar  nucleated  sole,  the  two  apparently, 
ihougli  in  juxtaposition,  not  bein^  continuous.  According  to  some  observers 
the  sole  is  continuous  with  aud  indeed  is  a  specialized  part  of  that  substance 
j>crvading  the  whole  muscular  tibre  which  we  spoke  of  as  interfibrillar  sub- 
stance. We  cannot  enter  here  into  a  discussion  of  the  probable  meaning  and 
use  of  theee  structures  or  how  they  affect  what  seems  obviously  their  func- 
tion, the  transformation  of  the  changes  constituting  a  nervous  impulse  into 
the  changes,  which  running  along  the  muscle  fibre  in  the  latent  period  as 
forerunners  of  the  changps  entailing  actual  contraction,  may  be  spoken  of  as 
constituting  a  muscle  impulse.  It  is  of  interest  to  ol>serve  that  certain 
analogies  may  be  drawn  between  an  end-plate  and  the  histologicail  elemeiits 
of  the  so-called  elcctricjil  organs  of  certain  animals.  The  element  of  the 
electric  organ  of  the  torpedo,  fi»r  instance,  may  be  regaixled  as  a  muscle 
fibre  in  which  the  nerve  ending  has  become  highly  developed,  while  the 
muscle  substance  has  been  arrested  in  its  development  and  has  not  become 
striated. 

In  amphibia  (e.  y.,  in  frogs)  the  ending  of  a  nerve  fibre  in  a  muscle  fibre 
is  somewhat  different.  A  nerve  fibre  about  to  end  in  a  muscle  fibre  divides 
into  a  brush  of  several  nerve  fibres,  each  of  which,  losing  its  sheath  of 
Henle  and  sarcolemma,  enters  thesame  muscle  fibre,  and  then  losing  its  me- 
dulla runs  longitudinally  along  the  fibre  for  some  distance,  it  and  its 
branches  dividing  several  times  in  ii  characteristically  forked  manner,  and 
bearing  at  intervals  oval  nuclei.  In  other  animals  forms  of  nerve-ending 
are  met  with  more  or  less  intermediate  between  that  seen  in  the  mammal  and 
that  seen  in  the  frog. 

§70.  Besides  the  medullated  nerve  fibres  described  in  4)68,  there  are  in 
most  nerves  going  to  muscles  a  few  and  in  s?ome  nerves  going  to  other  parts 
a  large  number  of  nerve  fibres  which  do  not  possess  a  medulla,  and  hence 
are  called  nonmvdnUntvd  j\breh\  these  are  especially  abundant  in  the  so- 
called  sympathetic  nerves. 

A  non medullated  fibre  which,  like  a  medullated  fibre,  may  have  any 
diameter  from  *l^i  or  less  to  20^'  or  more,  is  practically  a  naked  axis-cylinder, 
not  covered  with  medulla,  but  bearing  on  its  outside  at  inter\'als  oval  nuclei 
disposed  longitudinally.  These  nuclei  appear  wholly  analogous  to  the  nuclei 
of  the  neurilemma  of  a  medullated  fibre,  and  probably  belong  to  a  sheath 
enclosing  each  fibre,  though  it  is  not  easy  to  detnonslrate  the  iD4Je[)endent 
existeJice  of  such  a  sheath  in  the  case  of  most  non-medullated  fibres.  In 
the  similar  fibres  constituting  the  olfactory  nerve  a  sheath  is  quite  conspicu- 
ous. Unlike  the  medullate^l  fibres  ihc.'*o  non-merlullated  divide  and  also 
join  freely ;  like  them  each  rnay  be  regarded  as  a  proc^ess  of  a  nerve  cell. 

Of  such  non-racdullate<i  fibres  a  scanty  number  are  found  in  nerves  going 
to  muscles  scattered  among  the  medullated  fibi-es  and  bound  up  with  them 
by  connective  tissue.     They  appear  to  have  no  connection  with  the  muscular 
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ibrm,  bat  to  be  distributed  chiefly  to  the  bloodvessels;  and  the  function  (>f 
^D-meduUated  fibrew  bad  better  W  cont^iidered  iu  conuectiou  with  nerves  of 
which  they  form  u  large  part,  such  as  certain  nerves  poiuR  to  bloodvessels 
aiitl  to  aecretiug  organs.  But  it  luny  he  stated  thut  though  they  possetis  no 
nedaUa  they  arc  capable  of  propaf^ating  nervous  impulaes  in  the  same  way 
M  medullatcd  nerves;  and  this  fact  may  be  taken  a^  indicating  that  the 
medulla  cannot  serve  any  very  important  function  as  tin  electric  insulator. 
*  71-  Thf  ehettiMtty  of  n  uem^.  We  have  spoken  of  the  medulla  as  fatty, 
yet  it  is  in  reality  very  largely  comjKwed  of  a  aubstaace  which  is  not  (iu 
tbe  Btrict  sense  of  the  word)  a  fat.  When  we  examine  chemiwilly  a  quantity 
of  Derve  (or  what  is  practicully  the  eame  thing,  a  quantity  of  that  part  of  the 
criitJB!  nervous  system  which  is  called  white  maiicr^  and  whicli  as  we  shall 
■M  H  ohietly  composefl,  like  a  nerve,  <tf  medullated  nerves,  and  is  to  be  pre* 
,  Jert«d  for  chemical  examination  because  it  contains  a  relatively  small  quantity 
~  connective  tissue),  we  find  that  a  very  large  proportion,  according  to  some 
^erB  about  half,  of  the  dried  matter  consists  of  a  peculiar  botly, 
'•in.  Now,  cbolesterin  is  nut  a  iiit  but  an  alcohol ;  like  glycerin,  how- 
rer,  which  is  also  an  alcohol,  it  forms  compounds  with  fatty  acids;  and 
lougb  we  do  not  know  defiuilelv  the  chemical  condition  in  which  cholesterin 
,isi8  during  life  iu  the  medulla,  it  is  more  than  probable  that  It  exists  in 
»ii»c  combination  with  some  of  the  really  fatty  bodies  also  present  in  the 
luUa.  and  not  in  a  free  isolated  state.  It  is  singular  that  besides  being 
11  in  such  large  quantities  in  nervous  tissue,  and  Xa  n  small  extent  in 
tiBsues  and  in  blo4>fl,  eholesterin  is  a  normal  constituent  of  bile,  and 
the  greater  part  of  gall-stones  when  these  are  present;  in  gall-stones  it 
|oubte<lly  preaent  iu  a  free  state.  Besides  chfdesterin,  "  white  "  nervous 
tter  (imtAins  a  less  but  still  considerable  quantity  of  a  complex  fat,  whose 
ire  is  disputed.  According  to  some  authorities  rather  less  than  half  this 
iplex  fat  cou!^tsts  of  the  peculiar  body  lecithin,  which  we  have  already 
tu  be  present  also  in  blood  corpuscles  and  in  muscle.  Lecithin  contains 
the  radicle  of  stearic  acid  (or  of  oleic,  or  of  palmitic  acid)  associated  not,  as 
in  orilinary  fats,  with  simple  glycerin,  but  with  the  more  complex  glycerin- 
»bonc  acid,  and  further  combine<l  with  a  nitrogenous  body,  neurin,  an 
lia  com)K>uud  of  some  considerable  complexity ;  it  is  therefore  of 
larkable  nature,  since,  though  a  fat.  it  contains  both  nitrogen  and  phos- 
According  to  the  same  authorities  the  remainder  of  the  complex 
ta  of  another  fatty  body,  also  aj)parently  containing  nitrogen  but 
»horus,  called  ftirehriu.  Other  authorities  regard  both  these  bodies, 
and  cerebrin,  as  products  of  decomp<jsition  of  a  still  more  complex 
called  proUigon.  Obviously  the  fat  of  the  white  matter  of  the  central 
roui  system  and  of  spinal  nerves  (of  which  fat  by  far  the  greater  part 
exist  in  the  medulla,  and  form  nearlv  the  whole  of  the  medulla)  is  a 
oomplex  l>ody  indeed,  especially  so  if  the  cbolesterin  exists  in  combina- 
with  the  lecithin,  or  cerebrin  (or  protagon).  Being  so  complex  it  is 
karmllv  very  unstable,  and  indeed,  in  its  instability  resembles  proteid 
Henoe.  probably,  the  reason  why  the  medulla  changes  so  rapidly 
w>  profoundly  aHer  the  death  of  the  nerve.  It  seems,  moreover,  that  a 
eRftain  thoagh  small  quantity  of  proteid  matter  forms  part  of  the  medidia, 
nnd  it  is  possible  that  this  exists  in  some  kind  of  combination  with  the  com- 
plex fax  ;  bat  our  knowledge  on  this  point  is  im[)erfect. 

Tbe  presence  in  such  large  quantity  of  this  complex  fatty  me<1ulla  renders 

dMnalcal  examination  of  the  other  constituents  of  a  nerve  very  dilhcult, 

oar  knowletlge  of  the  chemical  nature  of,  and  of  the  chemical  changes 

lgi>D  in  the  axi^-cylinder,  is  ver>'  limited.     Examined  under  the  micro- 

the  axis-cylinder  gives  tbe  xanthoproteic  reaction  and  other  indications 
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that  it  is  proteid  in  nature ;  beyond  this  we  are  largely  confined  to  inferences. 
We  infer  that  its  chemical  nature  ia  in  a  general  way  similar  to  that  of  the 
cell  substance  of  the  nerve  cell  of  which  it  is  a  process.  We  infer  that  the 
chemical  nature  of  the  cell  eubstance  of  a  nerve  cell,  being  of  the  kind  which 
is  frequently  called  "  protoplasmic,*'  is,  in  a  general  way.  similar  to  thai  of 
other  •*  protoplasmic  "  cells,  for  instance  of  a  leucocyte.  Now  where  we  can 
examine  conveniently  »iich  cells  we  find,  as  we  have  said  in  §  -^0,  the  proteids 
present  in  them  to  \>e  some  form  of  albumin,  some  form  of  globulin,  and 
either  myosin  itself,  or  antecedents  of  myosin,  or  some  allied  body.  In  other 
words,  tbe  proteid  basis  of  the  kind  of  cell  substance  which  is  frequently 
spoken  of  as  "undifferentiated  protoplasm,"  does  not,  in  its  broad  features, 
ditfer  materially  from  the  proteid  basis  of  that  *' ditfereotiated  protoplasm  " 
which  we  have  called  muscle  substance.  Hence  we  infer  that  in  their  br-iad 
cheirieal  features  the  axis-cylinder  of  a  nerve  fibre  and  the  cell  body  of  a 
nerve  cell  resemble  the  substance  of  a  muscle  fibre;  and  this  view  is  sup- 
ported by  the  fact  that  both  kreatin  and  lactic  acid  are  present  as  "ex- 
tractives," certainly  in  the  central  nervous  system,  and  probably  in  nerves. 
The  resemblance  is,  of  course,  only  a  general  one ;  there  must  be  differences 
in  chemical  nature  between  the  axis-cylinder  which  [>ropagates  a  nervous 
impulse  without  change  of  outward  form,  and  the  muscle  fibre  which  con- 
tracts ;  but  we  cannot  at  present  state  exactly  what  these  difiierences  really 
are. 

After  the  fats  of  the  meilulla  {and  the  much  smaller  quantity  of  fat 
present  in  the  axis-cylinder),  the  proteid^  of  the  axis-cylinder,  and  the  other 
soluble  substances  present  in  one  or  the  other,  or  gathered  round  the  nuclei 
of  the  neurilemma,  have  by  various  means  been  dissolved  out  of  a  nerve  fibre* 
certain  substances  still  remain.  One  of  these  in  small  quantity  is  the  nuclein 
of  the  nuclei ;  another  in  larger  fjuaniity  is  the  substance  natrokei'tttin  which 
forms,  as  we  have  seen,  a  supporting  framework  for  the  medulla,  and  whose 
most  marked  characteristic  is,  perhaps,  its  resistance  to  solution. 

In  the  ash  of  nerves  there  is  a  preponderance  of  potassium  salts  and  phos- 
phateii,  but  not  so  marked  as  in  the  case  of  muscle. 

§  72.  IVie  iierr*'UA  intpuh^.  The  chemical  analogy  between  the  substance 
of  the  muscle  and  that  of  the  axis-cylinder  would  uuturally  lead  us  to  sup- 
pose that  the  pn^greas  of  a  nervous  impulse  along  a  nerve  fibre  was 
accunipaiiied  by  chemical  changes  similar  to  those  taking  place  in  a  muscle 
fibre.  Whatever  changes,  however,  do  or  may  take  place  are  too  slight  to 
be  recognized  by  the  means  at  our  disposal.  We  have  no  satisfactory 
evidence  thai  in  a  nerve  even  repeated  nervous  impulses  can  give  rise  to  an 
acid  reaction,  or  thai  the  death  of  a  nerve  fibre  leads  to  such  a  reaction. 
The  gray  matter  of  the  central  nervous  syslem,  it  is  true,  is  said  lo  be  slightly 
acid  during  life  and  to  become  more  acid  after  death;  htit  in  this  gray 
matter,  nerve  cells  are  relatively  abundant  ^  the  white  matter,  comp(»setl 
cbieHy  of  nerve  fibres,  is  and  remains,  during  action  us  well  as  rest,  and  even 
after  death,  neutral  or  slightly  alkaline. 

Nor  have  we  satisfactory  evidence  that  the  progress  of  a  nervous  impulse 
is  accompanie<l  by  any  setting  free  i>f  energy  in  the  form  of  heat. 

In  fact,  beyond  the  terminal  results,  such  as  a  muscular  contraction  in  the 
CAse  of  a  nerve  going  to  a  muscle,  or  some  affection  of  the  central  nervoug 
flVfltem  in  the  case  of  a  nerve  still  in  connection  with  its  nervous  centre, 
there  is  one  event  aud  one  event  (Hily  which  we  are  able  to  recognize  as  the 
objective  token  of  a  nervous  intpul^e.  and  that  is  an  electric  change.  For  a 
piece  of  nerve  removed  from  the  body  exhibits  nearly  the  same  electric 
phenomena  as  a  piece  of  muscle.  It  has  an  equator  which  is  electrically 
positive  relatively  to  rhe  two  cut  ends.     In  faci,  the  diagram  Fig.  34,  and 


CHANGES    IN-     A    MUSCLE    DURING    CONTRACTION 


127 


tlM  dcacriptioD  which  woe  given  in  §6<^  of  the  electric  changes  in  muscle 
mav  be  mpplieii  almoat  as  well  to  n  nerve,  except  that  the  currents  are  in  all 
OMM  much  more  I'eeble  in  the  case  of  nerves  than  of  muscles,  and  the  special 
Cttirents  from  the  circumfereuee  to  the  centre  of  the  transverse  sections 
auinot  well  b«  shown  in  a  slender  nerve ;  indeed,  it  ia  doubtful  if  they  exist 
atmlL 

During  the  pOBsage  of  a  nervous  impulae  the  "natural  nerve  current " 

lergoes  a  ne^tive  variation,  just  as  the  "  natural  muscle  current  '*  uuder- 

negative  variation  during  a  contraction.   There  are,  moreover,  reasons 

the  case  of  the  nerve«  as  in  the  case  of  the  muscle,  ^hicli  lemls  na  to  doubt 

ih^r  pretxistence  of  any  such  "  natural  "  currents.     A  iierve  in  an  absolutely 

natural  condition  appears  to  be,  like  a  muscle,  isoelectric ;  hence  we  may  say 

in  a  nerve  during  the  passage  of  a  nervous  impulse,  as  in  a  muscle 

luring  a  muscular  contraction,  a  "  current  of  action"  is  developed. 

Thi»  **  current  of  action  "  or  "negative  variation"  may  be  shown  either 

the  galvanometer  or  by  the  rheoscopic  frog,     if  the  nerve  of  the  *'  muscle 

re  preparation."  li  (see  !;  ti7)  be  placed  in  an  npfiropriate  manner  on  a 

ighly  irritable  nerve,  A  (to  which,  of  course,  no  muscle  need  be  attached), 

iching  fnr   iu8tani*e  the  etjuator  and  one  end  of  the  nerve,  then  nin^le 

loction-sbocks  sent  into  the  far  end  of  A  will  oause  single  spasms  in  the 

le  of  B,  while  tetanization  of  ^4.  i.  c,  rapidly  repeater!  shocks  ^nt  into 

will  cause  tetanus  of  the  muscle  of  li. 

That  this  current,  whether  it  be  regarded  as  an  independent  **  current  of 

"  or  aft  a  negative  variation  of  a  "preexisting"  current,  is  an  ci^sential 

ire  of  a  nervous  impulse  is  shown  by  the  fact  that  the  degree  or  intensity 

of  the  oue  varies  with  thnt  of  the  other.     They  both  travel,  too,  at  the  same 

In  describing  the  muscle-curve,  and  the  method  of  measuring   tlie 

iincular  latent  period,  we  have  iQcidentalty  shown  ($  46)  how  at  the  same 

9  the  velocity  of  the  nervous  impulse  may  be  measured,  and  stated  that 

rale  in  the  nerves  of  a  frog  is  about  28  meters  {>er  second.    By  means  of  a 

iat  and  somewhat  complicated  apparatus  it  is  ascertained  that  the  current 

action  travels  along  an  isolated  piece  of  nerve  at  the  same  rate.     It  also, 

:e  the  molecular  change  in  a  muscle  preceding  the  contraction,  and  indeed 

the  contraction  itwilf,  travels  in  the  foruj  of  a  wave,  rising  rapidly  to  a 

imiim  at  each   |K)int  of  the  nerve  and  then   more  gradually  declining 

The  len  th  of  the  wave  may  by  special  means  be  measured,  and  is 

ind  lo  be  about  18  mm. 

When  an  isolated  piece  of  nerve  is  stimulated  in  the  middle,  the  current 

actioa  ia  propagated  equally  well  in  both  directions,  and  that  whether  the 

re  be  a  chiefly  sensor)*  or  a  chietly  motor  nerve,  or  indeed  if  it  be  a  uerve- 

riMii  composed  exclusively  of  motor  or  of  sensory  fibres.     Taking  the  current 

of  action  aa  the  token  of  a  nervous  impulse,  we  infer  from  this  that  when  a 

|<i«rve  fibre  ia  stimulated  artiticially  at  any  part  of  its  course,  the  nervous 

itnpulse  set  g^^iing  travels  in  both  directions. 

We  uaed  just  now  the  phrase  "  tetanization  of  a  nerve,"  meaning  the 
^AppUoatiun  to  a  nerve  of  rapidly  rejieated  shocks  such  as  would  j)roduce 
lUB  Ln  the  muscle  to  which  the  nerve  was  attached,  and  we  shall  have 
|uenl  occasion  lo  employ  the  phrase.  It  must,  however,  be  understood 
I  there  is  in  the  nerve,  in  an  ordinary  way,  no  summation  of  nervous 
iliMii  (romparuble  to  the  summation  of  muscular  contractions.  Putting 
crrlaiu  cases  which  we  cannot  discuss  here,  we  may  say  that  the  series 
■hocks  sent  in  at  the  far  end  of  the  nerve  start  a  ^rios  of  impulses ;  these 
Irarel  down  the  nerve  and  reach  the  muscle  as  a  series  of  distinct  impulses ; 
•nd  the  finit  changes  in  the  muscle,  the  molecular  latent- [ieri<Hl  changes^ 
aWi  form  a  series  the  members  of  which  are  distinct.     It   is  not  until  these 
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molecular  changes  become  transformed  into  visible  changes  of  form  that  any 

fusion  or  summation  takes  place. 

§  73.  Putting  together  the  facts  contained  in  this  and  the  preceding  «ec- 
tions,  the  following  may  be  taken  as  a  brief  approximate  history  of  what 
takes  place  in  a  muscle  and  nerve  when  the  latter  is  subjected  to  a  single 
induction-shock.  At  the  instance  that  the  induced  current  passes  into  the 
nerve,  changes  occur,  of  whoH?  nature  we  know  nothing  certain,  except  that 
they  cause  a  "  current  of  action''  or  "negative  variation'*  of  the  *'  natural  " 
nerve-current.  These  changes  propagate  themselves  along  the  nerve  iu  Imth 
directions  as  a  nervous  impulse  in  the  form  of  a  wave,  having  a  wave-length 
of  about  18  mm.,  and  a  velocity  (in  frog's  nerve)  of  about  28  ra.  per  second. 
Passing  down  the  nerve  Hbres  to  the  muscle,  flowing  along  the  branching 
and  narrowing  tracts,  the  wave  at  last  breaks  on  the  end-plates  of  the  fibres 
of  the  muscle.  Here  it  it*  transmitted  into  what  we  may  call  a  muscle 
impulse,  with  a  shorter,  stee[>er  wave,  and  a  greatly  diminished  velocity 
(about  3  m.  per  sjecond).  This  muscle  impulse,  of  which  we  know  hardly 
more  than  that  it  is  marked  by  u  current  of  action,  travels  from  each  end- 
plate,  in  both  directions,  to  the  end  of  the  fibre,  where  it  appears  to  be  lost ; 
at  all  events,  we  do  not  know  what  becomes  of  it.  As  this  impulse  wave, 
whose  development  takes  place  entirely  within  the  latent  period,  leaves  the 
end-plate,  it  is  followed  by  an  explosive  decomposition  of  material,  leading 
to  a  discharge  of  trarbonic  acid,  to  the  appearance  of  sume  sn Instance  or 
substances  with  an  acid  reaction,  and  probably  of  other  unknown  things, 
with  a  considerable  development  of  heal.  This  explosive  decomposition  gives 
rifle  Ut  the  visible  contraction  wave,  which  travels  behind  the  invisible  mus- 
cle impulse  at  about  the  same  rate,  but  with  a  vastly  increased  wave-length. 
The  fibre,  as  the  wave  passes  over  it,  swells  and  shortens,  and  thua  brings  its 
two  end.*!  nearer  together. 

When  rejH.'ated  shocks  are  given,  wave  follows  wave  of  nervous  impulse, 
muscle  impulse,  and  visible  contraction ;  but  the  last  do  not  keep  distinct ; 
they  are  fused  into  the  continued  shortening  which  we  call  tetanus. 

The  Nature  of  the  CHANr.Es  through  which  an  Electric  Current 
IS  Able  to  Generate  a  Nervous  Impulse. 

Action  of  the  Oofutant  Current 

§74.  In  the  preceding  account,  the  stimulus  applied  in  order  to  give  rise 
to  a  nervous  impulse  has  always  been  supposed  to  be  an  induction-shock, 
single  or  relocated.  Tliis  choice  of  stimulus  has  been  made  on  account  of 
the  altnost  momentary  durutiiui  of  the  induced  current.  Had  we  used  a 
current  lasting  for  some  considerable  time,  the  problems  before  us  would 
have  become  more  complex,  in  coneequence  of  our  having  to  distinguish 
between  the  events  taking  place  while  the  current  was  passing  through  the 
nerve  from  those  which  occurred  at  the  moment  when  the  current  was 
thrown  into  the  nerve  or  at  the  moment  when  it  was  shut  off  from  the  nerve. 
These  complications  do  arise  when,  instead  of  employing  the  induced  current 
as  a  stimulus,  we  use  a  comtant  ain-eut,  i.  e.,  when  we  pass  through  the  nerve 
(or  muscle)  a  current  direct  from  the  battery  without  the  intervention  of 
any  induction-coil. 

Before  making  the  actual  experiment,  we  might,  perhaps,  naturally  sup- 
pose that  the  constant  current  would  act  as  a  stimulus  throughout  the  whole 
time  during  which  it  was  apjtlicd  ;  that,  so  long  as  the  current  passeil  along 
the  nerve,  nervous  impulses  would  be  generated  ;  and  that  these  would  throw 
the  muscle  into  something,  ut  all  eveuls,  like  tetanus.     And,  under  certain 
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pooditions.  this  does  take  place;  occaaionally  it  does  happen  that  at  the 

iMoaieDt  the  curreot  is  thrown  into  the  nerve  the  muscle  of  the  muscle-nerve 

br^MU'atioD  falls  into  a  tetanus,  which  is  continued  until  the  current  is  shut 

mT;  but  such  a  result  is  exceptional.     In  the  vast  uiajority  of  cases  what 

bap  (tens  is  as  follows;  At  the  moment  that  the  circuit  is  made,  the  mo- 

uieot  that  the  current  is  thrown  into  the  nerve,  a  single  twitch,  a  simple 

p0Datniction.  the  so-called  makinrf  contraction,  is  witnessed  ;  hut  afler  this  boa 

'IHMm!  away  the  muscle  remains  absolutrly  quiescent,  in  spite  of  the  current 

eoocioQioj;  to  pass  thmugh  the  nerve,  and  this  quiescence  is  maintained  until 

tiie  circuit  is   broken,   until  the  current  is  shut  off  from   the  nerve,  when 

aaoUier  simple  contraction,  the  su-called  breaking  contraction,  is  observed. 

The  mere  paasa^oi'a  constant  current  of  uniform  intensity  through  a  nerve 

|^<kes  Dot,  under  ordinary  circumstances,  act  as  a  stimulus  generating  a  nerv- 

mx%  iuipulse  ;  such  an  impulse  is  only  set  up  when  the  current  either  fialls  into 

or  u  shut  nfl'frora  the  nerve.      It  is  the  entrance  or  the  exit  of  the  current, 

ADd  not  the  continuance  of  the  current,  which  is  the  stimulus.     The  quiea- 

etooe  of  the  nerve  and  muscle  during  the  passage  of  the  current  is,  however, 

^jkpeodcpt  on  the  current  remaining  uniform  m  intensity,  or,  at  least,  not 

ftnoip  suddenly  increased  or  diminished.     Any  sufficiently  sudden  and  large 

iDcrrave    or  dimiuutinn  of  the    intensity  of  the  current  will    act  like  the 

entrance  or  exit  of  a  current,  and  by  generating  a  nervous  impulse  give  rise 

llo  a  contraction.     If  the  inteusity  of  the  current,  however,  be  very  slowly 

land  gradually  increased  or  diminished,  a  very  wide  range  of  intensity  may 

rbe  phased  through  without  any  contraction  being  seen.     It  is  the  »udden 

Mbaoge  from  one  condition  to  another,  and  not  the  condition  itself,  which 

[Vioaea  the  nervous  impulse. 

In  many  cases,  both  a  "  making"  and  a  '*  breaking'*  contraction,  each  a 

•iiuple  twitch,  are  observed,  and  this  is,  perhaps,  the  commonest  event;  but 

when  the  current  is  very  weak,  and  again  when  the  current  is  very  strong, 

I  cither  the  breaking  or  the  making  contraction  may  be  absent;  i.e.,  there 

[ttiAjr  l>c  a  contraction  only  when  the  current  is  thrown   into  the  nerve,  or 

laoly  when  it  is  shut  otf  from  the  nerve. 

Under  ordinary  circumstances  the  contractionn  witnessed  with  the  con- 
stant current  either  at  the  make  or  at  the  break,  are  of  the  nature  of  a 
, ••  simple*'  contraction  ;  hut,  as  has  already  been  said,  the  application  of  the 
[.correot  may  give  rise  to  a  very  pronounced  tetanus.  Such  a  tetanus  is  seen 
poiBalimea  when  the  current  is  made,  lasting  during  the  application  of  the 
ueufiaut,  sometimes  when  the  current  is  broken,  lasting  some  time  afler  the 
leQiTrnt  has  hven  whnlly  removed  from  the  nerve.  The  former  is  spoken  of 
•s  a  *'  making."  the  latter  as  a  "  breaking''  tetanus.  But  these  exceptional 
reatiltA  of  the  application  of  the  constant  current  need  not  detain  us  now, 

The  great  interest  attached  to  the  action  of  the  constant  current  lies  in 
the  fact  that,  during  the  passage  of  the  current,  in  spite  of  the  absence  of 
all  u«rv(>U0  impulses,  and  therefore  of  all  muscular  contractions,  the  nerve 
is  for  the  time  l>oth  between  and  on  each  fide  of  the  electrodes  profoundly 
ffKMiitie*!  in  a  most  ftecuHar  manner.  This  modification,  important  both  for 
nfae  light  it  throws  nn  the  generation  of  nervous  impulses  and  for  its  practi- 
cal aii|dioutii)us,  is  known  under  the  name  of  eUcirotonns. 

$  is.  EUctroionu*. — The  marked  feature  of  the  electrotonic  condition  is 
,that  thr  ncrvi',  though  apparently  quiescent,  is  changed  in  reepect  to  its 
[irritaliility ;  and  that  in  a  diHerent  way  in  the  neighborhood  of  the  two 
tClrrtrcMirs  resf>ecliveiy. 

\      Snpfwi^'  ihut  on  the  nerve  of  a  muscle-nerve  preparation  are  placed  two 
^riyoihle)  electrodes  (Fig.  40,  «,  X:),  connected   with   a  battery  and 
ai    [  _    >  with  a  key.  so  that  a  constant  current  can  at  pleasure  be  thrown 
\  0 
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into  or  shut  oft' from  the  nerve.  Thia  constant  current,  whose  effecte  we  are 
about  to  etudy,  may  be  called  the  "  polarizing  current."  Let  a  he  the  posi- 
tive electrode  or  auoilc,  and  k  the  negative  eJectrode  or  kathode,  both  placed 
at  some  distance  from  the  muscle^  and  also  with  a  certain  interval  between 
each  other.  At  the  point  x  let  there  be  appIieH  a  pair  of  electrodes  con- 
nected with  an  iDduction-coil.  I^et  the  muacle  further  be  connected  with  a 
lever,  bo  that  its  cr^ntracLions  can  be  reci»rded  aud  their  amount  meaeured. 
Before  the  polarizing  current  is  thrown  into  the  nerve,  let  a  single  induction- 
shock  of  known  intensity  (a  weak  one  being  chosen,  or.  at  least,  not  one 
which  would  cause  in  the  niusetc  a  niaxinuim  oontrnctton)  be  thrown  in  at 
X.     A  contraction  of  a  certain  amount  will  follow.     That  contraction  may 

Flo.  40. 
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IfiwctE-KKttVi  PrktjlraTiohs,  with  the  nerre  exposed  In  A  to  »  daandhig  and  in  fi  to  an 

fuicmdinp  constant  cnirent. 
In  each  a  fs  the  anode,  It  the  kathode  of  Ihe  constant  cnrrent :  j*  repmcnta  the  opot  where  the 
Inrliictlnn-shnckK.  used  to  tent  th«  iTTitiiblllty  or  the  nerve,  areitent  in. 

be  taken  a^  a  measure  of  the  irritability  of  the  nerve  at  the  point  x.  Now 
let  the  polarizing  current  be  thrown  in  and  let  the  kathode  or  negative  pole 
be  nearest  the  muscle,  bb  in  Fig.  4fl,  A^  ao  that  the  current  passes  along  the 
nerve  in  a  directiou  from  the  central  nervous  system  toward  the  muscle; 
fiuch  a  current  in  spttkon  of  as  a  deitcending  one.  The  entrance  of  the  polar- 
izing current  into  the  nerve  will  produce  a  '*  making  "  contraction  ;  this  we 
may  neglect.  If  while  the  current  is  ])assing  the  same  induction-shock  as 
before  be  sent  throuo^h  x,  the  conlracti<»n  which  results  will  be  found  to  be 
greater  than  on  the  former  occaBicD-  It  the  polarizing  current  be  now  shut 
off,  a  "breaking"  contraction  will  preibal)ly  be  prnductd  ;  this  we  also  may 
neglect.  If,  now,  the  point  :r,  after  a  short  intervi\l,  be  again  tested  with  the 
same  induction-shock  as  before,  the  contrautiou  will  be  no  longer  greater, 
but  of  the  same  amount,  or  perhaps  not  so  great  as  at  first.  During  the 
passage  of  the  pjlarizing  current,  therefore,  the  irritability  of  the  nerve  at 
the  point  X  has  been  temporarily  increased,  since  the  same  shock  applied  to 
it  causes  a  greater  contraction  during  the  presence  than  in  the  absence  of  the 
current.  But  this  is  only  true  so  long  as  the  polarizing  current  is  a  descend- 
ing one — so  long  as  the  puint  x  lies  on  the  side  i>f  the  kathode.  On  the  other 
band,  if  the  polarizing  current  had  been  an  a^ea/i<fr'n(7  one,  with  the  anode  or 
positive  pole  nearest  the  muBclt',  as  in  Fig.  -10,  B,  the  irritability  of  the  nerve 
at  X  would  have  been  found  to  be  diminiahed,  instead  of  increased,  by  the  polar- 
izing current;  the  contraction  ubLaiued  during  the  passage  of  the  constant 
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tlUiCiut  would  be  less  than  before  the  pa^Hft^e  of  the  current,  or  rni^rbt  be 
mhtCDt  altogether,  an«l  the  contraction  after  the  current  had  been  shut  off 
would  be  aa  great,  or  perhaps  greater,  than  before.  That  is  to  say,  when  a 
•OBsUint  current  is  applied  to  a  nerve,  the  irritability  of  the  nerve  between 
the  polftrirJog  electnMles  and  the  muBcle  is.  (iuring  the  passage  of  the  current, 
iaerettsed  when  the  kathode  is  nearest  the  luuacte  (and  the  polarizing  current 
deflcending)  and  diminished  when  the  anode  ib  neare8t  the  muscle  (and  the 
polarizing  current  ascending).  The  same  result,  mut^iin  mutandin,  and  with 
•one  qualiHcaiions  which  we  need  not  discuss,  would  be  gained  if  x  were 
placed,  out  between  the  muscle  and  the  polarizing  current,  but  on  the  far 
akie  of  the  latter.  Hence,  it  may  be  stated  generally  that  during  the 
pAMA^  of  a  constant  current  through  a  nerve  the  irritability  of  the  nerve  ia 
iDcreaaed  In  the  region  of  the  kathode,  and  diminished  in  the  region  of  the 
anode.  The  changes  in  the  nerve  which  give  rise  to  this  increase  of  irrita- 
bility in  the  region  of  the  kathode  are  spiAen  of  as  katelcctroto^nUj  and  the 
Berre  ia  said  to  be  a  kalclectrotonic  condition.  Similarly  the  changes  in 
IIm  region  of  the  anode  are  spoken  of  as  ane/^c/ro^o/itM,  and  the  nerve  is  said 
la  be  in  an  anelectrotonic  condition.  It  is  also  often  usual  to  apeak  of  the 
kate!ectn>tonic  increase,  and  anelectrotonic  decrease  of  irritability. 

Tbia  law  remains  true  whatever  be  the  mode  adopted  for  determining  the 
irriKAbiliiy.  The  result  holds  g<x>d  not  only  with  a  single  induction-shock, 
but  Also  with  a  t*?taniziug  interrupted  current,  with  chemical  and  mechani- 
cal Blimuli.  It  further  appears  to  hold  good  not  only  in  a  dissected  nerve- 
tsuscle  preparation  but  alao  in  the  intact  nerves  of  the  living  body.  The 
increase  and  decrease  of  irritability  are  most  marked  in  the  immediate 
BCiffhborhofxl  of  the  electrodes,  but  spread  for  a  considerable  distance  in 
«•<»  direction  in  the  extrapolar  regions.  The  same  moditication  is  not  con- 
fined to  the  extrapolar  region,  but  exists  also  in  the  intrapolar  region.  In 
the  intrapolar  region  there  must  be,  of  course,  a  neutral  or  indiSerent  point, 
where  the  katelectrotonic  increase  merges  into  the  anelectrotonic  decrease, 
And  where,  therefore,  the  irritability  is  unchanged.  When  the  polarizing 
current  is  a  weak  one,  this  indifierent  |>oiut  is  nearer  the  anode  than  the 
kntbode,  but  as  the  polarizing  current  increases  in  intensity,  draws  nearer 
juid  nearer  the  kathode  (see  Fig.  41). 


riQ. «. 


m  llLl*JMAnsa  TFIE   VAllIATIOyA  or   IfllirrABILITV    DURINO    EtlM.-TnOTfrNt'S,    WITU 

IVtLiRmHo  CVmhknti  ok  l!('iicA9iN0  Inteksity.    ( FroiD  IMIitgvr.) 
nt*  aooiV  !■  •ii[>|MMi'4l  i4)  he  ftAcol  M  A,  thv  knilioile  at  B  ;  AB  U  cyiti<H*'|uetil]y  the  IntmpoUr 

In  »«rh  of  ihf  "■■■ "-v-..^^  tti^  ]Htrtlfm  of  the  curre  W-Iow  Ihu  hnw  line  reiinawul*  climin- 

IndftMUty.  Umi  "  -^  IrrlUbllity.    y,  rvpre!>ci>tB  tbe  elTWct  of  a  nealc  current  ;  Uie 

|Mtit  fi  Id  I'  ~i'-'  A.     lit  y.,  M  kln'tiger  ciirreiil.  itie  liiillfTt'rent  jtulnt  j-^  Ir  nearur 

E  n,  itw  ainilniiiiou  oi  irrlubUiix  lu  unolLTtmlotinx  iin<1  Iho  lrirrva«3  In  kntuleitrof^oui 
loff  ffFBAler  tfaftD  111  tfi :  tJw  ein?ct  «l»o  (ipruidfl  fur  a  ttrvaivr  iili(Anc«  sloug  U)o  uxtnipotar  ragloua 
bota  eincUntM.    [n  vt  Ibc  Muna  evLtiU  are  teen  lu  Iw  still  mure  marked. 


The  amount  of  increase  and  decrease  ia  dependent :  (1)  On  the  strength 
of  (he  current,  the  stronger  current  up  to  a  certain  limit  producing  the 
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greater  eflect.  (2)  On  the  irritability  of  the  nerve^  the  more  irritable, 
betier  conditioned  nerve  being  the  more  afiected  by  a  current  of  the  same 
inteuBLty. 

In  the  experimcnta  just  described  the  increase  or  decrease  of  irritability 
Ib  taken  to  mean  that  the  same  stimulus  starts  in  the  one  case  a  larger  or 
more  powerful,  and  in  the  other  case  a  smaller  or  less  energetic  impulse; 
but  we  have  reason  to  think  that  the  mere  propagation  or  conduction  of  im- 
pulses started  elsewhere  is  also  atiected  by  the  electrotonic  condition.  At  all 
eventfi  anelectrotonus  appears  to  offer  an  obstacle  to  the  passage  of  a  nervous 
impulse. 

{76.  Electrotonic  currmt*.  Burinx  the  Ds^sa^e  of  a  coDstant  current  throush 
a  nerve,  variations  in  the  clectrio  currents  belonjrinjf  to  the  nerve  itself  may  oe 
obflened  ;  and  these  vnriationM  have  certain  reliLtioiis  to  the  variation?  of  the 
irritability   of  the   nerve.      Thus  if   a  constant  current  .supplied  by  the  buttery 
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Ptbe  polarizing  battciT,  with  J;  a  key,  p  tbo  anode,  iiud  p  tlio  batbode,  At  tlie  left  end  of  the 
piece  of  nerve  Ihv  riaiiiral  currvnl  f^fiwa  (hroiijib  Uiu  i(alTauoiaeter  Q  from  gU>  i/^ia  Ibe  dlreclloa 
of  the  arniwH;  itsOlreetluu,  llierefure,  iii  tbu  suiineHs  that  of  the  pnliiriring  current;  cvmaeqneutly  it 
appora  increosMl,  ha  indlcatL-d  by  tho  lign  +.  The  current  at  the  other  cud  ot  Uie  piece  of  nerve, 
fivm  h  to  h'  ihrtfUffh  the  gulranomcter  B.  flows  In  a  coiitmry  direction  to  the  polarizing  current ;  it 
comequtj fitly  appears  to  tie  dirainisli«I.  as  indicated  by  the  glgu  — . 

N.  B.— For  EtmpUclty'a  sake,  the  polarizing  current  la  here  supposed  to  be  thrown  In  at  the  middle 
of  a  piece  uf  iiurve,  and  the  Kalvanometer  placed  at  the  two  etuis.  Of  courve  ii  will  tie  undervlood 
that  the  fonner  may  be  thrown  in  anywhere,  and  the  lutter  connected  with  any  two  pairs  of  {wjlnta 
Which  will  give  cunx'Qta. 

P  (Fig-  -4^)  be  applied  to  a  piece  of  nerve  by  means  of  two  non-polarizable 
electrodes  ;*,  p',  the  "onrrents  of  rest"  obtainable  fmiu  the  various  pointa 
of  the  nerve  will  be  different  during  the  passage  Kyi*  tlie  polarizinie  current 
from  those  which  were  manifest  hefure  or  ftfter  the  current  wua  applied  ;  and, 
moreover,  the  changes  in   the  nerve-ciurrenta  produced  by  the   pularixing  cur- 
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npst  will  not  be  the   same    in    the    neighborhand  of   the    anofle  (7^)  a?*  those  ia 

Mi  D^ijcbborboud    of  the    knthodo    (  p').     Thus    let   G  and  M  bo  two  f^nlvuno- 

pMlanso  (-''Jdnect^d  wiih  ihc  two  ends  of  the  nerve  us  to  afford  good  and  olcar 

filiilBn  of  (be'ourn^hU  tif  rc8u"      Before   the   polarizing   current  is  thrown 

$Dto  tilt  nerve,  the  needle  of  /f  will  occupy  a  position  indicatinfi;  the  passage  of  a 

cnrrrnl  of  a  wrtain  intensity  from  A  tx>  A'  through  the  galvanometer  (from  the 

tnsiUv*  longitudinal  Hurfaoe  to  the  negative  cut  end  of  the  nerve),  the  cirpuit 

^■Itap^OIDpwtod  b3*  a  current  in  the  nerve  from  f/  to  h,  i  «.,  the  current  will  flow 

m  fmm  ^rvction  of  the  arrow.    Siniilarl;^'  the  needle  of  G  will,  by  Us  deflection. 

iixlscate  the  existence  of  a  current  flowing  from   a  to  ff^  through  the  galvano- 

ttal«r,  and  from  f/'  to  o  through  the  nerve,  in  the  direction  of  the  arrow. 

At  tlie  instant  that  llie  polarizing  current  is  thrown  into  the  nerve  at  pp",  the 
CiUieutB  at  //<;'./( A'  will  undergo  a  "negative  vanntion."  ttiut  18,  the  nerve  at 
—eh  point  will  exhibit  a  "current  of  action"  corresponding  to  (he  nervous  im- 
IMlne.  which,  at  the  waking  of  the  polarizing  current.  piLKse.**  in  both  directioiks 
aloas  the  ner\*e,  and  ntay  caime  a  contraction  in  the  nttnohed  itiu^ele.  The  cur* 
tent  of  aetion  ls.  a*  we  have  fteen,  of  extremely  short  dunition,  it  is  over  and 
garnu  io  a  small  frmoiion  of  a  Hecnnd.  It,  therefore,  must  nut  be  confounded  with 
A  pifmaoeot  eflfeot  which,  in  the  case  we  are  dealing  with,  is  observed  in  both 
nJranoiDetcrs-  This  effect,  which  is  dependent  on  the  direction  of  tbe  polariz- 
mg  current,  is  as  follows :  Supposing  that  the  polarizing  current  i^  flowing  in  the 
4mciioD  of  the  nrrtw  in  the  figure,  that  i^,  passes  in  the  nerve  from  the  positive 
•iKlrode  or  anode  p  to  the  negative  eleclroile  or  knthr>de  p'',  it  \n  found  thnt  tho 
4JttliMil through  the  galvanometer  ff  is  increased,  while  that  through  i/isdimin- 
isbed.  The  |H)larizing  current  has  caused  the  appearance  in  the  nerve  outside 
cfa«  electrodes  of  a  current,  having  the  same  direction  a^  itself,  called  the  *'elec- 
tn>U>nic"  current ;  and  this  electrotonic  current  adds  to,  or  takes  away  from,  the 
DAturml  nerve-current  or  "current  of  rest"  according  as  it  iis  flowing  in  the  same 
direedon  as  that  or  in  an  oppo^tite  direction. 

The  strength  of  the  electrotonic  current  h  dependent  on  the  strength  of  the 
fiolariBiciff  enrr^^ni.  and  on  the  length  of  the  inirapolar  region  which  is  exposed 
10  tbe  polftrisiMg  crirri>Dt.  When  a  strong  polarizing  current  is  used,  the  electro- 
MOCivv  foav  of  the  electrotonic  current  may  be  much  greater  than  that  of  the 
aaiaivl  nerve-current. 

The  Atrength  of  the  electrotonic  current  varies  with  the  irritability,  or  vital 
ooodUion  of  the  nerve,  being  greater  with  the  more  irritable  nerve  ;  and  a  dead 
■rve  will  not  niaoifest  electrotonic  currents.  Moreover,  the  propagation  of  the 
imnt  is  stopped  hy  n  liguture,  or  by  crushing  the  nerve. 
We  may  speak  of  the  condilicms  which  (five  rise  to  this  electrotonic  current  as 
mpkftieal  electrotouus  analogouH  to  that  phi/»ii>ff>f/irnf  electrotontis  which  is  made 
known  by  variatiotL<*  in  irriiubility.  The  pbysietil  electrotonic  current  is  probably 
4lM  to  the  escape  of  the  polarizing  current  along  the  nerve  under  tho  peculiar 
COwtltioos  of  the  living  nerve;  but  we  mu^t  not  attempt  to  enter  here  into  this 
^ffieob  subject  itr  into  the  alUed  ijue^ition  as  to  the  exact  connection  between  the 
phpioil  and  the  phyMologicnl  clcctrotonus,  though  there  can  bo  little  doubt  that 
tbtf  btier  is  dependent  on  the  former. 

^  77.  These  varintinns  of  irriiubility  at  the  kutboile  and  anode  respec- 
UtcIt,  thus  brought  about  by  the  action  nf  the  constant  current,  are  inter- 
e»tiog  iheoreticallv,  because  we  may  trace  a  connection  between  them  and 
the  oerviiufl  impuloe  which  is  the  result  of  the  making  or  breaking  of  a 
ooMMAOt  ctirrent. 

For  we  have  evidence  that  a  nervous  impulse  ia  generated  when  a  portion 
of  the  aerre paaaes  suddenly  from  a  nnrmal  condition  to  a  state  of  katetec- 
trolodds  nr  irom  a  state  of  anelectrotonus  back  to  a  normal  condition,  but 
that  the  pasage  from  a  normal  condition  to  anelectrotonus  or  from  katelec- 
tmtnnus  back  U^  a  normal  condition  is  unable  to  generate  an  impulse. 
Hence  when  a  nonstant  current  is  "made**  the  impulse  is  generates]  only  at 
ibe  kalhorle  where  the  nerve  passes  suddenly  into  katelectrotonufl ;  when 
the  current  <m  the  other  hand  is  "  broken  *'  the  impulse  is  generated  only  at 
the  anode  where  tho  nerve  passes  suddenly  back  from  anelectrotonus  into 
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a  normal  conditiou.  We  have  rq  indirect  proof  of  this  in  the  facts  to 
which  we  drew  attention  a  little  while  hack,  viz.,  that  a  contraction  sorae- 
tiraes  occurs  at  the  "  breaking"  only,  sometimes  at  the  '*  making"  only  of 
the  constant  current,  f^nmetimeB  at  both.  For  it  is  found  that  this  depends 
partly  on  the  strength  of  the  current  in  relation  to  the  irritability  of  the 
nerve,  partly  ou  tiie  direction  of  the  curreut,  whiuher  ascending  or  descend- 
ing; and  the  reeulta  obtained  with  strong,  medium  and  weak  descending 
and  ascending  currents  have  been  stated  in  the  form  of  a  "  law  of  contrac- 
tion." We  need  not  enter  into  the  details  of  this  "law"  hut  will  merely 
aay  that  the  results  which  it  formulates  are  best  explained  by  the  hypothe- 
Bis  just  stated.  We  may  add  that  when  the  constant  current  is  applied  to 
certain  structures  composed  of  plain  muscular  fibres,  whose  rate  of  contrac- 
Uon  we  have  seen  to  be  slow,  the  making  contraction  may  be  actually  seen 
to  begin  at  the  kathode  and  travel  toward  the  anode,  and  the  breaking  cod- 
traction  to  begin  at  the  anode  and  travel  thence  toward  the  kathode. 

Since  ia  katelectrot4^>nu8  the  irritability  is  increased,  and  in  anelectrotoous 
decreased,  both  the  entrance  from  the  normal  condition  iuto  katelectrotonus 
and  the  return  from  anelectrotonus  to  the  normal  condition  are  instances  of 
a  passage  from  a  lower  stage  of  irritability  in  a  higher  stage  of  irritability. 
Hence,  the  phenomena  of  electrotonua  would  lead  us  to  the  conception  that 
a  stimulus  in  provoking  a  nervous  impulse  produces  its  effect  by.  in  some 
way  or  other,  suddenly  raising  the  irritability  to  a  higher  pitch.  But  what 
we  are  exactly  to  understand  by  raising  the  irritability,  what  molecular 
change  ia  the  cause  of  the  rise,  and  how  either  electric  or  other  stimuli  can 
produce  this  change,  are  matters  we  cannot  discuss  here. 

Besides  their  theoretical  Importauce.  the  phenomena  of  electrotonus  have 
also  a  practical  interest.  When  an  ascending  current  is  passed  along  a  nerve 
gt>ing  to  a  muscle  or  group  of  muscles^  (he  region  between  the  electrodes  and 
the  muscle  is  thrown  into  anelectrotonus  and  its  irritability  is  diminished. 
If  the  current  be  ctf  adeouate  strenth,  the  irritability  may  be  so  much 
lessened  that  nervous  impuWa  cannot  he  generated  in  that  part  of  the  nerve 
or  cannot  pass  along  it.  Hence,  by  this  means  the  irregular  contractions  of 
muscles  known  as  "  cramp  "  may  be  abolished.  Similarly,  by  bringing  into 
a  condition  of  anelectrotonus^  a  portion  of  a  sensory  nerve  in  which  violent 
impulses  are  being  generated,  giving  rise  iu  the  central  nervous  system  to 
sensations  of  pain,  the  impulses  arc  toned  down  or  whotiy  abolished, and  the 
pain  ceases.  So,  on  the  other  hand,  we  may  at  pleasure  heighten  the  irrita- 
oility  of  a  part  by  throwing  it  into  katelectrottvnus.  In  this  way  the  con- 
stant current,  properly  applied,  becomes  a  powerful  remedial  means. 

We  said  just  now  that  probably  every  stimulus  produces  its  etlect  on  a 
nerve  by  doing  what  the  constant  current  does  when  it  acts  as  a  stimulus — 
viz.,  suddenly  raising  the  irritability  of  the  nerve  to  a  higher  pitch.  At  any 
rate,  the  stimulus  so  often  employed  in  experiments — the  induction-shock — 
acts  exactly  in  the  same  way  as  the  constant  current.  The  induction-shock 
is  a  curreut  of  short  duration,  developed  very  suddenly  but  (lisappearing 
more  gradually,  and  this  is  true  bath  of  u  making  induction-shock,  a  shock 
due  to  the  making  of  the  primary  current,  and  of  a  breaking  shock,  a  shock 
due  to  the  breaking  of  the  primary  curreut.  The  two  differ  in  direction 
(hence,  if  the  making  shock  be  ascending,  the  breaking  shock  will  l>e  descend- 
ing, and  vice  versa)^  and  in  the  fact  that  the  breaking  shock  is  more  suddenly 
develo|>ed,  and  hence  more  potent  than  the  making  shock;  but  otherwise 
they  act  in  the  same  way.  In  each  case,  since  the  induced  current  is  devel- 
oped rapidly  but  disappears  more  slowly,  there  ia  a  sudden  development  of 
electrotonus,  of  katelectrotonus  at  the  kathode,  and  of  anelectrotonus  at  the 
anode,  and  a  more  gradual  return  to  the  normal  condition.     Now,  there  are 
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BkAoy  reasoDS  for  thinking  that  in  all  cases  the  paaaing  from  the  normal  cod- 
ditioo  to  katelectrotonuB  at  the  kathoc)e  is  a  more  potent  stimulus  than  the 
return  frtm  anelectrotonus  to  the  normal  condition  at  the  anode,  and  this 
will  be  still  more  so  if  the  return  to  the  normal  condition  be  much  slower 
than  ibe  entrance  into  etectrotouus.  as  is  the  case  iu  au  induction-shock. 
And  it  would  appear  that  in  an  induction-shock,  which,  as  we  have  said, 
disappears  much  more  slowly  than  it  is  developed,  we  have  to  deal  not  with 
Iwu  stimuli — one  at  the  shock  passing  into  a  nerve,  and  one  at  the  shock 
Waving  the  nerve — but  with  one  only,  that  produced  at  the  shock  passing 
into  the  nerve.  Hence,  when  an  induction-shock  is  sent  into  a  nerve,  one 
atimulns  only  is  developed,  and  that  at  the  kalhorle  only,  the  establishment 
•f  kateiectJ'otoous.  This  is  true  whether  the  Bhock  be  a  making  or  a  break- 
lag  ■bock — I.  0.,  due  to  the  making  or  breaking  of  the  primary  current — 
Iboagh,  of  course,  owing  to  the  change  of  direction  in  the  induced  current, 
vhat  was  the  kathode  at  the  making  shock  becomes  the  anode  at  the  break- 
ing shock. 

Lastly,  though  we  are  dealing  now  with  nerves  going  to  muscles — that  is 

aay,  with  mot^)r  nervcH  only — we  may  add  that  what  we  have  said  about 
■iartrotonus  and  the  development  of  nervous  impulses  by  it  appears  to  apply 
•qoally  well  to  sensory  nerves. 

$  78.  In  a  general  way  muscular  fibres  behave  toward  an  electric  current 
rery  much  as  do  nerve  fibres ;  but  there  are  certain  important  ditferences. 

In  the  first  place,  muscular  fibres,  devoid  of  nerve  fibres,  are  much  more 
leadily  thrown  into  contractions  by  the  breaking  anil  making  of  a  constant 
eurrent  than  by  the  more  transient  induction-shock  ;  the  muscular  substance 
iBeecQs  to  be  more  sluggish  than  the  nervous  substance,  and  requires  to  be 
acted  upf)D  for  a  longer  lime.    This  fact  may  be  made  use  of,  and,  indeed. 

in  medical  practice  made  use  of,  to  determine  the  condition  of  the  nerves 
^■opplyJDg  a  muscle.  If  the  intra-muscular  nerves  be  still  in  good  condition, 
;tbe  muscle,  as  a  whole,  responds  readily  to  single  induction-shocks,  because 
[these  can  act  upon  the  intra-muscular  nerves.  If  these  nerves,  on  the  other 
kand.  have  lost  their  irritability,  the  muscle  does  not  respond  readily  to 

jle  induction  shocks,  or  to  the  interrupted  current,  but  can  still  easily  be 
llurovD  into  contractions  by  the  constant  current. 

In  the  second  place,  while  in  a  nerve  no  impulses,  as  a  rule,  generated 
dorine  the  passage  of  a  constant  current,  between  the  break  and  the  make, 
that  it  is  not  too  stnmg,  and  that  it  remains  uniform  in  strength, 

an  uimrized  muscle,  on  the  other  hand,  even  with  moderate  and  perfectly 

inifurm  currents,  a  kind  of  tetanus  nr  apparently  a  series  of  rhythmically 

repeated  contractions  is  very  frequently  witnessed  during  the  passage  of  the 

currvat.     The  exact  nature  and  cau.^  of  these  phenomena  in  muscle,  we 

BkUit  not,  however,  discuss  here. 


The  Mcscle-nerve  Preparation  as  a  Machine. 

S  78.  The  facts  described  iu  the  foregoing  sections  show  that  a  muscle  with 
ila  aerre  may  be  justly  regarded  as  a  machine  which,  when  stimulated,  will 
ido  a  certain   amount  of  work.      But  the  actual   amount  of  work  which   a 
msole-uerve  preparation  will  do  is  found  to  de[>eud  on  a  targe  number  of 
Iclivumalauces,  and  consequently  to  vary  within  very  wide  limits.     These 
rarialioDs  will  be  largely  determined  by  the  condition  of  the  muscle  and 
icrve  io  respect  to  their  nutrition  ;  in  other  words,  by  the  degree  of  irrita- 
bility manifested  by  the  muscle  or  by  the  nerve,  or  by  both.      But  quite 
aiiart  from  the  general  influences  aflecting  its  nutrition  and  tlius  its  irrita* 
btlity,  a  muscle-nerve  preparation  is  alTecte<l  as  regards  the  amount  of  its 
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work  by  a  variety  of  other  circumstancea,  which  we  may  brieOy  consider 
here,  reserving  to  a  succeeding  section  the  atudy  of  variations  in  irriuibility. 

The  influence  of  the  naiure  and  jnotle  of  application  of  the  sttmnlu^.  When 
we  apply  a  weak  stimulus— a  weak  tuduciion-Bhock — to  a  uerve  we  get  a 
small  contraction,  a  slight  shortening  of  the  muscle;  when  we  apply  a 
stronger  stimulus — a  stronger  iuductioa-ehnck — we  get  a  larger  coutractioa» 
a  greater  shortening  of  ihe  muscle.  We  take,  other  things  being  equal,  the 
amouDt  of  contraction  of  the  muscle  as  a  measure  of  the  nervous  impulse, 
and  say  that  iu  the  former  case  a  weak  or  flight,  in  tlie  latter  case  a  stronger 
or  larger,  nervous  impulse  has  been  generated.  Now,  the  muscle  of  the 
muBcle-nerve  preparation  cousista  of  many  muscular  iibres,  and  the  nerve  of 
many  nerve  fibres;  and  we  may  fairly  suppose  that  in  two  experimenta  we 
may  in  the  one  ex}>eriment  bring  the  induction-shock  or  other  stimulus  to 
bear  on  a  few  fibres  only,  and  in  the  other  experiment  on  many  or  even  all 
the  fibres  of  the  nerve.  In  the  former  case,  only  those  muscular  fibres  in 
which  the  few  nerve  fibres  stimulated  end  will  be  tlirown  into  contraction, 
the  others  remaining  quiet,  and  the  shortening  of  the  muscle,  as  a  whole, 
jBiuce  only  a  few  fibres  take  part  in  it,  will  necessarily  be  less  tliftn  when  all 
the  fibres  of  the  nerve  are  Htimulated  and  all  the  fibres  of  the  muscles  con- 
tract. That  is  to  say,  the  amount  of  coutractino  will  depend  on  the  number 
of  fibres  stimulated.  For  simplicity's  sake,  however,  we  will  iu  what  fol- 
lows, except  when  (itherwi.se  indicate*!,  suppose  that  when  a  nerve  is  stimu- 
lated, all  the  fibres  are  stimulated  and  all  the  muscular  fibres  contract. 

In  such  a  case  the  stronger  or  larger  nervcms  im|)tjLse  leading  to  the 
greater  contraction  will  mean  the  greater  disturbance  iu  each  of  the  nerve 
fibres.  What  we  exactly  mean  by  the  greater  disturbance  we  must  not  dis- 
cuss here ;  we  must  be  content  with  regarding  the  greater  or  more  powerful 
or  more  intense  nervous  imj)u]8e  aa  that  in  which,  by  some  mode  or  other, 
more  energy  is  set  free. 

So  far  as  we  know  at  present  this  difiereace  in  amount  or  intenalty,  of  the 
energy  set  free,  is  the  chief  difiereuce  between  various  nervous  impulses. 
NervouB  impulses  may  diflVr  in  the  velocity,  which  they  (ravel,  in  the  length 
and  possibly  iu  the  form  of  the  impulse  wave,  but  the  chief  dilference  is  in 
Strength,  in^  so  to  Hpeak,  the  height  of  the  wave.  And  our  present  knowl- 
edge will  uot  permit  us  to  point  out  an^^  other  differences,  any  difterences  in 
fundamental  nature  fur  iustance,  between  nervous  impulses  generated  by 
difiereut  stimuli,  between  fur  example  the  nervous  impulses  generate*!  by 
electric  currents  and  those  generated  by  chejuical  ur  mechanical  stimuli,  or 
by  those  changes  in  the  central  nervous  system  which  give  rise  to  what  may 
be  called  natural  motor  nervous  impulses  as  distinguished  from  those  pro- 
duced by  artificial  stimulation  of  motor  nerves.' 

This  being  premised,  we  may  say  that,  other  things  being  equal,  the  mag- 
nltuileof  a  nervuus  impulse,  and  so  the  magnitudeof  the  eusuiug  contraction, 
is  directly  dej»endent  on  what  we  may  call  the  strengtli  of  the  stimulus. 
Thus  taking  a  single  induction-shock  as  the  most  manageable  stimulus,  we 
find  that  if,  before  we  begin,  we  place  the  secondary  coil  (Fig.  14.  sec.  c.)  a 
long  way  off  the  primary  coil  pr.  e..  no  visible  eflect  at  all  follows  upon  the 
discharge  of  the  induction  shock.  The  passage  of  the  momentary  weak  cur- 
rent is  either  unable  to  produce  any  nervous  impulse  at  all,  or  the  wt?ak 
nervous  impulse  to  which  it  gives  rise  is  unable  to  stir  the  sluggish  muscular 
Bubfltance  to  a  visible  contraction.  As  we  slide  the  secondary  coil  toward 
the  primary,  sending  in  an  induction-shock  at  each  new  position,  we  find 

>  It  wiU  beohN»rvi><l  that  wo  are  i-poakiug  mnv  eicUrsivelv  of  the  nerve  of  a  inuKcIe-nerve  prepufm- 
tlon,  i.  r.,ot  what  we  nlmH  hiTCAfter  tvrmn  motor  nerre.  Whet  bur  sensory  ImpulMMdlRer  essentially 
ftum  motor  ImiiuUof  wIU  l>e  coiL-JJerud  Ultr  on. 
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ihAt  ft!  a  certaio  distance  belween  the  secondary  and  primary  coils,  the  mus- 
cle reap«^DiU  to  each  indtiction-shock'  with  a  contraction  which  makes  itaelf 
visible  by  the  Bligbtest  {M>tj«ible  ri^e  of  the  attached  lever.  This  position  of 
the  coils,  the  battery  remaining  the  same  and  other  thin^  being  equal, 
foarks  the  minimnf  stimulus  giving  rise  to  the  minimal  contraction.  As  the 
•econdary  coil  ia  brought  nearer  to  the  primary^  the  contructiona  increase  id 
b«igbt  corresponding  to  the  increase  in  the  intensity  of  the  stimulus.  Very 
•ooa  however  an  locre^ise  in  the  stimulus  caused  by  further  sliding  the 
•eeondary  coil  over  the  primary  fails  to  cause  any  increase  in  the  coutrac- 
Uoo.  This  indicates  that  the  maximal  stimulus  giving  rise  to  the  maximal 
cootraction  has  been  reached  ;  though  the  shocks  increase  in  intensity  as 
the  aeeoDdary  coil  is  pushed  further  and  further  over  the  primary,  the  con- 
tnuitioru  remain  of  the  same  height,  until  fatigue  lowers  them. 

With  single  inductioii-ahocks  then  the  muscular  contraction,  and  by 
inference  the  nervous  impulse,  increases  with  an  increase  iti  the  intensity  of 
the  stimulus,  between  the  limits  of  the  minimal  and  maximal  stimuli;  and 
this  dependence  of  the  nervous  impulse,  and  so  of  the  contraction,  on  the 
strrTigth  nf  the  stimuluH  may  be  unserved  not  only  iu  eleotrio  but  in  all 
kinds  of  stimuli. 

It  may  here  be  remarke<l  that  in  order  for  a  stimulus  to  be  effective,  a 
eertaio  abruptness  in  its  action  ia  necessary.  Thus  an  we  have  seen  the  con- 
wtmnt  current  when  it  is  passing  through  a  nerve  with  uniform  intensity  does 
not  give  rise  to  a  nervous  impulse,  ami  indeed  it  may  be  increaaed  or 
diminished  to  almost  any  extent  without  generating  nervous  impulses,  pro- 
vided that  the  change  l>e  made  gradually  enough  ;  it  is  only  when  there  is 
a  sudden  change  that  the  current  becomes  ctfectivc  as  a  stimulus.  And  the 
why  the  breakini:;  induction-shock  is  more  potent  as  a  stimulus  thaa 
Baking  shock  is  because  as  we  have  seen  (i}  44)  the  current  which  is 
iDdooed  in  the  secondary  coil  of  an  induction-machine  at  the  breaking  of  the 
priniftry  circuit,  is  more  rapidly  developed,  and  has  a  sharper  rise  than  the 
carrent  which  appears  when  the  primary  circuit  is  made-  Similarly  a  sharp 
iMp  on  a  nerve  will  produce  a  contraction,  when  a  gradually  increasing 
prcMMire  will  fail  to  do  so;  and  in  general  the  etficicncy  of  a  stimulus  nf  any 
kind  will  depend  in  part  on  the  suddenness  or  abruptness  of  its  action. 

A  stimulus  in  order  that  it  may  he  elective,  must  have  an  action  of  a 
certain  duration,  the  time  necessary  to  produce  an  effect  varying  according 
to  the  strength  of  th£  stimulus  and  being  different  in  the  case  of  a  nerve 
from  what  it  is  in  the  case  of  a  muscle.  It  would  appear  that  an  electric  cur- 
rwnt  applied  to  a  nerve  must  have  a  duration  of  at  least  about  0.0015  second 
to  cause  any  contraction  at  all,  and  needs  a  longer  time  than  this  to  produce 
it»  full  eflect.  A  muscle  fibre  apart  from  its  nerve  fibre  requires  a  still 
looger  duration  of  the  stimulus,  and  hence,  as  we  have  already  stated,  a 
^BSi^e  poisoned  by  urari.  or  which  has  otherwise  lost  the  action  of^its  nerves, 
will  Dot  respond  as  readily  to  induction-shocks  as  to  the  more  slowly  acting, 
breaking  and  making  of  a  c<justant  current. 

In  the  case  of  electric  stimuli,  the  same  current  will  produce  a  stronger 
eoDtraction  when  it  is  sent  along  the  nerve  than  when  it  is  sent  across  the 
oarre;  indi-e^i  it  is  maintained  that  a  current  which  passes  through  a  nerve 
in  au  absolutely  transverse  direction  is  powerless  to  generate  impulses. 

It  Would  also  appear,  at  all  events  up  to  certain  limits,  that  the  longer  the 
place  of  nerve  through  which  the  current  passes,  the  greater  is  the  effect  of 
Use  stimulus. 
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espmiorbt*  cither  tbc  bre«klnf(ov  makloft  sbock  roust  be  tucl,  not  (^ometiiuraoneuid 
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When  two  pairs  of  electrolier  are  placed  on  the  uerve  of  a  long  ami  per- 
fectly fresh  and  aucceasful  nerve-preparatton,  one  near  to  the  cut  end,  and 
the  other  nearer  the  muBcIe,  it  ia  fuuud  that  the  same  stimulus  produces  a 
greater  contnu-tion  when  applied  through  the  former  pair  of  electrodes  than 
through  the  latter.  This  h&a  been  interpreted  as  meaning  that  the  impulse 
started  at  the  further  electrodes  gathers  strength,  like  an  avalanche,  in  its 
progress  to  the  muscle.  It  is  more  probable,  however,  that  the  larger  con* 
traction  produced  by  stimulation  of  the  part  of  the  nerve  near  the  cut  end 
is  due  to  the  stimulus  eelttng  free  a  larger  impulse,  t.  e.,  to  this  part  of  the 
nerve  being  more  irritable.  The  mere  section,  possibly  by  developing  nerve 
currents,  increases  for  a  time  the  irritability  at  the  cut  end.  A  similar 
greater  irritability  may  however  alao  be  observed  in  the  part  of  the  nerve 
nearer  the  Hpinal  cord  while  it  is  still  in  cunuectiou  with  the  spinal  cord ; 
and  it  ia  possible  that  the  irrttahility  of  a  nerve  may  vary  considerably  at 
different  points  of  its  course. 

§  80.  We  have  seen  that  when  single  stimuli  arc  repeated  with  sufficient 
frequency,  the  individual  contractions  are  fused  into  tetanus;  as  the  fre- 
quency of  the  repetitiou  is  increased,  the  individual  contractions  are  less 
obvious  on  the  curve,  until  at  last  we  get  a  curve  on  which  they  seem  to  be 
entirely  tost  and  which  we  may  speak  of  as  a  complete  tetanus.  By  such  a 
tetanus  a  much  greater  contraction,  a  much  greater  ebortening  of  the  muscle 
is  of  course  obtained  than  by  single  contractions. 

The  exact  frerjueucy  of  repetition  required  to  produce  complete  tetanus 
will  depend  chiefly  on  the  length  of  the  individual  contractions,  and  this 
varies  in  dtflerent  animals,  in  different  muscles  of  the  same  animal,  and  in 
the  same  raueclo  under  different  conditions.  In  a  cold-blooded  animal  a 
single  contraction  ii»  as  a  rule  more  prolonged  than  in  a  warm-blooded  ani- 
mal, and  tetanus  ts  couBcqucntly  produced  in  the  former  by  a  less  frequent 
repetition  of  the  stimulus.  A  tired  muscle  has  a  longer  contraction  than  a 
fresh  muscle,  and  hence  in  many  tetanus  curves  the  individual  contractions, 
easily  recognized  at  rtrst,  disappear  later  on,  owing  to  the  individual  contrac- 
lioDS  being  lengthened  out  by  the  exhaustion  cnuned  by  the  tetanus  itself. 
In  many  animals,  e.  fj.,  fche  rabbit,  some  muscles  (such  as  the  adductor  mag- 
Dua  feraorist  are  pale,  while  others  (auch  as  the  semitendinosus)  are  red. 
The  red  musclea  are  not  only  more  richly  aufiplied  with  bloodvessels,  but  the 
muscle  substance  of  the  fibres  contains  more  hicmoglobin  than  the  pale,  and 
there  are  other  structural  differences.  Now  the  single  contraction  of  one  of 
these  red  muscles  m  more  prolonged  than  a  single  contraction  of  one  of  the 
pale  muscles  produced  by  the  same  stimulus.  Hence  the  red  muscles  are 
thrown  into  complete  tetanus  with  a  repetition  of  much  less  frequency  than 
that  reqnireil  for  the  pale  miiacles.  Thus,  ten  slimuli  in  a  second  are  quite 
sufficient  to  throw  the  red  muscles  of  the  rabbit  into  complete  tetanus,  while 
the  pale  muscles  require  at  least  twenty  stituuli  in  a  second. 

So  long  as  signs  of  the  individual  contractions  are  visible  on  the  curve  of 
tetanus  it  is  easy  to  recognize  that  each  Htimulatiou  produces  one  of  the  con- 
stituent single  contractions,  and  that  the  number  so  to  speak  of  the  vibra- 
tions of  the  muscle  making  up  the  tetanus  corresponds  to  the  number  of 
stimulations;  but  the  question  whether,  when  we  increase  the  number  of 
stimulations  beyond  that  necessary  to  produce  a  complete  tetanus,  we  still 
increase  the  number  of  constituent  single  contractions  is  one  not  so  easy  to 
answer.  And  connected  with  this  question  is  another  dlHicult  one.  What  is 
the  rate  of  repetition  of  single  contractions  making  up  those  tetanic  contrac- 
tions which  as  we  have  said  are  the  kind  of  contractions  by  which  the  volun- 
tary, and  indeed  other  natural,  nKjvemeuts  of  the  body  are  carried  out? 
What  is  the  evidence  that  these  are  really  tetanic  in  character? 
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When  a  muscle  is  thrown  into  tcUinus,  a  more  or  leas  musical  souncl  is 
produceil.  This  mny  be  heard  by  tipj'lying  a  8tethosc<>|>e  directly  over  a 
ooDtrvcting  rauHcle,  and  a  similur  sound  hut  nf  a  more  mixe<l  origin  and  less 
tnntworthy  may  be  heard  when  the  masseter  muscles  are  forcibly  contracted 
or  when  a  finger  ia  placed  in  the  ear,  and  the  muaclea  of  the  same  arm  are 
eootfvctcd. 

When  the  8tethoect>pe  is  placed  over  a  muscle,  the  nerve  of  which  is  stimu- 
lated by  induction-shocks  repealed  with  varying  frequency,  the  note  heard 
will  vary  with  the  frequency  of  the  shocks,  being  ol  higher  pitch  with  the 
more  frequent  shocks.  Now  it  has  been  thought  that  the  vibrutious  of  the 
Biucle  giving  rise  to  the  "  muscle  sound  "  are  identical  with  the  single  eon- 
IracCioDS  making  up  the  tetanus  of  the  muscle.  And  t^iuccr  in  the  human 
body,  when  a  muscle  is  thrown  into  contraction  in  a  v<jluntarv  effort,  or 
itkdf^  10  any  of  the  on^linary  natural  movements  of  the  boily.  the  funda- 
■BCfitai  tone  of  the  sound  correspt^ud^  to  about  Ul  or  20  vibrations  a  second. 
It  h%B  been  concluded  that  the  contraction  taking  ptace  in  such  cases  is  a 
tetanus  of  which  the  individual  contractions  folloAv  eacli  other  about  19 
or  20  times  a  second.  But  investigations  seem  to  show  that  the  vibrations 
giving  rise  in  the  muscle  sound  do  not  really  correspond  to  the  shortenings 
ittod  relaxations  of  the  individual  contractions,  and  that  the  pitch  of  the  note 
tiierefore  be  taken  as  an  indication  of  the  number  of  single  contrac- 
making  up  the  tetanus;  indeed,  as  we  shall  see  in  spealcing  of  the 
b  of  the  heart,  a  single  muscular  contraction  may  pro<Iuce  a  sound 
-hich  though  differing  from  the  sound  given  out  during  tetanus  has  to  a 
extent  musical  characters.  Nevertheless  the  special  characters  of 
muscle  sound  given  out  by  muscles  in  the  natural  movements  of  the 
may  be  taken  as  showing  at  least  that  the  contractions  of  the  muscle 
movements  are  tetanic  in  nature,  and  the  similarity  of  the  note  in 
the  voluntary  efforts  of  the  body  aud  indeed  in  all  movemeutct  carried 
iMit  by  the  central  nervous  system  is  at  least  consonant  with  the  view  that 
repetition  of  single  contractions  is  of  about  the  same  frequency  in  all 
movements.  What  that  frequency  is,  and  whether  it  is  exactly  identi- 
i1  in  all  these  movements,  is  not  at  present  perhaps  absolutely  determined ; 
it  certain  markings  on  the  myographic  tracings  of  these  movements  and 
irr  facts  seem  to  indicate  that  it  is  about  1*2  a  second. 

$  81.  The  injiurnre  of  the  load.  It  might  be  imagined  that  a  muscle  which, 
vbflD  loaded  with  a  given  weight  and  stimulated  by  a  current  of  a  given 
inteoaity,  had  o^ntracted  to  a  certain  extent,  would  only  contract  to  half 
Uiat  extent  when  loaded  with  twice  the  weight  and  stimulated  with  the  same 
tmuluA.  Such,  however,  is  not  necessarily  the  case;  the  height  to  which 
weight  is  raised  may  be  in  the  second  instance  as  great,  or  even  greater, 
titan  in  the  first.  That  is  to  say,  the  resistance  offered  to  the  contraction 
actually  augments  the  contraction  ;  the  tension  of  the  muscular  fibre  increases 
iftbc  facility  with  which  the  explosive  changes  resulting  in  a  contraction  take 
And  we  have  other  evidence  that  anything  which  tends  to  stretch 
muscular  fibres;  that  any  tension  of  the  mus(.'ulHr  fibres,  whether  during 
or  during  contraction,  increases  the  metabolism  of  the  muscle.  There 
ifcf  course,  a  limit  to  this  favorable  action  of  the  resistance.  As  the  load 
itioueK  to  be  incrcaseiJ,  the  height  of  the  contraction  is  diminished,  and  at 
a  ptHut  is  reached  at  which  the  muscle  is  unable  feven  when  thestimuluB 
leaen  is  the  strongest  possible)  to  lift  the  load  at  all. 

In  a  muscle  viewe<l   as  a   machine  we   have   to  deal,  not  merely  with  the 

It  of  the  contractioD — that  is,  with  the  amount  of  shortening — but  with 

work  done.     And  this  is  measured  by  multiplying  the  number  of  units 

height  to  which  the  load  is  raised  into  the  number  of  units  of  weight  of 
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the  load.  Hence,  it  is  obvious  from  the  foregoing  obeervationa  that  the  work 
doue  must  be  largely  dependent  on  the  weight  iteelf.  Thus,  there  is  a  certain 
weight  of  load  with  which,  in  any  given  muscle  stinaulated  by  a  given 
BtirnuluB,  the  niot^t  work  will  be  duue,  as  may  be  Been  from  the  following 
example: 


Load,  in  Kramitiee 

Iffh 
Work  (lonti,  In  g^ram-nilUimetres 


ngra 
of  CO 


Height  of  COD  tructloiiA.  in  mlltlmctrcs. 


0 

CO 

100 

IQO 

200 

350 

H 

8 

7 

6 

3 

0 

0 

450 

700 

7S0 

400 

0 

§  82.  The  injluene4i  of  the  size  and  form  of  the  muscle.  Since  all  known 
muscular  fibres  are  much  shorter  than  the  wave-length  of  a  contracliun,  it 
is  obvious  that  the  longer  the  fibre  the  greater  will  be  the  shortening  caused 
by  the  same  contraction  wave ;  the  greater  will  be  the  height  of  the  con- 
traction with  the  same  stimulus.  Hence,  in  a  muscle  of  parallel  fibree,  the 
height  to  which  the  load  is  rained  as  the  result  of  a  given  stimulus  applied 
to  its  nerve,  will  depeuti  on  the  length  of  the  Bbres,  while  the  maximum 
weight  of  load  capable  of  being  lifled  will  depend  on  the  number  of  the 
fibres,  since  the  load  is  distributed  among  them.  Of  two  muscles,  therefore, 
of  equal  length  (and  of  the  same  quality)  the  most  work  will  be  done  by 
that  which  h&i  the  larger  number  of  fibres;  that  is  to  say,  the  fibres  being 
of  equal  width,  which  Tias  the  greatest  sectional  area,  and  of  two  muscles 
with  equal  sectional  areas,  the  most  work  will  be  done  by  that  which  is  the 
longer.  If  the  two  muscles  are  unequal  both  in  length  and  sectional  area, 
the  work  done  will  be  the  greater  in  the  one  which  has  the  larger  bulk, 
which  contains  the  greater  number  of  cubic  units.  In  speaking,  therefore, 
of  the  work  which  can  be  done  by  a  muscle,  we  may  use  as  a  standard  a 
cubic  unit  of  bulk  ;  or,  the  specific  gravity  of  the  muscle  being  the  same,  a 
unit  of  weight. 

We  learn,  then,  from  the  foregoing  paragraphs  that  the  work  done  by  a 
muscle-nerve  preparation  will  depend,  not  only  on  the  activity  of  the  nerve 
and  muscle  as  determiued  by  their  i»wn  irritubility,  but  also  on  the  character 
and  mode  of  application  of  the  stimulus  ;  on  the  kind  of  contraction  (whether 
a  single  spasm,  or  a  slowly  repeated  or  a  rapidly  repeated  tetanus)  on  the 
load  itself,  and  on  the  size  and  form  of  the  muscle.  Taking  the  most  favor- 
able circumstances — viz.,  a  well-nourished,  lively  preparation,  a  maximum 
stimulus  causing  a  rapi<l  tetauun,  and  au  appropriate  load — we  may  deter- 
mine the  maximum  work  doue  by  a  giveu  weight  of  muscle,  say  one  gramme. 
This  in  the  case  of  the  muscles  of  the  frog  has  been  estimated  at  about  four 
gram-metres  for  one  gramme  of  muscle. 

The  CrRcuMSTA^cEs  which  Determine  the  Degree  of  Ibkitabiuty 
OP  Muscles  and  Nervbs. 

§83.  A  muscle-nerve  preparation  at  the  time  that  it  is  removed  from  the 
body  possesses  a  certain  degree  of  irritability  ;  it  responds  by  a  contraction 
of  a  certain  amount  to  a  stimulus  of  a  certain  strength  applied  to  the  nerve 
or  to  the  muscle.  AtYer  a  while,  the  exact  peri<>)i  depending  on  a  variety 
of  circumstances,  the  same  stimulus  produces  a  smaller  contraction,  i.  «.,  the 
irritability  of  the  preparation  bus  diminished.  In  other  words,  the  muscle 
or  nerve  or  both  have  bec<m»e  partially  "  exhausted,"  and  the  exhaustion 
subsequently  increaaes,  the  same  stimulus  producing  smaller  contractions, 
until  at  last  all  irritability  is  li>3t,  no  slimnhis,  however  strong,  producing 
any  contraction,  whether  applied  to  the  nerve  or  directly  to  the  muscle;  and 
eventually  the  muscle,  as  we  have  seen,  becomes  rigid.  The  progress  of  this 
exhaustion  ia  more  rapid  in  the  nerves  than  in  the  muscles;  for  some  time 
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«Aer  the  uerve-trunk  has  ceased  to  respuiul  to  even  the  strougest  stimulus, 
eootnctinns  may  be  obtained  by  applying  the  stimulus  directly  to  the  mus- 
cle. U  is  much  more  rapid  in  the  warm-blooded  thau  in  the  cold-blomled 
uimiLi.  The  muscles  and  nerves  of  the  former  lose  their  irritability  when 
nooved  from  the  body,  after  a  period  varying  according  to  circumstances, 
frooA  few  minutes  to  two  or  three  hours;  those  of  cold-blooded  unimals 
]ea«t  of  an  amphibian  or  a  reptile)  may,  under  favorable  conditions. 
irritable  for  two,  three,  or  even  more  days.  The  duration  of  irrita- 
ity  in  warm-blooded  animals  may,  however,  be  considerably  prolonged 
by  reducing  the  temperature  of  the  body  before  death. 

If  with  some  thin   body  a  sharp   blow  be  struck   across  a  muscle  which  haa 
«ot«f«d  iniu  the  later  stages  of  cxhnustion  a  whoni  lasting  for  Mvcral  seconds  is 
developed.    This  wheal   uppenre  to   bo   a  mniniction  wuvi*  limiied  to  the  part 
It  and  dimppettriiiic  very  slowly  without  cxitfuditiK  to  the  nciifhboring  nius- 
ffbraobauoce.     It  has  been  called  »n  "  iifin  mimcnt'tr'^  ountruci ion,  because  it 
ly  be  brought  out  oven  when  ordinary  ifitimiili  have  reused  tu  produce  any  efleci. 
[IlnAV.  however,  be  aec-ompanied  at  its  bei^inuing  by  an  ordinary  contraction.     It 
lily  produced  in  the  Itvinp  body  on  the  pectoral  and  other  muscles   of  per- 
Tering  from  phthisis  and  other  exhaustinii;  diseases. 

This  natural  exhaustion  and  diminution  of  irrital)ility  in  muscles  aud 
ea  removed  from  the  body  may  be  modified  both  in  the  case  of  the  mus- 
cle and  of  the  nerve  by  a  variety  of  circumstancea.     Similarly,  while  the 
urve  and  muscle  still  remain  in  the  body,  the  irritability  of  the  one  or  of 
'    other  may  be  modified  either  in  the  way  of  increaae  or  of  decrease  by 
io  general  influences,  of  which  the  most  important  are  severance  from 
central  nervous  system  and  variations  in  tempeniture,  in  blood-supply 
d  in  functional  activity. 

The  ffferU  of  f*evtrance  from  the  central  nervowi  system.  When  a  nerve, 
ch,  for  iustauce.  as  the  sciatic,  is  divided  m  fitu,  in  the  living  body,  there 
first  of  all,  observed  a  light  increase  of  irritability,  noticeable  esf>ecially 
fiear  the  cut  eml,  but  after  a  while  the  irritability  diminishes  and  gradually 
4iMppear8.  Both  the  slight  initial  increase  and  the  subsequent  decrease 
hwin  at  the  cut  en<l  and  advance  centrifugally  toward  the  peripheral  ter- 
atuliouft.  This  centrifugal  feature  of  the  k»6s  of  irritability  is  otteu  spoken 
of  tta  the  Hitter- Valli  law.  in  a  tnaminal  it  may  be  two  or  three  days  ;  in 
A  (tog,  as  many,  or  even  more  weeks,  belr>re  irritability  hasdisappearei)  from 
t^  Derve-truuk.  It  is  maintained  in  the  small  (and  especially  in  the  iutra- 
lar^  branches  for  still  hinger  periods. 

is  centrifugal  loss  of  irritability  is  the  forerunner  in  the  peripheral 
of  the  divided  nerve  of  structural  changes  which  proceed  in  a  aim- 
trifugal  manner.  The  medulla  sutlers  changes  similar  to  thoee  seen 
e  fibres  after  removal  from  the  body;  tia  double  contour  and  its 
eteriatic  indentations  become  more  marked  ;  it  breaks  up  into  small 
imgalar  fragmenU  or  drops.  Mingled  with  the  fut  particles  of  the  medulla 
are  aecn  amall  masses  of  protcid  material,  which  ap[>car  to  be  derived  from 
tbe  protoplasm  around  the  nuclei.  Meanwhile  the  axis-cylinder  also  breaks 
an  iulo  fragments,  and  the  nuclei  of  the  neurilemma  divide  and  multiply. 
Ine  £atty  constituents  subsiMpicntly  decrease  in  amount,  the  proteid  material 
ittcrcftsing  or  not  diminishing,  and  thus  the  contents  of  the  neurilemma 
between  each  two  nodes  is  re<iuced  to  a  mass  of  proteid  material,  in  which 
Ih-  ri-»,-«,pnt8  of  the  axia-cyliuder  can  no  longer  be  recognized.  This  maas, 
«  I  retains  some  ikt  globules,  is  studde<l  with  nuclei.  If  no  regenera- 

tii-ii  iJiHiTP  place  these  nuclei,  with  their  proteid  bed,  eventually  disappear. 
In  tbe  central  portion  of  the  divided  nerve  similar  changes  may  be  traced 
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as  far  only  as  the  uext,  uoJe  of  Rauvier.  Beyond  this  the  nerve  usually 
remains  in  a  normal  conHition. 

RegeneratioD,  when  it  occurs,  is  apparently  carried  out  by  the  peripheral 
growth  of  the  axis-cylinders  of  the  intact  central  portion.  When  the  cut 
ends  of  the  nerve  are  close  together  the  axis-cylinders  growing  out  from  the 
central  portion  run  into  and  helween  the  shrunken  neurilemmas  of  the 
peripheral  portion  ;  but  much  uncertainty  still  exists  as  to  the  exact  parta 
which  the  proliferated  nuclei  and  the  proteid  material  referred  to  above, 
and  the  ohi  axis-cylindcra  of  the  peripheral  portion  respectively  play  in 
giving  rise  to  the  new  structures  of  the  regenerated  fibre. 

Such  a  degeueratiou  may  be  observed  to  extend  down  to  the  very  endings 
of  the  nerve  in  the  muscle,  including  the  end-plates,  but  does  not  at  first 
affect  the  muscular  substance  itself.  The  luuscte,  though  it  has  lost  all  its 
nervous  elemenlB,  still  remains  irritable  toward  Btimuti  applied  directly  to 
itself:  an  additional  proof  of  the  existence  of  an  independent  muscular 
irritability. 

For  some  time  the  irritability  of  the  muscle,  as  well  toward  stimuli  applied 
directly  to  itself  as  toward  those  applied  thtuu^'h  the  impaired  iier>'e,  seeius  to  be 
diKiinished  ;  but  after  u  while  a  peculiar  couditiuu  (to  which  we  havu  already 
alludf'i,  ^  78)  set«  in,  in  which  the  um^cle  ')a  louud  to  be  not  easily  stimulated  by 
single  induction-shocks  but  t*)  respond  readily  to  the  make  or  break  of  a  constant 
current.  In  fuct,  it  is  said  la  hecnuie  even  more  sensitive  to  the  latter  mode  of 
stimulaiioTi  ihan  it  was  when  its  nt^rvc  was  iniact  and  functionally  active.  At  the 
same  time  it  aho  becomes  more  iiritable  toward  direct  mechani^^al  stimuli*  and 
very  frequently  fibrillur  coutractions.  more  or  lews  rhythmic  and  apparently  of 
spontaneuua  origin,  tbouah  their  causation  is  obficure,  muke  their  iippearai»ce. 
This  phase  of  heightened  sensiliveness  of  a  muscle,  especially  to  the  con&lant 
current*  appear^)  lo  reach  ir^^  m^ixitnum  in  umn  at  about  the  seventh  week  after 
nervous  impulses  have  ceased,  owing  to  injury  to  the  nerves  or  nervoos  centre,  to 
reach  the  muscle. 

If  the  muscle  thus  deprived  of  its  nervous  elements  be  lefl  to  itself  its 
irritability,  however  tested,  sooner  or  later  diminishes;  but  if  the  muscle  be 
periodically  thrown  into  contractions  by  artificial  stimulntion  with  the  con- 
stant current,  the  decline  of  irritability  and  attendant  ln*s  of  nutritive  power 
may  be  ]K«tponed  for  some  considerable  time.  But  as  far  as  our  experience 
goes  at  present  the  artificial  stimulation  cannot  fully  replace  the  natural  one, 
and  sooner  or  later  the  muscle  like  the  nerve  suHers  degeneration,  loses  all 
irritability  and  ultimately  its  place  is  taken  by  connective  tissue. 

S  84,  The  viflnente  of  temperature.  We  have  already  seen  that  sudden 
heat  land  the  tame  luight  be  said  of  cold  when  sufficiently  intense),  applied 
to  a  limited  [)art  of  a  nerve  or  muscle,  as  when  the  nerve  or  muscle  is  touched 
with  a  hot  wire,  will  act  as  a  stimulus.  It  ia,  however,  much  more  difficult 
to  generate  nervous  or  muscular  impulses  by  exposing  a  whole  nerve  or 
muscle  to  a  gradual  rise  uf  lempeniture.  Thus,  according  lo  most  observers, 
a  nerve  beU>ngiug  to  a  muscle'  may  be  either  cooled  to  0°  C.  or  below,  or 
heated  to  50*  C.  or  even  100°  C,  without  discharging  any  nervous  impulses, 
as  shown  by  the  absence  uf  contraction  in  the  attached  muscle.  The  con- 
tractions, moreover,  may  be  absent  even  when  the  heutiug  has  not  been  very 
gradual. 

A  muscle  may  be  gradually  cooled  to  0°  C.  or  below  without  any  contrac- 
tion being  caused;  but  when  it  is  heated  to  a  limit,  which  in  the  case  of 
frog's  muscles  is  about  45^  C,  of  mammalian  muscles  about  50°  C,  a  sad- 
den change  takes  place:  the  muscle  falls  at  the  limiting  temperature  into  a 
rigor  mortis,  which  is  initiated  by  a  forcible  contraction  or  at  least  shortening. 


TIm  kctloD  of  oold  ftud  heftt  on  woioit  oerTOi  wUl  be  ooosUlervd  in  h  later  porUon  of  tbv  work. 
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kJbdortttc  warmth,  e.  17.,  in  the  frog  an  increase  of  temperature  up  to 
Bii^hat  below  45^  C,  favors  both  muscular  aud  nervous  irritability.  All 
^ftrmolecular  processes  are  haAtened  and  facilitated:  the  contraction  is  for 
t^ven  stimulus  greater  and  more  rapid,  i*.  e.,  of  shorter  duration,  and  ner- 
v*if  impulses  are  generated  more  readily  by  slight  stimuli.  Owing  to  the 
wuickening  of  the  chemical  changes,  the  8U])ply  oi  new  material  may  prove 
^Hnifficieot ;  hence  musclee  and  nerves  removed  from  the  body  lose  their 
irritahilitj  more  rapidly  at  a  high  than  at  a  low  temperature. 
[  The  gradual  application  of  aAd  to  a  nerve,  especially  when  the  tempera- 
fare  U  thus  brought  near  to  0"^  C,  slackens  all  the  molecular  processes^  ho 
MU  the  wave  of  nervous  impule  is  lessened  and  prolonged,  the  velocity  of 
m  pttaiftge  being  much  diminished,  e.  ^.,  from  28  metres  to  1  metre  per  second. 
n.t  about  0**  C,  the  irritability  of  the  nerve  disappears  altogether. 

When  a  muscle  is  exposed  to  similar  cold,  e.  g.^  to  a  temperature  very 
little  above  zero,  the  contractions  are  remarkably  prolonged  ;  they  are 
dimtuUbed  in  height  at  the  same  time,  but  not  in  proportion  to  the  increase 
nf  their  duraliou.  Exposed  to  a  temperature  of  zero  or  below,  muscles  soon 
Ine  their  irritability,  without,  however,  undergoing  rigor  mortis.  After  an 
exposure  trf  not  more  than  a  few  seconds  to  a  temperature  not  much  below 
MTo,  tbey  may  be  restore<i  by  gradual  warmth  to  an  irritable  condition, 
even  though  they  may  appear  to  have  been  frozen.  When  kept  frozen, 
bowever,  for  some  few  minutes,  or  when  exposed  for  a  less  time  to  tempera- 
tam  of  several  degrees  below  zero,  their  irritability  is  permanently 
destroyed.  When  after  this  they  are  thawed  they  are  at  first  supple,  and 
m  we  have  seen,  may  be  made  to  yield  muscle  plasma  ;  but  they  very 
•peedity  enter  into  rigor  mortis  of  a  mt>st  pronounced  character. 

$  85-  The  influence  of  blood- supply.  When  a  muscle  still  within  the  body 
ii  deprived  by  any  means  of  its  proper  blood -supply,  as  when  the  blood- 
veMela  going  to  it  are  ligatured,  the  same  gra<lual  lose  of  irritability  and 
final  appearance  of  rigor  mortis  are  observed  as  in  muscles  removed  from 
body.  Thus,  if  the  abdominal  aorta  be  ligatured,  the  muscles  of  the 
cr  limbs  lose  their  irritability  and  finally  become  rigid.  So  also  in  eys- 
ie  death,  when  the  blood  supply  to  the  muscles  is  cut  off  by  the  cessation 
the  circulation,  loss  of  irritability  ensues,  and  rigor  mortis  eventually 
lows.  In  a  human  corpse  the  muscles  of  the  body  enter  into  rigor  mortis 
fixed  order ;  first,  those  of  the  jaw  and  neck,  then  those  of  the  trunk, 
t  those  of  the  arms,  and  lastly  those  of  the  legs.  The  rapidity  with 
rigor  mortis  comes  on  after  death  varies  considerably,  lieing  dcter- 
boih  by  external  circum stances  and  by  the  internal  conditions  of  the 
y.  Thus,  external  warmth  hastens  and  cold  retards  the  onset.  After 
^reat  muscular  exertion,  as  in  hunted  animals,  and  when  death  clcises 
waiting  diseases,  rigor  mortis  in  most  cases  comes  on  rapidly.  As  a  general 
rola,  it  may  be  said  that  the  later  it  is  in  making  ita  appearance  the  more 
pronouDced  it  is,  and  the  huiger  it  lasts ;  but  there  are  many  exceptions, 
and  when  the  state  is  recognized  as  being  fun<lamentalty  due  to  a  clotting  of 
■TToaio,  it  is  easy  to  understand  that  the  amount  of  rigidity,  i.e.,  the  amount 
of  the  clot,  and  the  rapidity  of  the  onset,  1.  r.,  the  ouickness  with  which 
nagnlation  lakes  place,  may  vary  independently.  The  rapidity  of  onset 
aftsr  muscular  exercise  an<l  waiting  disease  may,  perhaps,  be  in  part  depend- 
nl  OD  an  increase  of  acid  reaction,  which  is  produced  under  those  circum- 
tfftaocs  in  the  muscle,  for  this  Keems  to  be  favorable  to  the  coagulation  of 
IIm  muscle  pla^^ma.  When  rigor  mortis  has  once  become  thoroughly  estab- 
lished in  a  muscle  through  deprivation  of  hloixl,  it  citnnot  Lte  removed  by 
aoj  subsequent  supply  of  blood.  Thus,  where  the  abdominal  aorta  has 
ligatured  until  the  lower   limbs  have  become  completely  rigid, 
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untying  tbe  ligature  will  uot  restore  the  muscles  to  an  irritable  condition; 
it  simply  hafltena  the  decomposition  of  the  dead  lig^suea  by  supplying  them 
with  oxygen  and,  in  tbe  case  of  the  mammal,  with  warmth  also.  A  muscle, 
however,  may  acquire  as  a  whole  a  certalu  amount  of  rigidity  on  account  of 
some  of  the  tibres  becoming  rigid,  while  the  remainder,  though  they  have 
lost  their  irritability,  have  uot  yet  advanced  into  rigor  niortiH.  At  such  a 
juncture  a  renewal  of  the  blood-stream  may  restore  ihe  irritability  of  those 
ilbres  which  are  not  yet  rigid,  and  thus  ap[>car  to  do  away  with  riuor  mortis ; 
yet,  it  appears  that  in  such  cases  the  nbres  which  have  actually  become 
rigid  never  regain  their  irritability,  but  undergo  degeneration. 

Mere  Iocs  of  irritability,  even  tliough  complete,  if  flopping  short  of  the 
actual  coagulation  of  the  muscle  substance,  may  be  with  care  removed. 
Thus,  if  a  etreani  of  blood  be  sent  artiticially  through  the  vessels  of  a  sepa- 
rated (mammalian)  muscle,  the  irritability  may  be  maintainetl  for  a  very 
considerable  time.  On  stopping  the  artificial  circulation,  the  irritability 
diminishes  and  lu  time  entirety  disuppeais;  if,  however,  the  stream  be  at 
once  resumed,  the  irritability  will  be  recovered.  By  regulating  tbe  flow, 
the  irritability  may  be  lowered  and  i  up  to  a  certain  limit)  raised  at  pleasure. 
From  the  eiKich,  however,  of  interferenro  with  the  normal  blood-stream  there 
is  a  gradual  diminution  in  the  responses  to  stimuli,  and  ultimately  the  mus- 
oie  loses  all  its  irritability  and  becomes  rigid,  however  welt  the  arliticial 
circulation  be  kept  up.  This  failure  is  pn^hably  in  great  part  due  to  the 
blood  6enl  through  the  tissues  not  beiug  in  a  [>erfeL-tIy  normal  couditiou;  but 
we  have  at  present  very  little  information  on  tluA  point.  Inileed,  with 
respect  to  the  ouaiUy  of  bloocl  thus  essi'ntial  to  the  maiutenance  or  restora- 
tion of  irritability^  our  knowledge  is  deiinite  with  regard  to  one  factor  only, 
viy..,  the  oxygen.  If  blood  deprived  of  its  oxygen  be  sent  through  a  muscle 
rcmove<l  from  the  btxly.  irritability,  so  far  from  being  maintained,  seems 
rather  to  have  its  ditaip|H'urance  hasteneil  In  fact,  if  venous  blood  con- 
liDuea  to  be  driven  through  a  muscle,  the  irritability  of  the  muscle  it(  lost 
even  more  rapidly  than  in  tbe  entire  absence  nf  blood.  It  would  seem  that 
yenous  blood  is  more  injurious  than  none  at  all.  If  exhaustion  be  not 
carried  too  far  the  muscle  may,  however,  be  revived  by  a  proper  supply  ot 
oxygenated  blood. 

The  influence  of  blood-supply  cannot  be  so  satisfactorily  studied  in  the 
case  of  nerves  as  in  tbe  case  of  muscles ;  there  can,  however^  be  little  duubl 
that  the  effects  are  analogous. 

§  86.  Thf  irtjlumce  of  juhcUoimI  activity.  This.  too.  is  more  easily  studied 
in  the  case  of  muscles  than  of  nerves. 

When  a  muscle  within  the  body  is  unused,  it  wastes ;  when  used  it  (within 
certain  limits)  grows.  Hoth  these  farlis  show  that  the  nutrition  of  a  muscle 
is  fav'jrably  sffecteil  by  itti  functiuual  activity.  Part  of  this  may  be  aa 
iuclirect  eH'ect  of  the  increasetl  bliHHl-su|)pIy  which  occurs  when  a  muscle 
contracts.  When  a  nerve  going  to  a  rnuscic  is  ttltmnlaivd,  the  bliHxIvvssela 
of  the  muscle  dilate,  llenct*  at  iht*  lime  of  the  contraction  more  blood 
flows  through  the  muscle,  and  this  increased  flow  continufs  for  some  little 
while  sHer  the  contraction  of  the  muscle  has  ceased.  But.  apart  fr(»m  the 
blow!  supply,  it  is  probubUi  that  the  exhaustion  caused  by  a  coniraction  it 
immediately  tVdlowcd  by  a  reaction  favorable  to  the  nutrition  of  the  muscle; 
and  this  is  a  reason,  possibly  the  chief  reastjn,  why  a  muscle  is  increased  by 
use,  that  is  to  say.  the  loss  of  substance  and  energy  cause^l  bv  the  contrac- 
tion b  subsequently  more  than  made  up  for  by  increased  metabolism  during 
Uie  following  |H>riod  of  rest. 

Whether  there  be  a  third  factor,  whether  muscles  for  instaircc  are  governed 
by  so-called  trophic  nerves  which  allect  their  nutrition  directly  in  some  other 
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way  tfaao  by  iofluenciog  either  their  blood-supply  or  their  activity,  must  at 
present  be  lefl  uncleci<led. 

A  muscle,  even  within  the  body,  afler  prolonged  action  is  fatigued,  t.  e>, 
a  stronger  stimulus  is  required  to  produce  the  same  contraction;  in  other 
words,  its  irritability  may  be  lessened  by  functional  activity.  Whether 
functioual  activity,  therefore,  is  injurious  or  beneficial  depends  on  its  amount 
in  relation  to  the  condition  of  the  muscle.  It  may  he  here  remarked  that  as 
a  tuuecle  becomes  more  and  more  fatigued,  stimuli  of  short  duration,  such  as 

duction-shockB,  sooner  lose  their  efticjicy  than  do  stimuli  of  longer  duration, 

cb  as  the  break  and  make  of  the  constant  current. 

The  sense  of  fatigue  of  which,  after  prolonged  or  unusual  exertion,  we  are 
coQAcious  in  our  own  bodies,  is  probably  of  complex  origin,  and  its  nature, 
like  that  of  the  normal  muscular  eeuse  of  which  we  shall  have  to  speak 
hereal^r,  is  at  present  not  thoroughly  understood.  It  seema  to  be  in  the  first 
place  the  result  of  changes  in  the  muscles  themselves^  but  is  poesibly  also 
caused  by  changes  in  the  nervous  apparatus  concerned  in  muscular  action, 
and  especially  in  those  parts  of  the  cental  nervous  system  which  are  con- 
oeraed  in  tlie  production  of  voluntary  impulses.  In  any  case  it  cannot  be 
taken  as  an  adequate  mcnsiirc  of  the  actual  iatiguc  of  the  muscles  ;  for  a 
man  who  says  he  is  absolutely  exhausted  may,  under  excitement,  perform  a 
Tery  large  amount  of  work  with  his  already  weary  muscles.  The  will,  in 
&ct,  rarely  if  ever  calls  forth  the  greatest  contractions  of  which  the  muscles 
are  capable. 

Absolute  (temporary)  exhaustion  of  the  muscles,  so  that  the  strongest 
imuli  produce  no  contraction,  may  be  produced  even  within  the  body  by 

ificial  stimulation ;  recovery  takes  place  on  rest.  Out  of  the  body  absolute 
exhaustion    takes   place    readily.      Here,  also,  recovery  may  take    place. 

hether  in  any  given  case  it  does  occur  or  not,  is  determined  by  the  amount 
contraction  causing  the  exhaustion,  and  by  the  previous  condition  of  the 

uscle.  In  all  cases  recovery  is  hastened  by  renewal  (natural  or  artificial) 
of  the  blood-Btream. 

The  more  rapidly  the  contractions  follow  each  other,  the  less  the  interval 
between  any  two  contractions,  the  more  rapid  the  exhaustion.  A  certain 
Dorober  of  single  induction-shocks  repeated  rapidly,  say  every  second  or 
ofiener,  bring  about  exhaustive  toss  of  irritability  more  rapidly  than  the 
mme  number  of  shocka  repeated  less  rapidly,  for  instance  every  5  or  10 
aeconds.     Hence  tetanus  is  a  ready  means  of  producing  exhaustion. 

In  exhausted  muscles  the  elasticity  is  much  diminished  ;  the  tired  muscle 
returns  less  readily  to  its  natural  length  than  does  the  fresh  one. 

The  exhaustion  due  to  contraction  may  be  the  result  either  of  the  con- 
sumption of  the  store  of  really  contractile  material  present  in  the  muscle; 
or  01  the  accumulation  in  the  tissue  of  the  products  of  the  act  of  contraction  ; 
of  both  of  these  causes. 

The  restorative  influence  of  rest,  in  the  case  of  a  muscle  removed  from  the 
ulatinu,  may  be  explained  by  supposing  that  during  the  repose,  either 

e  internal  ohangea  of  the  tissue  manufacture  now  explosive  material  out  of 

e  comparatively  raw  material  already  present  in  the  fibres,  or  the  directly 

rtful  proiiucts  of  the  act  of  contraction  undergo  changes  bv  which  they 
converted  into  comparatively  inert  bodies.     A  stream  of  fresh  blood 

ay  exert  its  restorative  influence  not  only  by  quickening  the  above  two 

enl*.  but  also  by  carrying  otf  the  immediate  waste  products  while  at  the 
le  time  it  brings  new  raw  material.  It  is  not  known  to  what  extent  each 
t-tf  ibese  parts  is  played.  That  the  products  of  contraction  are  exhausting  in 
their  ef!ect«,  is  shown  by  the  facts  that  the  injection  of  a  solution  of  the 
tnuscle-extractivee  into  the  vessels  of  a  muscle  produces  exhaustion,  and  that 
^^  10 
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eximuflted  muscles  are  recovered  by  the  eimple  iojectiun  of  inert  saline 
Bolutioiis  into  their  bloodvesselg.  But  the  matter  has  not  yet  been  fully 
worked  out. 

One  important  element  brought  by  fresh  blood  is  oxygen.  ThiSt  M  we 
have  seen,  ia  not  necessary  for  the  carrying  out  of  the  actual  contraction ,  and 
vet  ia  essential  to  the  maintenance  of  irritability.  The  oxygen  absorbed 
ny  the  muscle  apparently  enters  in  some  peculiar  way  into  the  fomialion  of 
that  complex  expl^jsive  material  the  decomposition  of  which  in  the  act  of 
contraction,  though  it  gives  rise  to  carbonic  acid  and  other  products  of 
oxidation,  is  not  in  itself  a  process  of  direct  oxidation. 


The  Energy  of  Muhcle  and  Nkuve,  and  thk  Nature  op 
Muscular  and  Nervous  Action. 

§  87.  We  may  briefly  recapitulate  some  of  the  chief  results  arriveti  at  in 
the  preceding  pages  as  follows  : 

A  muscular  contraction  itself  ia  essentially  a  translocation  of  molecules,  a 
change  of  form,  not  of  bulk.  We  cannot  say,  however,  anything  deHnite  as 
to  the  nature  of  this  translocation  or  as  to  the  way  iu  which  it  is  brought 
about.  F^or  instance  we  cannot  satisfactorily  explain  the  connection  between 
the  striation  of  a  muscular  fibre  and  a  muscular  contraction.  Nearly  all 
rapidly  contracting  muscles  are  striated,  aud  we  must  suppose  that  the 
striation  is  of  some  use;  but  it  is  not  essential  to  the  carrying  out  of  a  con- 
tracti<iu,  for,  as  we  shall  see,  the  contraction  of  a  non-striated  muscle  is 
fundamentally  the  same  as  that  of  a  striated  muscle.  But  whatever  be  the 
exact  way  in  which  the  translocation  is  etfected,  it  is  in  some  way  or  other 
the  result  of  a  chemical  change,  of  an  explosive  decomprjsition  of  certain 
parts  of  the  muscle  substance.  The  energy  which  ie  expended  in  the 
mechanical  work  done  by  tlie  muscle  has  its  source  in  the  energy  latent  in 
the  muscle  substance  and  aet  free  by  that  explosion.  Concerning  the  nature 
of  that  explosion  we  only  know  at  present  that  it  results  in  the  production 
of  carbonic  acid  and  in  an  increase  of  the  acid  reaction,  and  that  heat  is  set 
free  as  well  as  the  specitic  muscular  energy.  There  is  a  general  parallelism 
between  the  extent  of  metabolism  taking  place  and  the  amount  of  energy  set 
free;  the  greater  the  development  of  carbonic  acid,  the  larger  is  the  con- 
traction aud  the  higher  the  temperature. 

It  is  imptirtant  to  remember  that,  as  we  have  already  urged,  relaxation,  the 
return  to  the  original  length,  is  an  essential  part  of  the  whole  contraction  no 
less  than  the  shortening  itself.  It  is  true  that  the  return  to  the  original 
length  is  assisted  by  the  stretching  exerted  by  the  load,  and  in  the  case  of 
muscles  within  the  living  botjy  is  secured  by  the  action  of  antagonistic 
muscles  or  by  various  anatonnc^il  relations;  hut  the  fact  that  the  complete- 
nesB  and  rapidity  of  the  return  are  dependent  on  the  condition  of  the  muscle, 
that  is,  on  the  complex  changes  within  the  muscle  making  up  what  we  call 
its  nutrition,  the  tired  muscle  relaxing  much  more  slowly  than  the  untired 
muscle,  shows  that  the  relaxation  is  due  in  the  main  to  intrinsic  processes 
going  on  in  the  muscle  itself,  processes  which  we  might  characterize  as  the 
reverse  of  those  of  contraction.  In  fact,  to  put  the  matter  forcibly,  adopting 
the  illustration  used  in  >^  57,  and  regarding  relaxation  asachangeof  molecuiee 
from  a  "  formation  '*  of  one  hundred  in  two  lines  of  lifty  each  to  a  formation 
of  ten  columns  each  ten  deep,  it  would  be  possible  to  support  the  theory  that 
the  really  active  forces  in  muscle  are  those  striving  to  maintain  the  latter 
formation  in  columns,  and  that  the  falling  into  double  lines,  that  is  to  say 
the  contraction,  is  the  result  of  these  forces  ceasing  to  act ;  in  other  worda 
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Contracted  state  of  the  muscular  ftbre  is  what  may  be  called  the 
flfalte,  that  the  relaxed  condition  is  only  brought  about  at  the  expense 
ofchaogte  cyjuDteracting  the  natural  tendencies  of  the  fibre.  Without  going 
ID  £ir  aa  thi«,  however,  we  way  still  recognize  that  both  coutraction  and 
relaxatioD  are  the  result  of  changes  which,  since  they  seem  to  be  of  a  chemical 
oiture  in  the  one  case,  are  probably  so  in  the  other  also.  And  though  in  the 
ihience  of  exact  knowledge  it  is  dangerous  to  speculate,  we  may  imagine 
ibt  lhe»e  chemical  events  leading  to  relaxation  or  elongation  are  of  an 
oraosite  or  autagonistic  character  to  those  whose  issue  is  contraction. 

It  has  not  been  p^^tesible  hitherto  to  draw  up  a  complete  equation  between 
tk«  latent  energy  of  the  material  and  the  two  forms  of  actual  energy  set 
free,  beat  and  movement.  The  proportion  of  energy  given  out  as  beat  to 
thii taking  on  the  form  of  work  vanes  under  different  circumstances:  and 
ilvould  apfiear  that  on  the  whole  a  muscle  would  not  be  much  more  efficient 
ikm  a  tteam-engine  in  respect  to  the  conversion  of  chemical  action  into 
aedkanical  work,  were  it  not  that  in  warm-bIoo<]cd  animals  the  heat  given 
oatfi  Dol^  as  in  the  steam-engine,  mere  loss,  but  by  keeping  up  the  animal 
feBip«rature  serves  many  subsidiary  pur|>ose8.  It  might  be  supposed  that  in 
ifDQti«ct)on  by  which  work  is  actually  done,  as  compared  with  the  same 
contraction  when  no  work  is  done,  there  is  a  diminution  of  the  increase  of 
temperature  corresponding  to  the  amount  of  work  done,  that  is  to  say,  that 
1^  mechanical  work  is  done  at  the  expense  of  energy  which  otherwise  would 
p  uut  as  heat.  Probable  as  this  may  seem,  it  has  not  yet  been  experi- 
MBtAlly  verified. 

Of  the  exact  nature  of  the  chemical  changes  which  underlie  a  muscular 
enotraction  we  know  very  little,  the  most  important  liact  being,  that  the  ctm- 
biction  u  not  the  outcome  of  a  direct  oxidation,  but  the  splitting  up  or 
ttploilv«  decomposition  of  some  complex  substance  or  substances.  The 
mele  does  consume  oxygen,  and  the  products  of  muscular  metabolism  are 
ia  the  end  products  of  oxidation,  but  the  oxygen  appears  to  be  introduced 
aoCaithe  momeiit  of  exphjsion  but  at  some  earlier  date.  As  to  the  real 
Mtare  of  this  explosive  material  we  are  as  yet  in  the  dark  ;  we  do  not  know 
&r  etrtain  whether  we  ought  to  regard  it  as  a  single  substance  (in  the 
(bemical  sense)  or  as  a  mixture  of  more  substances  than  one.  We  may, 
kovevcr,  perhaps  be  allowed  provisionally  to  speak  of  it  at  all  events  as  a 
■■fie  substance  and  to  call  it  '*  contractile  material/'  or  we  may  adopt  a 
tocm  which  has  been  suggested  and  call  it  inotjen. 

We  shall  have  occasion  to  point  out  later  on,  that  the  living  subatance  of 
nrruin  cells  ie  able  to  manufacture  aud  to  lodge  in  the  Hul)stiu]ce  of  the  cell 
itUtirely  considerable  quantities  of  fat  whereby  the  cell  becomes  a  fat  cell, 
tht  fkt  M)  formed  and  lodged  being  subHe<|ueutly  by  some  means  or  other 
diMbarged  from  the  cell.  We  shall  also  have  occasion  to  point  out  that  in  a 
aoMtwlMt  similar  way  the  living  material  of  certain  gland  cells  manufactures 
Bid  lodges  m  itself  certain  substances  which,  when  the  cell  "secretes." 
Micfgo  more  or  less  change  an<l  are  ejected  from  the  cell.  These  substancee 
l|»Mar  to  be  pr^Hlucts  <>f  the  activity  of  the  living  substance  of  the  cell,  and 
lA  M  lo  related  to  that  living  substance  that,  though  discontinuous  with  it 
mi  BBerely  lodged  in  it,  they  are  still  capable  of  being  so  influenced  by  it  %a 
i«  SB^iergo  change  more  or  less  sudden,  more  or  lees  profound.  And  we 
aay.  reatiDg  on  theanalogy  of  these  fat  cells  and  gland  cells,  suppose  that  the 
''''"'- 9ub«ta nee  of  the  muscle  manufactures  and  lodges  in  itself  thi^  con- 

'     :•-  material  or  inogen  which  is  capable  of  being  so  influenced  by  the 
iiMiig  adlj«tauoo  as  to  undergo  an  explosive  decomposition.     But  we  here 
niih  a  difficulty. 

Tkt  muMrtilar  fibre  as  a  whole  is  eminently  a  nitrogenous  proteid.body ; 
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lUBcuiar  nores  oi  lue  Doay  lortu  tne  greater 
mafia  of  the  hoAy.  Moreover  the  oriiinary  continued  metabolism  of  the 
muscular  fibre  as  a  whole  is  essentially  a  nitrogenous  metabolism;  as  we 
shall  have  to  point  out  later  on^the  muscles  undoubtedly  supply  a  great  part 
of  that  large  nttrogenoua  waste  which  appeara  in  the  urine  as  urea;  the 
nitrogenous  metabolism  of  the  muscle  during  the  tweoty-four  hours  must 
therefore  be  considerable,  and  under  certain  circumgtaoccs,  as  for  instance 
during  fever,  this  nitrogenous  metabolism  may  be  stfll  further  largely 
increased. 

On  the  other  hand,  as  we  have  already  shown,  there  can  be  no  doubt  that 
the  act  of  coutractloo,  the  explosive  decomposition  of  the  inogen,  does  not 
increase  the  nitrogenous  metabolism  of  the  muscle.  Shall  we  conclude  then 
that  the  inogen  is  essentially  a  non-nitrogenous  body  lodged  in  the  nitro- 
genous muscle  suljstance?  Not  only  have  we  no  positive  evidence  of  this, 
but  the  analogy  between  contraction  and  rigor  mortis  is  directly  opposed  to 
such  a  view  ;  for  it  is  almost  impossible  to  resist  the  conclusion  that  the  stuff 
which  gives  rise  to  the  myosin  clot,  the  carbonic  acid,  and  lactic  acid  or 
other  acid-producing  substaucea  of  rigor  mortis,  is  the  same  stuff  which 
gives  rise  to  the  carbonic  acid  and  lactic  acid  or  other  acid-producing  sub- 
stances of  a  contraction.  The  difference  between  the  two  seems  to  be  that  in 
the  contraction  the  nitrogenous  product  of  the  decomposition  of  the  inogeu 
does  not  appear  as  solid  myosin,  but  assumes  the  lorm  of  some  soluble 
proteid.  The  important  fact  concerning  the  two  acta,  rigor  mortis  and  con- 
traction,  is  that»  while  the  great  non-nitrogenous  product  of  the  decomposition 
of  the  inogen,  viz.  carbonic  acid,  is  simple  waste  matter  containing  no  energy, 
fit  only  to  be  cast  out  of  the  body  at  once  (and  the  same  is  nearly  true  of  the 
other  DOD-niirogeDous  product,  lactic  acid),  the  nitrogenous  product  being  a 
proteid  is  still  a  body  containing  much  energy,  which  in  the  case  of  the  liviDg 
muscle  may  after  the  contractiou  be  utilized  by  the  muscle  itself,  or,  being 
carried  away  into  the  blood-stream,  by  8(>me  other  parts  of  the  body. 

But  if  this  view  be  correct  the  unlitiary  metabolism  going  on  while  the 
muscle  is  at  rest  must  differ  in  kind  as  well  as,  and  perhaps  more  than,  in 
degree  from  the  metubulium  of  contraction  ;  for  the  former,  as  we  have  Just 
said,  is  essentially  a  uitrogeaous  metabolism  largely  contributing  to  the  nitro- 
genous waste  of  the  body  at  large. 

Whether  in  the  muscle  at  rest  this  nitrogenous  metabolism  is  confined  to 
that  part  of  the  muscle  in  which  the  inogen  is  lodged  and  does  not  involve 
the  inogen  itself,  or  whether  the  iuogen  as  well  as  the  rest  of  the  fibre  under- 
goes metabolism  when  the  muscle  is  at  rest,  going  off  in  puffs,  so  to  speak, 
instead  of  in  a  large  e^iplosion,  its  nitrogenous  factors  being  at  the  same  time 
involved  in  the  change,  arc  fjuestions  which  we  cannot  at  present  settle. 

J  88.  AVhile  in  muscle  the  chemical  events  are  so  prominent  that  we 
cannot  help  considering  a  muscular  contraction  to  be  esseutially  a  chemical 
process,  with  electrical  changes  as  attendant  phenomena  only,  the  case  is  dif- 
lerent  with  nerves.  Here  the  electrical  phenomena  completely  overshadow 
the  chemical.  Our  knowledge  of  the  chemistry  of  nerves  is  at  present  of  the 
scantiest,  and  the  little  we  know  as  to  the  chemical  changes  of  nervous  sub- 
stance is  gained  by  the  study  of  the  central  nervous  organs  rather  than  of 
the  nerves.  AVe  find  that  the  irritability  of  the  former  is  closely  dependent 
on  an  adequate  supply  of  oxygen,  and  we  may  infer  from  this  that  in  nervous 
as  in  muscular  substance  a  metabolism,  of  in  the  main  an  oxidative  character, 
is  the  real  cause  of  the  development  of  energy ;  and  the  axis-cylinder,  which 
as  we  have  seen  is  moat  probably  the  active  element  of  a  nerve-fibre,  un- 
doubtedly resembles  in  many  of  its  chemical  features  the  substance  of  a 
muscular  fibre.     But  we  have  aa  yet  uo  satisfactory  experimental  evideace 
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that  the  passage  of  a  nervous  impulse  along  a  nerve  is  the  result,  like  the 
o.iotractioD  of  a  muscular  fibre,  of  chemical  changes,  and  like  it  accompanied 
br  aji  evolution  of  heat.  On  the  other  hand,  the  electrif  phenomena  are  so 
prominent  that  some  have  been  tempted  to  regard  a  nervous  impulse  as 
(■eotiiilly  an  electrical  change.  But  it  must  be  remembered  that  the  actual 
aMirf  >^t  free  in  a  nervous  impulse  is,  so  to  B(>eak,  inaigniBcant,  so  that 
ibinical  changes  too  slight  in  be  recognized  by  the  means  al  present  at  our 
rfapmal  would  amply  suffice  to  provide  all  the  energy  set  free.  On  the  other 
band,  the  rate  of  transmission  of  a  nervous  impulse,  putting  aside  other 
featoree*  is  alone  sufticient  to  prove  that  it  is  sotiieihing  quite  ditfereut  from 
u  ordinary  electric  current. 

The  curious  disposition  of  the  end-plates,  and  their  remarkable  analogy 
with  the  electric  organs  which  are  found  in  certain  animals,  has  suggested 
the  view  that  the  passage  of  a  nervous  impulse  from  the  nerve  tibre  into  the 
Biucular  substance  is  of  the  nature  of  an  electric  discharge.  But  these 
mailers  are  too  difficult  and  too  ahtruse  to  be  discussed  here. 

It  may.  however,  be  worth  while  to  remind  the  reader  that  in  every  cod* 
tnctiun  of  a  muscular  fibre,  the  actual  change  of  form  is  preceded  by  invisible 
changes  propagated  all  over  the  fibre  and  occupying  the  latent  period,  and 
that  these  changes  resemble  iu  their  features  the  nervous  impulse  of  which 
thry  are,  so  to  speak,  the  continuation  rather  than  the  contraction  of  which 
iber  are  the  forerunners  and  to  which  they  give  rise.  So  that  a  muscle,  even 
patting  aside  the  visible  terminations  of  the  nerve,  is  fundamentally  & 
and  a  nerve  besides. 


On  Some  Other  Forms  of  Contractile  Tissue. 
Plain,  Stnooih  or  Unstriated  Muscular  TUeue. 


i  88.  Tbu,  in  vertebrates  at  all  eveuts,  rarely  occurs  in  isolated  masses  or 
ootcles,  as  does  striated  muscular  tissue,  but  is  usually  found  taking  part  in 
tbestracture  of  complex  organs,  such  fur  instance  as  the  intestines  ;  hence 
the  investigation  of  its  pro|)erties  is  beset  with  many  difficulties. 

It  is  usually  arranged  in  sheets,  composed  of  flattened  bundles  or  bands 
bound  together  by  connective  tissue  carrying  bloodvessels,  lymphatics,  and 
nerves.  Some  of  these  bundles  or  bands  may  be  split  up  into  smaller  bands 
lifflilarly  united  to  each  other  by  cocnective  tisbue,  but  iu  many  cases  the 
vkole  sheet  being  thin  is  made  up  directly  of  small  bands.  Each  small 
faaod  b  composed  of  a  number  of  elementary  fibres  or  fibre  cells,  which  in  a 
certSiD  sense  are  analogous  to  the  striated  elementary  fibres,  but  in  many 
mpects  differ  widely  from  them. 

Each  unstriated  elementary  fibre  is  a  miuute  object,  from  50  "  to  200  /'  in 
hskph  and  from  5  f  to  10  m  in  breadth  ;  it  is  therefore,  in  size,  of  a  wholly 
tUbKtXki  order  from  a  striated  fibre.  [Fig.  43.]  It  is  fusiform  or  spiudle- 
■hannd.  somewhat  flattened  in  the  middle  and  tapering  to  a  poiut  at  the 
fttw»  which  in  some  cases  are  branched;  but  the  exact  form  of  the  fibre 
will  differ  according  as  the  muscle  is  in  a  state  of  contraction  or  relaxation. 

Midway  between  the  two  ends  and  in  the  centre  of  the  fusiform  body  lies 
a  Ducleus.  which  in  a  normal  condition  is  elliptical  in  outline,  with  its  long 
uis  lying  len^jthwise,  but  which  under  the  influence  of  reagents  is  very 
•pt  to  become  rod-shapetl ;  hence  in  prepared  specimens  the  presence  of  these 
nj«i«haped  nuclei  is  very  characteristic  of  plain  muscular  tissue. 

The  nucleus  has  the  ordinary  characters  nf  a  nucleus,  and  very  fre- 
two  nucleoli  are  conspicuous.     Around  the  nucleus  is  gathered  a 
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small  nuantity  of  granular  protoplasm,  like  that  around  the  nuclei  of  a 
striatea  fibre,  and  tnie  is  continued  along  the  axis  of  the  fibre  for  some  dis- 

tauce  from  each  pole  of  the  nucleus,  gradually 
tapering  away,  and  so  forming  a  slender  granular 
core  in  the  median  portion  of  the  fibre. 

The  rest  of  the  fibre,  forming  its  chief  part,  is 
composed  of  a  trau9[>arent  but  somewhat  refractive 
substance,  which  is  either  homogeneous  or  exhibits 
a  delicate  lougitudtttal  Hbrillation;  this  is  the 
muscle  substance  of  the  fibre  and  corresponds  to 
the  muscle  substance  of  the  striated  fibre,  but  is 
not  striated.  Sometimes  the  whole  fibre  is  thrown 
into  a  series  of  transverse  wrinkles,  which  give 
it  a  striated  appearance,  but  this  is  a  very  dif- 
ferent fttriation  from  that  produced  by  an  alterna- 
iiim  of  dim  and  bright  bands.  No  such  alterua- 
tioD  of  bands  is  to  be  seen  in  the  plain  muscular 
fibre  ;  the  whole  of  the  substance  of  the  fibre 
around  the  nucleus  and  core  is  homogeneous,  or 
at  least  exhibits  no  diflerentiation  beyond  that 
into  fibriihe  and  interfibrillar  substance,  and  even 
this  distinction  is  doubtful. 

The  fibre  has  a  sharp  clear  outline  but  is  not 
limited  by  auy  distinct  sheath  corresponding  to 
the  sarcolemma,  at  least  according  to  most  ob- 
servers. 
It  is  obvious  that  the  plain  muscular  fibre  is  a  nucleated  cell,  the  cell  sub- 
stance of  which  has  become  <li(f(^rentiatpd  into  contractile  substance,  the  cell 
otherwise  being  but  slightly  changed  ;  whereas  the  much  larger  striated  fibre 
is  either  a  number  of  cells  fused  together  or  a  cell  which  has  undergone 
multiplication  in  so  far  that  its  nucleus  has  given  rise  to  several  nuclei,  but 
iu  which  no  divisiou  of  cell  substance  has  taken  place. 

A  number  of  such  fusiform  DucleAted  cells  or  fibres  or  fibre  cells  are 
united  together,  not  by  connective  tissue  but  by  a  peculiar  proteid  cement 
substance,  into  a  flat  band  or  bundle,  the  tapering  end  of  one  fibre  dovetail- 
ing in  between  the  bodies  of  other  fibres,  r?o  long  as  this  cement  substance 
is  intact  it  is  very  difficult  to  isolate  an  individual  fibre,  but  various  reagents 
will  dissolve  or  lessen  this  cement,  and  then  the  fibres  separate. 

Small  flat  bands  thus  formed  of  fibres  cemented  together  are  variously 
arranged  by  means  of  connective  tissue,  sometimes  into  a  plexus,  sometimes 
into  thicker  larger  bauds,  which  in  turn  may  be  bound  up,  as  we  have  said, 
into  sheets  of  varying  thickness. 

In  the  plexus,  of  course,  the  bands  run  in  various  directions,  but  in  the 
sheets  or  membranes  they  (ollow  for  the  most  part  the  same  directitm,  and  a 
thin  transx'erse  section  of  a  j^omewbat  thick  sheet  present-s  a  number  of 
smaller  or  larger  areas,  corresponding  to  the  smaller  or  larger  bands  which 
are  cut  across.  The  limits  of  each  area  are  more  or  lest  clearly  defined  by 
the  connective  tissue  in  which  bloodvessels  may  be  seen,  the  area  itself  being 
compoeed  of  a  number  of  oval  outlines,  the  sections  of  the  flattened  indi- 
vidual fibres;  in  hardened  specimens  the  outlines  may  from  mutual  pressure 
appear  polygonal.  In  the  centre  of  some  of  these  sections  of  fibres  the 
nucleus  may  be  seen,  but  it  will,  of  course,  be  absent  from  those  fibres  in 
which  the  plane  of  section  has  passed  either  above  or  below  the  nucleus. 
When  a  thin  sheet  of  plain  muscle  is  spread  out  or  teased  out  under  the 
microscope,  the  bands  may  also  be  recognized,  and  at  the  torn  ends  of  some 
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ids  the  individual  fibres  may  bo  seen  projecting  after  the  fashion  of 

ye  aw  Is  and  lymphatics  are  carried  by  the  connective  tissue,  and  form 
cttiUar^  networks  and  Ivniphatic  plexuBca  round  thesDiailer  hnndK. 

^  90.  The  arrsDgement  of  the  nerves  in  unstriated  muscle  differs  from  that 
is  striated  muscle.  Whereas  in  striated  muscle  medullated  librea  comiug 
direct  fDin  the  anterior  roots  of  spinal  nerve«  predominate,  in  plain  muscle 
bon-medullated  libres  are  most  abundant;  iu  fact  the  nerves  going  to  plain 
BMseUa  are  not  only  small  but  are  almost  exclusively  composed  of  non- 
nllated  fibres  and  come  to  the  muscles  from  the  so-called  sympathetic 
m.  Passing  into  the  connective  tissue  between  the  bundles  the  nerves 
and,  joiningagain,  form  a  plexus  around  the  bundles  ;  that  is  to  say,  a 
twig  consistiug  of  a  few,  or  jierhaps  only  one  axis-cylinder,  comiug  from 
branch  will  run  alongside  of  or  join  a  similar  small  twig  coming  from 
ther  branch  ;  the  individual  axis-cylinders,  however,  do  not  themselves 
Prom  such  primary  plexuses,  in  which  a  few  medullated  fibres 
present  among  the  nou-medullated  Hbres,  are  given  off  still  Bner.  '*  inter- 
Mbate  "  plexuses  consisting  exclusively  of  uon-medultated  libres;  these 
tabrace  the  smaller  bundles  of  muscular  Hbres.  The  branches  of  these 
may  consist  of  a  single  axis-cylinder,  or  may  even  be  filaments  cor- 
ia|r  to  several  or  a  few  only  of  the  fibrillte  of  which  an  axis-cylinder 
iinpposea  to  be  composed.  From  these  intermediate  plexuses  are  given  off 
Mttgle  fibrillsB  or  very  small  bundles  of  fibriliss,  which  running  in  the  cement 
ftthitance  between  the  individual  fibres  form  a  fine  network  around  the  indi- 
ridual  fibres,  which  network  differs  from  the  plexuses  just  spoken  of,  inas- 
■adi  assume  of  the  filaments  composing  it  appear  to  coalesce.  The  ultimate 
CBiKoff  nf  this  network  has  not  yet  been  conclusively  traced  ;  but  it  seems 
le  that  fibrils  from  the  network  terminate  in  small  knobs  or  swellings 
the  substance  of  the  muscular  fibres,  somewhat  aAer  the  fashion  of 
end'plates. 

liar  termination  of  nerves  in  a  plexus  or  network  is  met  with  in 
tissues,  and  is  not  confined  to  non-medullated  fibres.  A  medullated 
may  end  in  a  plexus,  and  when  it  does  so  loses  first  its  medulla  and 
ffbnquently  its  neurilemma,  the  plexus  becoming  ultimately  like  that  formed 
brs  DOD-medu Hated  fibre  and  consisting  of  attenuated  axis-cylinders  with 
thickenings,  and  sometimes  with  nouolei,  at  the  nodal  points. 

i91.  As  far  as  we  know,  plain  muscular  tissue  in  its  chemical  features 
tvemblea  striated  muscular  tissue.  It  contains  albumin,  some  forms  of 
riobolin.  and  antecedents  of  myosin  which  upon  the  death  of  the  fibres 
■Mome  mTosio  :  lor  plain  muscular  tissue  ailer  death  becomes  rigid,  losing 
iliextennbility  and  probably  becoming  acid,  though  the  acidity  is  not  so 
Btrked  as  in  striated  muscle.  Kreatin  has  also  been  found,  as  well  as 
gljougvn,  and.  indeed,  it  seems  probable  that  the  whole  metabolism  of 
pbun  muscular  tissue  is  fundamentally  the  same  as  that  of  the  striated 


$BS.  In  their  general  physical  features  plain  muscular  fibres  also  resemble 
Nristed  fibres,  and  like  them  they  are  irritable  and  contractile;  whenstimu- 
Islcd  they  contract.  The  fibres  vary  in  natural  length  in  different  situations, 
tkow  (tf  th^  bloodvessels,  for  instance,  being  shorter  and  stouter  than  those 
of  ibr  ;  but  in  the  same  situation  the  fibres  may  also  be  found   in 

ncftt  rent  conditions.     In  the  one  case  the  fihres  are  long  and  thin, 

b  the  other  case  they  are  reduce<l  in  length,  it  may  be  to  one-half  or  even 
tsunchthird.  and  are  correspondingly  thicker,  broader,  and  less  pointed  at 
l^eods,  their  total  bulk  remaining  unaltered.  In  the  former  case  they  are 
nkxed  ur  elongated,  in  the  latter  case  they  are  contracted. 
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The  facts  of  the  contraction  of  plain  muscalar  tissue  m&y  be  studieil  in 
the  iDtestiQe,  the  muecutar  coat  of  which  coDsists  of  an  outer  thin  sheet 
composed  of  fibres  and  bundles  of  fibres  disposed  longitudinally,  and  of  an 
inner  much  thicker  sheet  of  fibres  disposed  circularly  ;  in  the  ureter  a  similar 
arrangement  of  two  coats  obtains. 

If  a  mechanical  or  electrical  (or,  indeed,  any  other)  stimulus  be  broaght 
to  bear  on  a  part  of  a  fresh,  living,  still  warm  intestine  (the  small  intestine 
is  the  best  to  work  with)  a  circular  contraction  is  seen  to  take  place  at  ihe 
spot  Btimulated  ;  the  inteatiue  seems  nipped  in  ringwise,  as  if  tied  round  with 
an  invisible  cord,  and  the  part  so  conetricted,  previously  vascular  and  reil, 
becomes  jvale  and  bloodless.  The  individual  fibres  of  the  circular  coat  in 
the  region  stimulated  have  each  become  shorter,  and  the  total  etfect  of  the 
shortening  of  the  multitude  of  fibres  all  having  the  same  circular  disposition 
is  to  constrict  or  narrow  the  lumen  or  tube  of  the  intestine.  The  longitudi- 
nally dispoHed  fibres  of  the  outer  longitudinal  coat  will  at  the  same  time 
Bimilarly  contract  or  shorten  in  a  longitudinal  direction,  but  this  coat  being 
relatively  much  thinner  than  the  circular  coat,  the  longitudinal  contraction 
is  altogether  overshadowed  by  the  circular  contraction.  A  similar  mode  of 
contraction  is  also  seen  when  the  ureter  is  similarly  stimulated. 

The  contraction  thus  induced  is  preceded  by  a  very  long  latent  (>eriod  and 
lasts  a  very  considerable  time,  in  fact,  several  seconds,  after  which  relaxa- 
tion slowly  takes  place.  We  may  say  then  that  over  the  circularly  dispersed 
fibres  of  the  intestine  (or  ureter)  at  the  spot  in  question  there  has  passed  a 
contraction -wave  remarkable  for  its  long  latent  period  and  ihr  the  slowness 
of  its  development,  the  wave  being  propagated  from  tibre  to  fibre.  From 
the  spot  so  directly  stimulated  the  contraction  may  pass  also  as  a  wave  (with 
a  length  of  1  cm.  and  a  velocity  of  from  20  to  30  millimetres  a  second  in 
the  ureter),  along  the  circular  coat  both  upwards  and  downwards.  The 
longitudinal  fibres  at  the  spot  Btimulated  are,  as  we  have  said,  also  thrown 
into  contractions  of  altiigethcr  similar  character,  and  a  wave  of  contraction 
may  thus  also  travel  longitudinally  along  the  longitudinal  coat  both  upwards 
and  downwards.  It  is  evident,  however,  that  the  wave  of  contraction,  of 
which  we  are  now  speaking,  is,  in  one  respect,  different  from  the  wave  of 
contraction  treated  of  iu  dealing  with  striated  muscle.  In  the  latter  case 
the  contraction-wave  is  a  simple  wave  propagated  along  the  individual  fibre, 
and  starting  from  the  end-plate  or,  in  the  case  of  direct  stimulation,  from 
the  part  of  the  fibre  first  aiJected  by  the  stimulus  ;  we  have  no  evidence  that 
the  contraction  of  one  fibre  can  communicate  contraction  to  neighboring 
fibres,  or,  indeed,  iu  any  way  influence  neighboring  fibres.  In  the  case  of 
the  intestine  or  ureter  the  wave  is  complex,  being  the  sum  of  the  contraction- 
waves  of  several  fibres  engaged  in  different  phases,  antl  is  propagated  from 
fibre  to  fibre,  both  in  the  direction  of  the  fibres,  as  when  the  whole  circum- 
ference of  the  intestine  is  engaged  in  the  contraction,  or  when  the  wave 
travels  longitudinally  along  the  longitudinal  coat,  and  also  in  a  direction  at 
right  angles  to  the  axes  of  the  fibres,  as  when  the  con  traction- wave  travels 
lengthways  along  the  circular  coat  of  the  intestiue,  or  when  it  passes  acroas 
a  breadth  of  the  longitudinal  coat;  that  is  to  say,  the  changes  leading  to 
contraction  are  communicated  not  only  iu  a  direct  manner  across  the  cement 
substance  uniting  the  fibres  of  a  bundle,  but  also  in  an  indirect  manner, 
probably  by  means  of  nerve  fibres  from  bundle  to  bundle  across  the  connective 
tissue  between  them.  Moreover,  it  is  obvious  that  even  the  contraction-wave 
which  passes  along  a  single  unstriated  fibre  difiers  from  that  passing  along  a 
striated  fibre,  in  the  very  great  length  both  of  its  latent  period  and  of  the 
duration  of  its  contraction.  Hence,  much  more  even  thau  iu  the  case  of  a 
striated  muscle,  the  whole  of  each  fibre  must  be  occupied  by  the  contraction- 
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Wire,  aod,  indeed,  be  in  Dearly  the  same  phase  of  the  contraction  at  the 

«me  time. 
Wavefl  of  contraction  thus  passing  along  the  circular  and  longitudinal 

ooftti  of  the  intestine  constitute  what  is  called  peristaltic  action. 

Like  the  contractions  of  striated  muscle  the  contractions  of  plain  muscles 
oar  be  started  by  stimulation  of  nerves  going  to  the  part,  the  nerves  sup- 
plyiog  plain  muscular  tissue,  running  for  the  most  part,  as  we  have  said,  in 
tht  to-called  sympathetic  system,  but  being,  as  we  shall  see,  ultimately  con- 
aaoted  with  tLe  spinal  cord  or  brain.  Here,  however,  we  come  upon  an 
iaportant  distinction  between  the  striated  skeletal  muscles,  and  the  plain 
asaoles  of  the  viscera.  As  a  general  rule,  the  skeletal  muscles  are  thrown 
into  ooDtraction  only  by  nervous  impulses  reaching  them  along  their  nerves ; 
•ponUUieoaB  movements  of  the  skeletal  muscles,  that  is,  contractions  arising 
otit  of  cfaaDees  in  the  muscles  themselves  are  extremely  rare,  and  when  they 
oocur  are  abnormal ;  so-called  '*  cramps  "  for  instance,  which  are  prolonged 
t«teoic  coniractioDS  of  skeletal  muscles  independent  of  the  will,  though  tlieir 
oeeorrence  is  lately  due  to  the  conditiou  of  the  muscle  itself,  generally  the 
mult  of  overwork,  are  probably  actually  started  by  nervous  impulses  reach- 
ifig  them  from  without.  On  the  other  hand,  the  plain  miiscleH  of  the  viscera, 
of  the  intestine,  uterus,  and  ureter,  for  instance,  and  of  the  bloodvessels  very 
frequently  tail  into  contractions  and  so  carry  out  movements  uf  the  organs 
to  which  ihey  belong  quite  independently  of  the  central  nervous  system. 
Hkcee  organs  exhibit '*  spontaneous '*  movements  quite  apart  from  the  will, 
quite  apart  from  the  central  nervous  system,  and  under  iavorable  circum- 
ftances  c«jutiuue  to  do  this  for  some  time  after  they  have  been  entirely  isolated 
and  reiDOved  from  the  body.  So  slight,  indeed,  is  the  c<jDuection  between 
Ibe  norements  of  organs  and  parts  Hupplied  with  plain  muscular  fibres  and 
the  will,  that  these  muscular  fibres  have  sometimes  been  called  involuntary 
Biuclee ;  but  this  name  is  undesirable,  since  some  muscles  consisting  entirely 
cif  plain  muscular  fibres  (e.  (7.,  the  ciliary  muscles  by  which  the  eye  is  accom* 
modated  for  viewing  objects  at  diH'erent  distances)  are  directly  under  the 
ioflaence  of  the  will,  and  some  muscles  composed  of  striated  fibres  («.  g,, 
thoM  of  the  heart)  are  wholly  removed  from  the  influence  of  the  will. 

We  shall  best  study,  however,  the  facts  relating  to  the  movements  of  parts 
pfwided  with  plain  muscular  fibres  when  we  come  to  consider  the  parts 
themselves. 

Like  the  skeletal  muscles,  whose  nervous  elements  have  been  rendered 
fiucUonally  incapable  (§78),  plain  muscles  are  much  more  sensitive  to  the 
BMlkiag  and  breaking  of  a  constant  current  than  to  iuduction-shocks;  a 
t,  when  very  brief,  like  that  of  an  induction-shock,  produces  little  or 


The  plain  muscles  seem  to  be  remarkably  susceptible  to  the  influences  of 
temperature.  When  exposed  to  low  temperatures  they  readily  lose  the  power 
of  ooDtractiog  ;  thus  the  movements  of  the  intestine  are  sai^  to  cease  at  a 
mnperature  below  19°  C.  Variations  in  temperature  have  also  very  marked 
cflfeet  on  the  duration  and  extent  of  the  contractions.  Associated  probably 
with  this  susceptibility  is  the  rapidity  with  which  plain  muscular  fibres,  even 
m  cold-blooded  vertebrates,  lose  their  irritability  ailer  removal  from  the 
body  and  severance  from  their  blood-supply.  Thus  while,  as  we  have  seen, 
the  skeletal  muscles  of  a  frog  can  be  experimented  upon  for  many  hours  (or 
for  two  or  three  days)  afler  removal  from  the  body,  and  the  skeletal 
I  of  a  mammal  for  a  much  lees  but  still  considerable  time,  it  is  a 
of  very  great  difficulty  to  secure  the  continuance  of  movements  of 
the  intestine  or  other  organs  supplied  with  plain  muscular  fibres,  even  in  the 
of  the  frog,  for  any  long  period  afier  removal  from  the  body. 
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The  coDtraction  of  plain  luuecutur  fibres  is*  as  we  said,  very  slow  iu  iu 
development  and  very  long  in  it^  duration,  even  when  started  by  a  momen- 
tary stimulus,  such  as  a  single  induction-shock.  The  cuntractton  after  a 
Eftimulaiion  oilen  lasts  so  long  as  to  raise  the queation,  whether  what  has  been 
produced  U  not  a  single  contraction  but  a  tetanus.  Tetanus,  however,  that 
M,  the  fuBiou  of  a  eeries  of  eoutmcLious,  seems  to  be  of  rare  occurrence, 
though  probably  it  may  be  induced  in  plain  muacular  tissue ;  but  the  ends 
of  tetanus  are  gained  by  a  kind  of  contraction  which,  rare  or  at  least  not 
lpn)minent  in  flkcletal  muscle^  becomes  of  great  importance  in  plain  muscular 
ptlMue  by  ii  kind  of  contraction  called  a  to7iic  contraction.  The  subject  ia 
l^ne  not  without  difBculties,  but  it  would  appear  that  a  plain  mui^ciilar  fibre 
may  remain  for  a  very  considerable  time  in  a  state  of  contraction,  the 
amount  of  shortening  thus  maintained  being  either  small  or  great ;  it  is  then 
■aid  to  be  in  a  state  of  tonic  contraction.  This  is  especially  seen  in  the  case 
of  (he  plain  muscular  tissue  of  the  arteries,  and  we  shall  have  to  return  to 
this  matter  in  dealing  with  the  circulation. 

The  muscular  tissue  which  enters  into  the  construction  of  the  heart  is  of 
a  peculiar  nature,  being  on  the  one  hand  striated  and  on  the  other  iu  some 
rapects  similar  to  plain  muscular  tissue,  but  this  we  shall  consider  in  dealing 
wiu  the  heart  itself. 

Oiliary  M&vement, 

198.  Nearly  all  the  movements  of  the  botly  which  arc  not  due  to  physical 
motm,  such  as  gravity,  the  diffusion  of  liquids,  etc.,  are  carried  out  by  mus- 
idet,  either  striated  or  jtlain  ;  but  some  smalt  and  important  effects  in  the 
••y  of  mfivement  are  produced  by  the  action  of  cilia,  and  by  those  changes 
'0f  prot/jplnsm  which  are  called  amti>boid. 

i  Cili*  Are  generally  appendages  of  epithelial  cells.  An  rpiihelium  cousists 
HA  namber  of  cells  arraugf^d  in  a  layer,  one,  two,  or  more  cells  deep,  the  cell 
'iKMlICi  of  the  constituent  cells  being  in  contact  with  each  other  or  united 
aiflftly  by  a  minima!  amount  of  cement  substance,  not  separated  by  an 
•Mrccwble  quantity  of  intercellular  material.  As  a  rule,  no  connective 
liMIM  or  bloodvessel  passes  between  the  cells,  but  the  layer  of  cells  rests  on 
ft  IbwffT  of  vucular  connective  tissue,  frotii  which  it  is  usually  separated  by  a 
IKHMf^  Of  l^i  definite  basement  membrane^  and  from  the  bloodvessels  of  which 
JlltfclU  draw  their  nourishment.  The  cells  vary  iu  form,  and  the  cell  body 
bnftd  thv  nurlriiH  may  l>e  protoplasmic  in  appearance  or  may  be  diti'erentl- 
ni«i  to  variouH  ways.  An  epithelium  bearing  cilia  is  called  a  ciliated 
miUiirlium,  Various  passages  f>f  the  body,  such  as,  in  the  mammal,  parts 
'frflh«niui«l  charubtTH  and  of  the  respiratory  and  generative  passages,  are 
iliii^/iwith  ciliated  i*pithi*lium,  uud  by  the  action  of  cilia  fluid  containing 
|rjuiou«  ifarticIeM  and  giMiorully  more  or  less  viscid  is  driven  outward  along 
liwr  \mma\i^y'n  toward  the  exterior  of  the  body. 

A  ty|ii''Al  I'piiht'lium  cell,  such  as  may  be  found  in  the  trachea,  is  gene- 
roll/ sociMwhat  wi'dge-slniped  with  its  broad  end  circular  or  rather  polygonal 
to  ^#ttJin«,  forming  part  of  thu  free  surface  of  the  epithelium,  and  with  its 
IMVrvir  M>d,  whirh  may  l>u  a  blunt  point  or  may  be  somewhat  branched  and 
MviwiW.  plunged  ntriong  Hinall  subjacent  cells  of  the  epithelium,  or  reaching 
l¥HW«Mt(lMW?live  (issue  below. 

ThmmW  \yAy  is,  f>vnr  the  greater  part  of  its  extent,  compoeed  of  proto- 
ttaMU  wiik  ibe  u«uaI  griuiulur  a|>pearance.     At  about  the  lower  third  of  the 
jull  if  ffao^l,  ulili   ttJi  long  axis  vertical,  an  oval  nucleus,  having  the  ordi- 
ifcnkrtmi  of  a  nucleus.     .So  far  the  ciliated  cell  resembles  an  ordinary 
mII  ;  but  the   ir^e  surface  of  the  cell  is  formed  by  a  layer  of 
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brallne  traospareDt  somewhat  refractive  substance  which,  when  the  cell  is 
■feu,  an  usual,  in  profile,  appears  as  a  hyaline  refruclive  band  or  border. 
Fmm  this  border  ihere  |)roject  outward  a  variable  nurnber,  10  to  30,  of  deli- 
(»le  tattering  hair-like  fitamects,  varying  in  length,  but  (reoerally  about  a 
■{uarter  or  a  third  as  long  as  the  cell  itself;  these  are  the  cilia.  Immediately 
hflnw  this  hyaline  border  the  cell  substAUce  often  exhibits  more  or  less  dis- 
tinctly a  longitudinal  striation,  fine  lines  passing  down  from  the  hyaline 
border  toward  the  lower  part  of  the  cell  substance  round  the  nucleus.  The 
hralioe  border  itself  usually  exhibits  a  striation  as  if  it  were  split  up  into 
blocks,  each  block  corresponding  to  one  of  the  cilia,  and  careful  examina- 
tion ImuIb  to  the  conclusion  that  the  hyaline  border  is  really  composed  of  the 
fuKd  thicker  basal  parts  of  the  cilia. 

The  cell  boily  has  uo  distinct  external  membrane  or  euvelo|>e,  and  its  sub- 
nance  b  in  clot^  contact  with  that  of  its  neighbors,  l>eing  united  to  them 
eilber  by  a  thin  layer  of  some  cement  substance,  or  by  the  simple  cohesion 
iif  their  respective  surfaces.  At  all  events  the  cells  do  cohere  largely 
together,  ana  it  is  ditHcult  to  obtain  an  isolated  living  cell,  though  the  cells 
may  l>e  easily  separated  from  each  other  when  dead  bv  the  help  of  dissociat- 
ing Huids.  When  a  cell  is  obtained  isolated  in  a  fiving  state,  it  is  very 
frequently  found  to  have  lost  its  wedge  shape  and  to  have  become  more  or 
Ifls  hemispherical  or  even  spherical ;  under  the  usual  conditions,  and  freed 
fmm  the  supf>ort  of  its  neighbors,  the  cell  body  changes  its  form. 

The  general  characters  just  describetl  are  common  to  all  ciliateil  epilhelium 
cell«,  but  the  cells  in  diHTerent  situations  vary  in  certAin  particulars,  such  as 
the  exact  form  of  the  cell  body,  the  number  and  length  of  the  cilia,  etc. 

§  94.  Ciliary  action,  in  the  form  in  which  it  is  most  common,  in  mammals 
iad,  indeed,  vertebrates,  consists  in  the  citium  (t.  e.,  the  tapering  filament 
en  of  above)  being  at  one  moment  straight  or  vertical,  at  the  next 
Woneot  being  bent  down  suddenly  into  a  hook  or  sickle  form,  and  then  more 
ibwlv  returning  to  the  straight  erect  position.  When  the  cilia  are  vigorous 
tbia  double  movement  is  repeated  with  very  great  rapidity,  so  rapidly  that 
(be  individual  movements  cannot  be  seen  ;  it  is  only  when,  by  reason  of 
latig^e,  the  action  becomes  slow  that  the  movement  itself  can  be  seen  :  what  is 
WHi  otherwise  is  simply  the  effect  of  the  movement.  The  movements  when 
ilow  have  been  counted  at  al)out  eight  (double  movemente)  in  a  second :  prob- 
tblv  when  vigorous  they  are  repeated  from  twelve  to  twenty  times  a  second. 

The  flexitm  takes  place  in  one  direction  only,  and  all  the  cilia  of  each 
ctW  and.  indeed,  of  all  the  cells  of  the  same  epithelium  move  in  the  same 
direction.  Moreover,  the  same  direction  is  maintained  during  the  whole  life 
t(  the  epithelium;  thus  the  cilia  of  the  epithelium  of  the  trachea  and  bron- 
chia] passages  move  during  the  whole  of  life  in  such  a  way  as  to  drive  the 
tfaid  lying  upon  them  upward  toward  the  mouth  ;  as  far  as  we  know,  in 
trrtebrales,  or  at  least  in  mammals,  the  direction  is  not  and  cannot  by  any 
be  reversed, 
iff  ilexion  is  very  rapid,  but  the  return  to  the  erect  position  is  much 
hence  the  total  effect  of  the  blow,  supposing  the  cilium  and  the  cell 
to  b«  fixeil.  is  to  drive  the  thin  layer  of  tluid  in  which  the  cilium  is  working, 
aad  which  always  exista  over  the  epithelium,  and  any  particles  which  may 
b»  floatintr  in  that  fluid  in  the  same  direction  as  that  in  which  the  blow  is 
giTeo.  If  the  cell  be  not  attached  but  tloating  free  the  effect  of  the  blow 
mmj  be  to  drive  the  cell  itself  backward  ;  and  when  perfectly  fresh  ciliated 
vpi&belium  is  teaseiJ  out  and  examtne<l  in  an  inert  fluid,  such  as  normal 
wlioe  solution,  isolated  cells  or  small  groups  of  cells  may  be  seen  rowing 
(hemtelrefl  about  as  it  were  by  the  action  of  their  cilia. 

All  the  cilia  of  a  celt  move,  as  we  have  just  said,  in  the  same  direction, 
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lull  lint  uiiitti  Ml  l\w  muiHt  liriic.  If  w*.^  enll  the  aide  of  the  cell  toward  which 
thi«  iHU  ImmkI  tho  fniiiL  of  tlio  (h*II  anil  tliu  oi>po8itc  aide  the  back,  the  cilia 
kI  lhtf>  linok  mtivo  k  trlfU*  bofuru  tliotw  at  the  frout,  so  that  the  moremeDt 
run*  ovur  tb»  celt  In  the  tlirectiim  of  the  innveiueut  itfietf.  Similarly,  taking 
Mliy  0111^  r»tl,  lhi«  i-illH  of  iho  i^fllti  Itfliind  it  move  slightly  before,  and  the 
ollln  (if  iho  t^vlU  it)  fruiii  of  it  nli^litly  al\4*r,  its  own  cilia  move.  Hence,  in 
ihiii  vrn)r,  iiloiiu  A  wliolti  Mtri'lch  of  t*pttht*liuin,  the  movement  or  bending  of 
ih«i  olliu  tiwt-<M>H  (ivrr  thi*  NiirfHoe  in  ripples  or  waves,  very  much  as,  when  the 
wind  hItiWN.  ttliitilnr  wavoh  of  Itfiiding  sweep  over  a  field  of  corn  or  tall  grUB. 
ily  (liU  arhiiiLCi^ttM^ni  llit^  eflioury  of  the  movement  la  secured,  and  a  steftdy 
alritniM  of  lluld  earrying  purticlea  xs  driven  over  the  surface  in  a  UDiform 
iiuniliiiird  diriMitlon  ;  if  tin*  rilia  of  separate  ch'IIs,  and  still  more  if  the 
«i!pHru|ii  ( iliu  id'oiich  (*idl,  niovi^d  independeutlv  of  the  others, all  thatvoold 
|*it  pnidiUMMJ  wmild  hv  n  M'rit'6  of  minute  "  wabble?,**  of  as  little  oselbr 
lii^  iho  tlidd  ihdiuiit'lv  onward  as  the  eltbrta  of  a  boat's  crew  all  ro 
(il  tlutit  iiri)  for  propelling  tlu'  biuit. 

hmfl   bending  and  KKiwcr  struighteuiue  is  the  form  of  ciliarr 
IfltMitrnlly  iiu^t  with  in  the  citiate<l  epithelium  of  roa: 
vmiobiutrs  ;  l)ul  anion);  the  invertebrates  we  find  other  kiads  of 
nniiU  lift  n  to  and  fiit  movement,  equally  rapid  in  both  direcdoaa^ «  coik- 
mi'Veniuiit,  H  aimplo  undulatory  movement,  and  many  ocheia.     Is 
thu  kind  of  iiioveiitent  Menia  adapted  to  secure  a  special  cwj 
ihu  mmiiiiinl  while  the  on^-etdea  blow  of  the  ciUa  of  the 
iifijuri.-ii  a  (low  of  tluid  over  the  epithelium,  the  tail  of  the 
i^lilidk  Ib  piaotii>allv  a  MU^le  cilium.  by  moving  t»«iMl-fio  la  as 
l^tthion  drivtw  (he  ^ead  ci'  the  wenaatoaooB  oavmrd  in  a 
a  lioHl  diiveii  by  a  ijugle  oar  womd  at  the  a 

Why  nud  o\»etly  how  iheeiUwof  the  epitheUal  eaOi 
»lraltihUMiii«lowly.alwaTs  actiagia  the  Me  djiectjoa,  la  m 
At  prHMinl  lo  fttitW  tvAr.    Sobm  have  thoi^t  that  the  he^ef 
uiiniraetlln,  or  i^oitains  (\4itnM>ti)e  nechaMan  pttlln 
lire  ihu*  tuuple  |vMMVtr  puppets  ia  the  haadb  of  the 
»«ti»t^eloTy  rvidf4K«  (i>€  soch  a  view.    Oto  the  vholethe 
of  the  vi^w  that  theaclM  iararrird  cat  by  the 
i»  M  I  ouir«e«km  i>i  the  ottvik  aad  that  tlfe 
t^la\iitU«  9i  a  wewUar  IWa.    Bat  croi  thca  the 
\\\v  tHiniiai>4k^  b— diaM  A* 
l>KplH1nt^t     W(^  hate  BO  pealftTe 
we  1  •    ^^J*  the  " 

tda^i  :-|KttitMft  whfedh 

tiiruiMbie«ii^s     I«  Ihc^tttadewto  eacafaaaliia ef 
\w\y\\  uiviMn.  aiKl  II  h 
HPll^m  la  au  «4k«  ef 

lit  ■!>.    s .  i< 

of  r  vDjteMK 

MUi ' 

a\>i'Oi>iut^  I  >  ikur  aff«^  ef  thi»  eeaaaaip« aaiL aa  k  aAn^  >■■■%. aaaBMiaK to 
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froff)  beoomee  iDJurious  ;  cold  retards.  Very  dilute  alkalies  are  favorable, 
fteias  arc  injurious.  An  excess  of  carbonic  acid  or  au  abaeuce  of  oxygen 
diminishes  or  arrests  the  movementa,  either  tenaporarily  or  permaneDtly, 
ftccording  to  the  length  of  the  exposure.  Chloroform  or  ether  Id  slight 
doMi  diminishes  or  suspends  the  action  temporarily,  in  excess  kllle  and  dis- 
or^oixes  the  cells. 

Amaboid  Movements, 

?96.  The  white  blood-corpuscles,  as  we  have  said  (§  28),  are  able  of 
tbemselvefi  to  change  their  form  and  by  repeated  changes  of  form  to  move 
(rom  place  to  place.  Such  movements  of  the  substance  of  the  corpusclef^  are 
caUcdfamcBboid,  since  they  closely  resemble  and  appear  to  be  ideDtical  in 
Ritare  with  the  movements  executed  by  the  amteba  and  similar  organisms. 
The  movement  of  the  eudoplasm  of  the  vegetable  cell  seems  also  tu  be  of  the 
nme  kind. 

Tic  amieba  changes  its  form  (and  shiAs  its  place)  by  throwing  out  pro- 
JKtioDS  of  its  subetauce.  called  f)eeudopodia  which  may  be  blunt  and  short, 
broad  bulgings  as  it  were,  or  may  be  so  long  and  thin  as  to  be  mere  filaments, 
or  may  be  of  an  intermediate  character  As  we  watch  the  outline  of  the 
lirallne  ectosarc  we  may  see  a  pseudopo<lium  beginning  by  a  slight  bulging 
•M  the  outline ;  the  bulging  increases  by  the  neighboring  portions  of  the 
wtoaarc  moving  into  it,  the  movement  under  the  microscope  reminding  one 
of  the  flowing  of  melted  glaas.  As  the  pseudopodium  grows  larger  and 
engages  the  whole  thickness  of  the  ectosarc  at  the  spot,  the  granules  of  the 
nidosarc  may  be  seen  streaming  into  it,  forming  a  core  of  endosarc  in  the 
middle  of  the  bulging  of  ectosarc.  The  pseudopodium  may  continue  to 
jrrow  larger  and  larger  at  the  expense  of  the  rest  uf  the  body,  and  eventually 
tbe  whole  of  the  ama>ba  including  the  nucleus  may,  as  it  were,  have 
ptaed  into  the  pseudopodium;  the  body  of  the  arouuba  will  now  occupy 
the  place  of  the  paeudopfKlium  instead  of  its  old  place ;  in  other  words,  it 
vill  in  changing  \t^  form  have  also  changed  its  place. 

During  all  these  movements,  and  during  all  similar  amcoboid  movements, 
(he  bulk  of  the  organism  will,  as  far  as  can  be  ascertained,  have  remained 
UDciianged  ;  the  throwing  out  a  jmeudopodium  in  one  direction  is  accompanied 
by  a  corresponding  retraction  of  the  body  in  other  directions.     If,  as  some- 
times happens,  the  organism  throws  out  paeudopodia  in  various  directions  at 
the  same  time,  the  main  body  from  whioh  the  pseudopodia  project  is  reduced 
ia  thiokness ;  from  being  a  spherical  lump,  for  instance,  it  becomes  a  branched 
&Im.     The  movement  is  brought  about  not  by  increase  or  decrease  of  sub- 
•taikce  but  by  mere  translocation  of  particles  ;  a  particle  which  atone  moment 
was  in  one  position  moves  into  a  new  position,  several  particles  thus  moving 
lowmrd  the  same  point  cause  a  bulging  at  that  point,  and  several  particles 
moving  away  from  the  same  point  cause  a  retraction  at  that  point ;  but  no 
I        twtt  particles  get  nearer  to  each  other  so  as  to  occupy  together  leas  space  and 
■^^ft  lead  to  condensation  of  substance,  or  get  further  from  each  other  so  as 
^^^^■tcupy  more  space  and  thus  lead  to  increase  of  bulk. 
^^^^K  this  respect,  in  that  there  is  no  change  of  hulk  but  only  a  shifling  of 
H^BBicles  in  their  relative  |>o8ition  to  each  other,  the  amoeboid  movement 
raemble^  a  muscular  contraction  ;  but  in  other  respects  the  two  kinds  of 
Borement  seem  different,  and  the  question  arises,  have  we  the  right  to  speak 
of  the  substance  which  can  only  execute  amceboid  movements  as  being  can* 

^B     We  may,  if  wo  admit  that  contractility  is  at  bottom  simply  the  power  of 
^^thiiUnglhe  relative  position  of  particles,  and  that  muscular  contraction  is  a 


■ 
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specialized  form  of  contraction.  In  a  plain  muscular  fibre  (which  we  ma^ 
take  as  simpler  than  the  Btriated  muscle)  the  Bhifling  of  particles  is  special- 
ized iu  the  sense  that  it  has  always  a  deBnite  relation  to  the  long  axis  of  the 
fibre  ;  when  the  fibre  contracts  a  certain  number  of  particles  assume  a  new 
position  by  moving  at  right  angles  to  the  long  axis  of  the  fibre,  and  the  fibre 
in  consequences  l>ecome8  shorter  and  broader.  In  a  white  blood-cnrpuscle^ 
amcDba,  or  other  organism  executing  araccboid  movements,  theahitliugof  the 
particles  is  not  limited  to  any  axis  of  the  body  of  the  organism  ;  at  the  same 
momeul  one  [larticle  or  one  set  of  particles  may  be  moving  iu  one  direction, 
and  another  particle  or  another  set  of  particles  in  another  direction.  A 
pseudopodium,  short  and  broad,  or  long,  thin  and  filnmentous,  maybe  thrust 
out  from  any  part  of  the  surface  of  the  body  and  iu  any  direction  ;  and  a 
previously  existing  peeudopodium  may  be  shortened,  or  be  wholly  drawn 
back  into  the  substance  of  the  body. 

In  the  plain  muscle  fibre  the  fact  that  the  shifting  is  specialized  in  relation 
to  the  long  axta  of  the  fibre,  necese»itates  that  in  a  contraction  the  shortening, 
due  to  the  particles  moving  at  right  angles  to  the  long  axis  of  the  fibre, 
should  be  followed  by  what  we  have  called  relaxation  due  to  the  panicles 
moving  back  to  take  up  a  position  in  the  long  axis  ;  and  we  have  several 
times  insisted  on  relaxation  being  an  essential  part  of  the  total  act  of  con- 
traction. If  no  such  movement  in  the  direction  of  relaxation  took  place, 
the  fibre  would  by  repeated  contractions  be  flattened  out  into  a  broad,  thin 
film  at  right  angles  to  its  original  long  axis,  and  would  thus  become  useless. 
A  spherical  white  hlood-corpuscle  nmy,by  repeated  contractions,  i.  e.,  amceboid 
movements,  transform  itself  into  such  a  broad  thin  film  ;  but  in  such  a  con- 
dition it  is  not  useless.  It  may  remain  in  that  condition  fur  some  time,  and 
by  further  contractions,  i.  e.,  araceboid  movements,  may  assume  other  shapes 
or  revert  to  the  spherical  form. 

So  long  as  we  narrow  our  idea  of  contractility  to  what  we  see  in  a  muscular 
fibre,  and  understand  by  contraction  a  movement  of  particles  iu  relation  to 
a  definite  axis,  necessarily  followed  by  a  reversal  of  the  movement  in  tlie 
form  of  relaxation,  we  shall  find  a  difficulty  in  speaking  of  the  substance  of 
the  amoeba  or  of  the  white  blood-corpuscle  ha  being  contractile.  If,  however, 
we  conceive  of  contractility  as  being  e^entially  the  power  of  shifting  the 
position  of  particles  in  any  direction,  with*»itt  change  of  bulk  (the  shilUng 
being  due  to  intrinsic  molecular  changes  aboul  wliich  we  know  little  save 
that  chemical  decompositions  are  concerned  in  the  matter),  we  may  speak  of 
the  substance  of  the  ama:ba  and  white  blitod-corpuscle  as  being  contractile, 
and  of  muscular  contraction  as  being  a  specialized  kind  of  contraction. 

The  protoplasm  of  the  ama*ba  or  of  a  white  corpuscle  is,  as  we  have  said, 
of  a  consistency  which  we  for  want  of  better  terms  call  semi-solid  or  semi- 
fluid. Consequently  when  no  internal  changes  are.  prompting  its  particles  to 
move  in  thiii  or  that  direction,  the  intliiences  of  the  surroundings  will  tend  t*j 

five  the  bwiy,  as  they  will  other  fluid  or  semi-fluid  drops,  a  spherical  form. 
[ence  the  natural  form  of  the  white  corpuscle  is  more  or  less  :»pherical.  If, 
under  the  influence  of  .some  stimulus,  internal  or  external,  some  of  the 
particles  are  stirred  to  shift  their  place,  amoeboid  movements  follow,  and  the 
spherical  form  is  lost.  If,  however,  all  the  particles  were  stirred  to  move 
with  equal  energy,  they  would  neutralize  each  other's  action,  no  protrusion 
or  retraction  would  take  place  at  any  point  of  the  surface,  and  the  body- 
would  remain  a  sphere.  Hence  in  extreme  stimulation,  in  what  in  the 
muscle  corresponds  to  complete  tetanus,  the  form  of  the  body  is  the  same  as 
iu  rest;  and  the  tetanized  sphere  would  not  be  appreciably  smaller  than  the 
sphere  at  rest,  for  that  would  imply  change  of  bulk,  but  this  as  we  have  seen 
does  not  take  place.  This  result  shows  strikingly  the  diflerence  between  the 
general  conlractilityof  the  amoeba,  and  the  special  contractility  of  the  muscle. 
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Oy  THE  MORE  GENERAL  FEATURES  OF  NERVOUS  TISSUES. 


$96.  ly  the  prec€<liiig  chapter  we  have  dealt  with  the  properties  of  nerves 
to  muscles,  the  nerves  which  we  called  motor,  and  have  iucideutally 
of  other  nerves  which  we  called  isemfory.  Both  these  kinds  of  nerves 
ire  connected  with  the  brain  and  spinal  cord,  and  form  part  of  the  general 
oerTous  system.  We  shall  have  to  study  hereafter  in  detail  the  brain  and 
ipiial  cord  ;  but  the  nervous  system  intervenes  so  repeatedly  in  the  procefises 

»amcd  out  by  other  tissues  that  it  will  be  desirable,  before  proceeding 
ibniier.  to  discuss  some  of  its  mure  general  features. 
The  nervous  system  consists  (1)  of  the  brain  and  spinal  cord  [Fig.  44]  form- 
ng  together  the  cerebrospinal  axis  or  central  nerroiw  system,  (2)  of  the  nerves 
puHog  from  that  axis  to  nearly  all  parts  of  the  body,  those  which  are 
ooftnecte<l  with  the  spinal  cord  being  called  spinal  and  those  which  are  con- 
BMted  with  the  brain,  within  the  cranium*  being  called  cranial^  and  (3)  of 
pmglia  distributed  along  the  nerves  in  various  parts  of  the  body. 

The  spinal  cord  obviously  consists  of  a  number  of  segments  or  metameres, 
folluwing  in  succession  along  its  axis,  each  metamere  giving  off  on  each  side 
I  pair  ot  spinal  nerves;  and  a  similar  division  into  metameres  may  be  traced 
in  the  brain,  though  less  distinctly,  since  the  cranial  nerves  are  arranged  in 
Bitnoer  somewhat  different  from  that  of  the  spinal  nerves.  We  may  take  a 
ttogle  spinal  metamere,  represented  diagrammatically  in  Fig.  45,  as  illus- 
CntiDg  the  general  features  of  the  nervous  system  ;  and  since  the  half  on 
on*  side  of  the  median  line  resembles  the  half  on  the  other  side  we  may  deal 
iritb  one  lateral  half  only. 

Each  spinal  nerve  arises  by  two  roots.     The  metamere  of  the  central  ner- 

fov  system  C  consists,  as  we  shall  hereafter  see,  of  gray  matter  Qr  in  the 

|^_  iatorior  and  white  matter   W  on   the  outside.      From    the   anterior   part 

^■vf  gny  matter  is  given  off  the  anterior  nerve  root  A  and  from  the  posterior 

^H|vtthe  pceterior  nerve  root  P.    The  latter  passes  into  a  swelling  or  gau- 

^P^liao  C7,  '*  the  ganglion  of  the  posterior  root,''  or  more  shortly  "  the  spinal 

^^  pa^iou  ";  the  anterior  root  does  not  pass  into  this  ganglion.     Beyond  the 

BBflioii  ibe  roots  join  to  form  the  nerve  trunk  N.      We  shall   later  on  give 

tteerideace  that  the  nerve  fibres  composing  the  posterior  root  Pare,  as  far 

KWeknow  at  present,  exclusively  occupied  iu  carrying  nervous  impulses 

IfoBa  the  tissues  of  the  body  to  the  central  nervous  system,  and  that  the  fibres 

CMDpoeing  the  anterior  root  A  are  similarly  occupied  in  carrying  impulses 

fiWD  the  central  nervous  system  to  the  several  tissues :  that  is  to  say,  the 

ftnner  ia  made  up  of  sensory  fibres,  or  'since  the  impulses  passing  along 

ibtin  to  tiie  central  system  may  give  rise  to  effects  other  than  sensatiuos) 

^tttfit  fibres,  while  the  latter  is  made  up  of  motor,  or  (since  the  impulses 

fiMiiK  along  them  from  the  central  nervous  system  may  prrKluoe  effecta 

qUmt  Uian  movements),  efferent  fibres.     The  nerve  trunk  N  is  consequently 

^nixed  nerve  composed  of  afferent  and  efferent  fibres. 

Rt  far  the  greater  part  of  this  mixed  nerve,  dividing  into  various  branches, 

ii  (iiftributed  l^')  to  the  skin  and  the  skeletal  muscles,  some  of  the  fibres 

(aiotor)  ending  in  muscular  fibres  (3/), others  (sensory)  ending  in  epithelial 

(5)  connected  with  the  skin,  which  we  shall  consider  hereafler  under 
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[Fio.  W.] 


Fio.  43w 


[Fta.  M— Undrk  SnarACB  or  Babk  or  the  Cksebrdm  akh  CKXEBELum,  ajto  or  the  Poxs 

VaBOUI  AKD  MfiDl'LLA  OllU]NaATA,  ALSO  TBI  AMBBIOK  SCBrACG  or  THE  SPINAL  ConD.  TO  SBOV 

Ttti  Mode  op  Origin  or  the  Spinal  Nerves  pkqm  the  Spwal  Curd  and  the  Chanial  Nkktex 
rBOMlTBB  Base  or  the  Hhain.  ci,  a,  cerebral  hcmiflphores ;  t>,  right  balf  of  cerebeUum ;  m.  medall* 
oblongata ;  abore  this  ia  n  tratisrenc  wbhc  man,  the  ponit  Varolii ;  c,  <f,  tho  spinal  cord,  xbowinc  Its 
cervical  and  lumbAr  uularxemeut*,  and  Ita  poiuUid  tennliialions  ;  i,  tbe  cmuda  equina,  funued  by  tbe 
elongated  rrxttoof  tliu  lumbar  and  sacral  nerves  ;  1  lr)9,  thu  wvem)  cranial  server,  arising  from  tbe 
bue  of  tbe  bniin  mid  Uie  Rides  of  the  medulla  ublungnia.  BeloM'  tbwo,  on  eacb  Bide,  are  tbe 
or  otlglui  uf  the  »pjui.l  iic-r^'ef,  cervical,  doreiil,  luiabar,  and  eaicml.  In  suuie  uf  tbese  ibe  d( 
root  can  be  «con,  nnd  the  nnreltlng  or  ganglion  cm  the  pcMtorior  root  a.  x,  the  axillary  or  bre< 
plejEUfi,  furmed  bjr  \\\q  four  lovrer  cervical  and  tint  dursat  spinal  nerves;  f.  ihelnmbar  plexus ;  <,  the 
sacral  plexus,  formed  bjr  tbe  last  lumbar  nerve  and  tint  four  sacml  Dotves  ;  f,  ihows  a  piece  of  tbe 
slteath  of  tbe  oord  cut  open,  and  with  U  a  portion  of  tbe  Ugamcntum  dentlonlatam  which  supporu 
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ke  of  •ensory  epithelial  cells,  while  others,  -V,  after  dividiug  inti>  minute 
Imuicbci  and  forming  plexusej^  end,  in  ways  not  yet  definitely  determined, 
in  tisuQi  aaaociated  with  Uie  skin  and  iskeletal  mu6cle».  Morphulogtsta  dis- 
tingnish  the  parts  which  go  to  form  the  skin,  skeletal  muscles,  etc.  as  aomatic, 
from  the  tpkinchnir  part^  which  go  to  form  the  viscera.  We  may,  accord- 
ingly, c&ll  this  main  part  of  the  spinal  nerve  the  somatic  division  of  the 


Soon  after  the  mixed  nerve  N  leaves  the  spinal  caoai,  it  gives  off  a  small 
branch  V,  which  under  the  name  of  (whit*)  ramus  coininnnicntis,  jomB  one 
of  a  loDgitudiual  series  of  gaiujlia  (£)  couspicuous  in  the  thorax  as  the  main 
0jfmpatheiie  chain.  This  branch  is  destined  to  supply  the  viscera,  and  might, 
nenfore,  be  called  the  /ffUatichnic  division  of  the  spinal  nerve.  We  may  say 
At  ODcc.  without  entering  into  details,  that  the  whole  of  the  sympathetic 
lyKem,  iritii  its  ganglia  plexuses,  and  nerves,  is  to  be  regarded  as  a  develop- 
wnt  or  ezpauaion  of  the  visceral  or  splanchnic  divisiouH  of  certain  spinal 
By  means  of  this  system  splanchnic  fibres  from  the  central  nervous 
are  distributeil  to  the  tissues  of  the  viscera,  some  of  them  ou  their 
vaj  pasBiog  through  secondary  ganglia  o,  and,  it  may  be,  tertiary  ganglia. 
There  an,  however,  as  we  shall  see,  certain  nerves  or  fibres  which  do  not  run 
i&  the  sympathetic  system,  and  yel  are  distributed  to  the  viscera  and  are 
**BplaDohiiic  "  in  nature.  We  cannot,  therefore,  use  the  word  sympathetic 
to  denote  all  the  fibres  which  are  splanchnic  in  nature.  Ou  the  other  hand, 
the  ''aplanchnic  nerves  "  of  the  anatomist  form  a  part  only  of  the  splanchnic 
i^Mtfu  in  the  above  sense,  the  term  thus  used  is  limited  to  parlicular  nerves 
«if  the  splanchnic  system  distributed  to  the  abdouieu  ;  and  the  double  use  of 
Uw  term  splanchnic  might  lead  to  confusion.  The  difficulty,  may,  |)erhap8, 
ht  avoided  by  calling  the  splanchnic  nerves  of  the  anatomist  "  abdominal 
ipianchnic.  The  majority  of  these  splanchnic  fibres  seem  to  be  efferent  in 
tuuure,  carr}*ing  iraptilses  from  the  central  nervous  system  to  the  tissues, 
Mne ending  in  plain  muscular  fibres (/») others  in  other  ways  (.r)  ;  but  some 
of  the  fibres  are  aSereut  and  convey  impulses  from  the  viscera  to  the  central 
aenrooa  system,  and  it  is  probable  that  some  of  these  begin  or  end  in  epithe- 
lial cells  of  the  viscera  {ti). 

We  shall  have  occasion  in  the  next  chapter  to  speak  of  nerves  which 
fBWn  the  bloodveasels  of  the  body,  the  so-called  xxuomoior  nerves.  A  cer- 
tiiD  dasB  of  these,  namely,  the  voAO'Constrictor  nerves  or  fibres  are  branches 
of  the  splanchnic  divisions  of  the  cerebro-spinal  nerves,  and,  i\4  we  shall  see, 
tlw  vaso-coustrictor  nerves  of  the  skeletal  muscles,  skin,  and  other  parts  sup- 
plied by  somatic  nerves,  after  running  for  some  distance  in  the  splanchnic 
•ti?ilion  i  r  >,  turn  aside  (r.  v  and  r.  m)  an<l  join  the  s(miatic  division,  the 
fibres  of  which  they  accompany  on  their  way  t-o  the  tissues  whose  bloodveasels 
.(«'}  they  supply. 

tiuDOvh  tba  cmd,  to  show  the  rormof  thegny  coniaa  or  honui,  tn 
Bt  thorn  the  <ame  partx.  and  nlan  tbo  membrnD<?  of  tbc  cord  ;  iind 
of  a  pair  of  spinal  nerves  xprln^ng  rrom  lU  aides.] 
ffc*.— i^  iL  Nkhvcs  up  X  Segment  or  thk  Swnal  Cord.    Or  gray,  IF  white  matter 

tfiltealorirl  .-r,  Pp«t«?rtor  root    /;  ganglinn  on  tlic  iKAtAilor  root    iV  whole  ncrre.  N' 

mtml  mrv9  proper,  cndloa  in  M  aktileul  or  wroaUc  inuMla.  8  aomaUc  mdmht  cell  or  larflice,  Xln 
*<h«r  vaya  V  Tlicvml  tiervv  i  wliit«  miniM  couununicatu)  jaaitug  iu  «  gaoffUnn  of  the  nymiuitbeUc 
MHin  V  and  paarinc  f^n  as  V*  t<>  rtpply  the  more  dlatant  ganglion  o,  then  aa  V"  Ut  the  peripheral 
paSUfm  If*  and  eadfDg  In  m  Nplanohnln  miierle,  t  sfilancbnlc  scnfOTr  cell  or  surface,  x  other  piwidhle 
'etMllnfa  Proixi  £  bglTen  off  the  rovehenl  nerve  r.  r  vgrmj  ramnscomniunlciiiui  wlilcli 
back  ward  toward  the  ■plnalmrd.  ami  partly  ninniu  v.  m.ln  oonncctlun  with  Lho9ptii«l 
.  Wioppl7  Tacomotor  (oonslrlotori  fibres  to  ibv  muHCle*  iih*)  ortilotiUve«wlslucortain  i«rL«,  for 
bi  Cb*  Umlm  S^,  tite  fymi«lhctic  chain  unlttii^  the  ganglia  of  the  •er)e<i  £.  The  terml- 
!  if  the  other  ucrvca  arising  from  Z,  <t,  if  are  not  ihown. 
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We  have  seen  C$  08)  that  a  nerve  >roing  to  a  muscle  i«  coinpoeeil  of  nerve- 
fibres,  chiefly  medullated,  some,  however,  being  non-mediillatod,  l>oiiml 
together  by  conntetive  tissue.  The  same  description  holds  g«K>d  fur  the 
wliole  somatic  division  of  each  of  the  -spinal  nerves.  The  splaucniiic  division 
al«o  consists  uf  medullated  and  non-niediillated  fibres  hound  together  by  con- 
nective tiesuc,  but  in  it  the  non-niediillaled  Hbres  preponderate, some  branches 
appearing  to  ct^ntnin  hardly  any  medullated  fibres  at  all.  The  non-niedul- 
lated  fibres  which  are  found  in  the  somatic  division  appear  to  be  tibrec  which 
have  joined  that  division  from  the  splanchnic  division.  Sii  j>r<mdnent  are 
non-medullate<l  fibres  in  splanchnic  nerves  and  hence  in  the  sympathetic 
system  that  they  arc  sometimes  called  sympathetic  tibrea. 

We  have  said  that  the  nxis-cylinder,  whether  of  a  medullated  or  dod- 
medullated  fibre,  is  to  be  considered  as  a  long  drawn-out  process  of  a  nerve 
cell.  Nerve  cells  are  found  in  three  main  situations.  1.  In  the  central  ner- 
vous system,  the  brain,  and  spinal  cord.  2.  In  the  several  ganglia  placed 
along  the  course  of  the  nerves,  both  the  spinal  ganglia,  and  the  ganglia  of 
the  splanchnic  or  sympathetic  svsiem.  3.  At  the  tenninulions  of  nerves  in 
certain  tissues.  S<3me  of  these  lalt4?r  are  to  be  regarded  as  small,  more  or 
less  terminal,  gsnglia,  and  similar  minute  ganglia  consisting  of  two  or  three 
cells  only  are  found  fretpientty  niong  the  ooune  of  splanchnic  nerves  uid 
occiiBioDally  along  the  course  of  spinal  nerves;  such  cells  realty,  therefon, 
belong  to  the  second  group.  But  besides  this,  in  certAiu  situatiuns.  as  for 
instance  in  certain  organs  of  the  ekin,  and  in  the  organs  of  ft{>ecial  sense, 
nerves,  generally  afferent  or  sensory  in  nature,  either  actually  end  in,  or  ai 
their  termination  are  connected  with,  cells  which  appear  to  be  of  a  nervoua 
nature;  such  cells  form  a  distinct  category  by  themselves. 

Hence  along  its  whole  course  a  nerve  consists  exclusively  of  nerve  HbfM 
(and  the  connective  tissue  supporting  them),  except  in  the  central  nervous 
system  from  which  it  springs  in  the  ganglia,  great  and  small,  through  which 
it  pastes,  or  which  are  attached  to  it  at  one  part  or  another  of  tU  course,  in 
both  of  which  situations  nerve  cells  are  found,  and  at  its  termination  where 
its  fibres  may  end  in  nerve  cells. 

{Flo.  M. 


Kaciui.  XuiWi  or  rui:  lino,  a*  Sech  ryiM-B  a  Ixtw  Mionirriitu  Totrt-JL, 
«•  MTT*  rout  vntKTlDfi  Ui*g«nKU<<n  ;  ^,  ftlm**  Irarlim  Uiv  piOKl^uD  bi)olri  Uie  niliod  tplnal: 
t,  Qftfliwetfi t  ffliK  oosl  nf  Um'  KHfi|fll'<ti  .  -i   [•rtnrjpa)  grmip  tff  Dffrvff  cvUh,  wlUi  fibns  |«trinf  i 
fton  MMiCiftt  ttMi  ciJti.  r'i^'t>ttl)l\   i(j  Q[ilt>r  xh«  IntitfUudUiallx  (Sfunlnu  Ilc^v(^  flbm  by  T' 
jnnoUoD*.] 

The  feaiiires  of  thaw  nerve  i-ells  diffpr  in  these  several  situations.     The 
characters  of  th*  tt'rminal  <^JU  which,  ait  we  have  said,  arc  rhiofly  seniHji 
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fitracture  itf  tho  hrain  and  apinnl  conl.  we  shall  study  in  detail  later 
Te  mav  here  confine  (►ur  attention  to  the  nerve  cells  of  the  ganglia 
d  to  sionie  of  the  broad  leatures  of  the  nerve  eella  of  the  Hpinal  cord. 
^97.  Spintti  (/ufty/m.  When  a  longitudinal  section  of  a  spinal  ganglion 
ined  under  a  low  power,  the  fibres  of  the  [jo^lerior  root  as  ihey  enter 
ghon  are  nl^^jtrwd  to  spread  out  and  pass  between  relatively  large 
picuously  nucleated  cells,  whioh  tire  to  a  large  extent  arranged  In 
,  «fjiuewhat  after  the  fashion  of  a  bunch  of  gra|>e8.  [Fig.  4t>.j  These 
ib»i  nerve  cellg ;  they  have  rre*|uenlly  a  diameter  of  nb'^ut  KK)//.  but  may 
4iiJ  larger  or  may  be  much  anialler.  In  a  lnuibvei>e  section  it  will  be 
1  that  a  large  compact  mnas  of  these  cells  Vies  on  the  outer  side  of 
gUDglitm,  uud  that  the  racemoue  gp>ur«  on  the  inner  side  are  smaller.  A 
qoAolity  of  connective  tisane  carrying  blootlvcssels  and  lymphatici*  rune  l>e- 
'  tween  the  groups,  and  paaaing  into  each  group  runs  between  the  celli*  and 
librw;  and  a  thick  wrapping  of  connective  tissue  continuous  with  the  sheath 
I  of  the  nerves  iiurroundit  and  forma  a  nhealh  for  the  whole  ganglion. 
^^  Each  of  the  nerve  cells — ganglionic  cells,  aa  they  are  called — examined 
^^toder  a  higher  power,  either  after  having  been  isolated  or  in  an  adequately 
^Bin  «nd  prepared  i^ection,  will  present  t!)0  following  features: 
H|  The  cell  consists  of  a  cetf  body  which  'v^,  nurniallv,  pear-shaped  [Fig.  47], 
^fcnring  a  broad  end  in  which  is  placeii  ihe  nucleus,  and  a  narrow  end  which 
thina  oiit  into  a  utalk,  and  is  eventually  con- 
tiBDed  on  as  a  nerve  fibre.  The  eubslance  of 
die  cell  body  is  of  the  kind  which  we  call 
fftel^r  granular  protoplasm  :  sometimes  there 
■  an  apftearance  of  fibrillation,  the  fibrilhe 
pimoe  in  various  direotloDs  in  the  body  of 
the  cell  and  being  gathere<l  together  in  a 
ka^Hudinal  direction  in  the  stalk.  Some- 
tiaw  the  cell  IkkIv  immediately  around  the 
nucleus  appears  uf  n  ditferent  grain  from  that 
fietrvr  the  stalk,  and  not  unfreijueutly  near 
ktkr  nucleus  is  an  aggregation  of  discrete  pig- 
[ikfot  gnLQules  imbedded  in  the  protoplasm. 
The  nuciftig,  like  the  nuclei  of  nearly  all 
frrc  cells,  ia  large  and  conspicuous,  and  when 
normal  condition  is  remarkably  clear  and 
Ive,  though  it  apfiears  to  consist  like 
nuclei  of  a  nuclear  membrane  and  uet- 
and  nuclear  interetitiul  material.  Even 
ciiuflpicuouSt  perhaps,  is  a  very  large 
kl,  highly  reiractive  nucieoitu;  occasionally  more  than  one  nucleolus 
pruuit. 

oOTTifunding  the  cell  body  is  a  dij^tinct  Ah^ith  or  cap&ule  consisting  of  a 

bmpBreDi.  hyaline,  or  faintly  tibrillaied  membrane,  lined  on  the  inside  by 

layer  or  by  two  layers  of  flat,  polygonal,  nucleated  epithelioid  cells  or 

that  is  to  say.  cells  which  resemble  epithelium  cells,  but  differ  not 

ily  tu  being  extremely  flattened,  but  also  in  the  cell  body  being  transformed 

ordinary  granular  protoplasm  into  a  more  transparent  differentiated 

iCcrtal.     In  staiiie<l  e]>ecimeus  the  nuclei  of  these  plates  are  very  couspicu- 

Under  normal  conditions  this  sheath  is  in  close  contact  with  the  whole 

of  the  cell,  but  in  hardened  and  prepared  8i>ecimens  the  cell  b<xiy  is 

im«t  seen  shrunk  awav  from  the  sheath,  leaving  a  space  between  them. 

maliy  the  cell  bwiy  while  remaining  attached  to  the  sheath  at  three  or 

fror  more  points  is  retnicted  elt^ewhere,  and  accordingly  aflsumes  a  more 


STni'cn  iiK  OK  A  PranvHM  OakolI' 
msic  Xutyc  Cell. 
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or  legs  stellate  form ;  but  this  artificial  condition  muBt  not  be  confounded 
with  iho  natural  branched  form  wliieh,  ixs  we  rshall  ^ee,  other  kinds  of  nerve 
celltj  po68es8. 

When  a  Beclion  is  made  through  a  hardeued  ^uglion,  the  plane  of  the 
section  passes  through  the  stalks  of  few  only  of  the  celU,  and  that  rarely  for 
any  great  distance  along  the  8la1k,  since  in  the  ea^  of  niuuy  of  iht*  (%lls  the 
stalk  is  more  or  less  curved  and  consequently  runs  oui  of  the  pluue  of  sec- 
tion ;  but  in  properly  isolated  cells  we  can  see  that  in  niuuy  ciises,  and  we 
have  reason.^  to  believe  that  in  atl  cafle*,  the  sUdk  uf  the  tvll  is,  as  we  have 
said,  continued  on  into  a  nerve  fibre.  As  the  cell  body  narrows  into  the 
sUilk  several  nuclei  make  their  appearance,  lodged  un  it ;  these  are  small 
granular  nuclei,  wholly  unlike  the  nucleus  of  the  cell  bcKly  itself,  and  more 
like,  though  not  (luite  like,  the  nuclei  of  the  neurilemma  of  a  nerve.  They 
are  probably  of  tlie  same  nature  as  the  latter;  and,  indeed,  as  we  trace  the 
narrowing  stalk  downward  a  fine  delicate  sheath,  which,  if  present,  is  at 
least  not  obvious  over  the  cell  body,  makes  its  appearance,  and  a  little  further 
on,  between  this  sheath,  which  is  now  clnarly  a  iieiirileinniii,  and  the  stalk  of 
the  cell  body,  which  has  by  tliis  time  Iiocome  a  cylinder  of  uniform  width 
and  is  now  obviously  an  axis-cylinder,  a  layer  of  me<JuIla,  very  fine  at  first, 
but  rapidly  thickening,  is  established.  The  Htalk  i>f  the  nerve  cell  thus 
becomes  an  ordinary  medullated  nerve  fibre.  The  sheath  of  the  ceil  is  con- 
tinued ali^o  on  to  the  nerve  fibre,  not  ua  was  once  l bought  as  the  ueurilemmB, 
but  as  that  special  shealh  of  connective  tissue  of  which  we  have  already 
spoken  (>i€9)  as  Heiile's  ciheath,  aud  which  ultimately  becomes  fused  with 
the  connective  tissue  of  the  nerve. 

At  some  variable  distance  from  the  cell  the  nerve  fibre  bears  the  first 
node,  and  cither  at  this  or  some  early  succeeding  node  the  fibre  divides  into 
two;  as  we  have  seen,  division  of  a  medulluted  nerve  fibre  always  takes 
place  at  a  node.  The  two  divisions  thus  arising  run  in  opposite  directions, 
forming  irv  ibis  way  a  T-piece ;  and  while  one  division  runs  in  one  direction 
toward  the  posterior  root,  the  other  runs  in  an  opposite  direction  towanl  the 
nerve  trnnk.  The  nerve  cell  is  thus,  m  it  wt-re.  a  side  piece  attache<i  to  a 
fibre  passing  through  the  ganglion  on  its  way  from  the  posterior  root  to  the 
nerve  trunk.  It  cannot  lie  t^id  that  in  any  one  ganglion  this  couuectiou  has 
been  traced  in  the  case  of  every  nerve  cell  of  the  ganglion  ;  but  the  more 
care  is  taken,  and  the  more  successful  the  preparation,  the  greater  is  the 
number  of  cells  which  may  be  isolated  with  their  res|>ective  T-pieces;  so 
that  we  may  conclude  thiit,  normally,  every  cell  of  a  ganglion  id  connected 
on  the  one  hand  with  a  libre  of  the  posterior  root,  and  on  the  other  hand 
with  a  fibre  of  the  nerve  trunk.  We  have  reasons  further  to  believe  that 
every  fibre  of  the  posterior  root  iu  fjassing  through  the  ganglion  on  its  way  to 
the  mixed  nerve  trunk  is  thus  connected  with  a  nerve  cell ;  hut  this  has  been 
called  in  question.  In  certain  animals — for  instance,  certain  fishes — the  cells 
of  the  spinal  gauglta  are  not  pear-shaped,  but  oval  or  fusitbrm,  and  each 
narrow  end  is  prolonged  into  a  nerve  fibre,  one  end  thus  being  connected 
with  the  posterior  root  and  the  other  with  the  nerve  trunk.  In  such  a  case 
the  nerve  cell  is  simply  a  4h'rect  enlargement  of  the  axis-cylinder,  with  a 
nucleus  placed  in  the  enlargement.  The  nerve  cells  above  described  are 
similar  enlargements,  also  bearing  nuclei,  placed  not  directly  in  the  course 
of  the  axis-cylinder,  but  on  one  side,  and  connected  with  the  axis-cylinder 
by  the  cross-piece  of  the  T-piece.  Hence  the  ordinary  ganglion  cell  is 
spoken  of  as  being  unipolar,  those  of  fishes  being  called  bipoiar.     [Fig.  48.] 

In  examining  spinal  ganglia  cells  are  .sometimes  found  which  bear  no  trace 
of  any  process  connecting  them  with  a  nerve  fibre.  Such  cells  are  isfxiken 
of  as  apolat't     It  is  possible  that  such  a  cell  may  be  a  young  cell  which  has 
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snt  rci  devfJoped  it«  nerve  proceaa,  or  an  old  cell  which  has  by  degeneration 
luM  ica  uerre  process. 

LFlo.48. 


C  U  It 

VAU018  Tonus  or  Ga.vguoxic  VlSICtK. 

«•  i;  hut^  •t«lla(«  evil*,  with  tbeir  protoDgatioiu,  from  Ui«  nuterior  bora  of  the  gny  matter  of  the 

wd ;  c.  n«rr«ceH  with  Ita  connected  flbrv,  from  the  atiastoraoaifi  of  the  GMlal  and  auditory* 

In  ibe  i»aitu<»  ftu01torlti<i  Inti'mim  of  tbe  ox  ;  a.  celt  wall ;  b,  cell  oontenta ;  c.  pigments ;  tt, 

:  f,  prolongmtlon  fDimiDK  thi;  sbinith  of  the  fibre :  /,  nerve  fibre ;  n,  neirc  cell  from  the 

fermglneft  of  ouui ;  e.  cmjincr  cell  ttom  the  sjilnal  oord ;  mftgniflcd  A50  dlamet«re.] 

{98.  The  ganglia  of  the  splanchnic  aynt^m,  like  the  spinal  ganglia,  coneist 
tfaerve  cells  and  tibrett  imbedded  in  connective  tissue,  which,  however,  is 
offt  IcMitter  and  leas  compact  nature  in  them  than  in  the  spinal  ganglia.  As 
&rtt  Uie  characters  of  their  nuclei,  the  nature  of  their  cell  eubstance,  and 
tii6  pfwrnston  of  a  sheath  are  concerned,  what  has  been  said  concerning  the 
MTTc  oella  of  Rpinal  ganglia  hoMs,  in  general,  good  for  those  of  !>plauchnic 
pa^vki  and.  indee<l,  in  certain  ganglia  of  the  splanchnic  system  connected 
iWi  the  cranial  nerves  the  nerve  cells  appear  to  be  wholly  like  thf»se  of 
ifiiaal  eanglia.  In  most  splanchnic  gunglia.  however,  in  thoee  which  are 
pBenliy  called  gymjtuihHic  ganglia,  two  inipor- 
Bnt  differences  may  be  ol>served  between  what 
»t  mar  rail  the  characteristic  nerve  cell  of  the 
ipUocnnic  ganglion  and  the  cell  of  the  spinal 
puiglioD. 

In  the  Hrst  place^  while  the  nerve  cell  of  the 
fpinal  ganglia  has  one  proce«  only,  the  nerve 
cell  of  the  splanchnic  ganglia  may  have,  and 
fte^oeotly  baa.  two.  three,  or  even  four  or  five 
priajcaBCB ;  it  is  a  multipolar  cell.     [Fig.  40.] 

In  ibe  second  place,  while  these  pn>cefi8es  of 
^^^  ■plaiichnic  ganglion  celt  are  continued  on  as 
Hpvre  fibres,  as  is  the  single  process  of  the  spinal 
^Ba|rfioo  cell,  the  nerve  fibres  so  formed  are,  in 
tbe  cmte  of  m<«t  of  the  processes  of  a  ceil,  and 
— MiitBicB  in  the  case  of  all  the  processes,  nun- 
aadollatcd  fibres,  and  remain  non-medullated  as 

hi  aa  they  cauQ  be  traced.     In  S4inie  inatances  one  process  becomes  at  a  little 

ifisSJUtoe  mMn  the  cell  a  meduilated  fibre,  while  the  other  processes  become 

•medtUlated  fibres;  and  we  are  led  to  believe  that  in  this  case  the  medul- 

is  proceeding  to  the  cell  on  ita  way  from  the  central  nervous 
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syetem,  and  that  the  Don  medullated  tibrea  are  proceeding  from  the  cell  nu 
their  way  to  more  peripherally  placed  parte ;  the  nerve  cell  ?eem8  to  aerve  as 
a  centre  for  the  division  ol'  nerve  (ibrea,  and  also  for  the  change  from  medul- 
lated to  non-ineduUntod  fibres. 

Id  con@e<iueDce  of  it«  thus  po&se^eing  aeveral  processes,  the  splanchnic 
ganglion  cell  is  more  or  less  irregular  and  often  star-like  in  form,  in  contrast 
to  the  pear  shape  of  the  spinal  ganglion  cell.  But  in  certain  situation^  in 
certain  animals — for  inslttnce,  iu  the  frog — in  many  of  the  ganglia  of  the 
abdomen,  and  in  the  small  ganglia  in  the  heart,  [lear-shaped  splanchnic 
ganglion  cells  are  met  with.  In  such  cases  the  nucleated  sheath  is  diatiuctl/ 
IKjar-shaped  or  balloonshaped,  and  the  large  conapiLMious  nucleus  is  place*!,  ae 
in  the  spinal  ganglion  cell,  near  the  broad  end,  but  the  cell  substance  of  tiie 
cell  is  gathered  at  the  stalk,  not  into  a  single  tibre,  but  into  two  fibres,  one 
of  which  18  straight  and  the  other  twisted  sjiirally  round  the  straight  one. 
The  two  iibres  nui  for  some  distancHj  together  in  the  same  funnel-shaped  pro- 
longation of  the  nudoaied  sheath  of  tho  cell,  hut  eventually  separate,  each 
fibre  acquiring  a  sheath  {sheath  of  Henle)  of  its  own.  Generally,  if  not 
always,  one  fibre,  usually  the  straight  one,  becomes  a  medullated  Hbre,  while 
the  other,  usually  the  twisted  or  spiral  one,  is  continued  as  a  non-meduMated 
fibre,  while  within  the  common  nucleated  sheath  both  fibres,  especially  the 
apira!  one,  bearnuclei  of  the  same  character  as  th(jse  seen  in  a  corresponding 
situation  in  the  spina!  ganglion  cell.  It  has  been  maintained  that  the  straight 
and  sjiiral  libres  take  origin  from  {Hlferent  jvarta  uf  the  uerve  cell,  but  tuia 
has  not  been  derinitely  proved. 

In  the  walls  of  the  intestine*  in  connection  with  splanchnic  nerves,  are 
found  peculiar  nerve  cells  forming  what  are  known  as  the  plexuses  of  Meiss- 
uer  and  Auerbach,  but  we  shall  jxwtpone  for  the  present  any  description  of 
these  or  of  other  peculiar  splanchnic  cells. 

§  99.  In  t\\Q  ^eniral  nervouA  Mjittan  nerve  cells  are  found  in  the  so  called 
grny  mutter  only;  they  are  absent  from  the  white  mutter.  In  the  gray  matter 
of  the  spinal  cord,  in  the  parts  spoken  of  as  the  anterior  cornua,  we  meet 
with  remarkable  nerve  cells  of  the  fiillowing  characters.  The  cells  are  large, 
varying  in  diameter  from  50  /t  to  1-40  ^,  and  each  consists  of  a  cell  body  sur- 
rounding a  large  conspicuous  refractive  nucleus,  in  which  is  placed  an  even 
still  more  eonspicuouiii:  nucleidus.  The  nucleus  resembles  the  nuclei  uf  the 
ganglion  cells  already  descrihed,  and  the  cell  body,  like  the  cell  body  of  the 
ganglion  cells»  is  composed  of  liuely  granular  protoplasm,  (>flen  fibrillated, 
though  generally  obscurely  so;  frequently  a  yellowish-brown  pigment  is 
depositei-1  in  a  part  of  the  cell  body  not  far  from  the  nucleus.  The  cell  body 
is  prolonged  sometimes  into  two  or  three  only,  but  generally  iuto  several 
prooesses,  which  appear  more  distinctly  fibrillated  than  the  more  central 
parts  of  the  cell  bmly.  These  processes  are  of  two  kinds.  One  process,  and. 
apparently,  one  only,  but  in  the  case  of  the  cells  of  the  anterior  cornu, 
always  one,  is  prolonged  as  a  thin  unbrouched  band,  which  retains  a  fairly- 
uniform  diameter  for  a  considerable  distuuce  from  the  cell,  and  when  suc- 
cessfully traced  is  found  sooner  or  later  to  acquire  a  medulla  and  to  become 
the  axis-cylinder  of  a  nerve  fibre;  the  processes  which  thus  pass  out  from 
the  gray  matter  of  the  anterior  cornu  through  the  white  matter  form  the 
anterior  roots  of  the  spinal  nerve.  Such  a  process  is  accordingly  called  the 
tixis- cylinder  process.  The  other  processes  of  the  cell  rapidly  branch,  and  so 
divide  into  very  delicate  filaments  which  are  soon  lost  to  view  in  the  sub- 
stance of  the  gray  matter.  ludeed,  the  gray  matter  is  partly  made  up  of  a 
plexus  of  delicat<!  filaments  ariaing,  on  tlie  one  hand,  from  (he  divisions  of 
processes  of  the  nerve  ceWs,  and  on  the  other,  from  the  division  of  the  axis- 
cylinders  of  fibres  running  in  the  gray  ujutter. 


OKNKRAL    KBATURES    OF    KERVOUS    TISSUES. 


167 


Thfl  cell  ie  not  surrounded  like  the  gunglion  cell  by  a  distinct  slienlh.  Aa 
wvihall  »ee  later  on,  while  treating  in  detail  uf  the  central  nervous  system, 
aU  the  nervous  elements  of  the  spinal  cord  are  supporte<i  by  a  network  or 
ywgawork  of  delicate  peculiar  ti^ue  calietl  netirofjUu,  analogotH  tu  and 
Mrving  much  the  same  functiun  as  hut  diflerent  in  origin  and  nature  from 
coBMOtire  tiasue.  This  neuroglia  forms  i\  sheath  to  the  nerve  cell  and  to 
in  prowni,  m  well  as  to  the  nerve  Bbres  running  both  in  the  white  and  the 
gmrBMUer;  hence  within  the  centnil  nervous  system  the  Hbres,  whether 
Beflilllat«d  or  no,  possess  no  separat'e  neurilemma;  tubular  sheaths  of  the 
MlUUglia  give  the  axis-cylinder  and  metlulla  all  the  Bupport  they  need. 

All  tht  nerve  oells  of  the  anterior  cornu  pro!>ahly  possess  an  axiacylindor 
tfOOMA,  nnd  other  cells  similarly  provided  with  an  axis-cylinder  process  are 
Mnd  in  other  parts  of  the  gray  matter.  But  in  certain  parts,  as.  for  instance, 
m  the  posterior  cornu.  many  of  the  cells  appejir  to  possess  uo  axis-cylinder 
firooesi  ;  in  such  e4ises  all  the  processes  apjieur  to  branch  out  rapidly  into  line 
ikiBftota.  Except  for  this  absence,  ap|>areni  or  real,  of  an  axis-cylinder 
prooev,  such  cells  resemble  in  their  general  feature?)  the  cells  of  the  anterior 
rarau.  though  they  are  generullv  somewhat  smaller.  Speaking  generally 
ike  ffreat  feature  of  the  nerve  cells  of  the  central  nervous  system  as  distin- 
ptaned  fn^m  the  ganglion  cells  is  the  remarkable  way  in  which  their  pro- 
tmmt  branch  otT  into  a  number  of  delicate  iilaments,  corres(>onding  la  the 
Mieste  filaments  or  tibrill;e  in  which  at  its  termination  in  the  tissues  the 
ilii  11  liinlii  i  of  a  nerve  often  ends. 

|1CH).  From  the  above  description  it  b  obvious  that  in  the  spinal  cord 
(to  which  as  representing  the  central  nervous  system  we  may  at  present  con- 
fiMOunelves,  leaving  the  brain  for  later  study)  afferent  fibres  (Sbres  of  the 
rior  root)  are  in  some  way  by  means  of  the  gray  matter  brought  into 
Lion  with  efferent  tihres  (fibres  of  the  anterior  root);  in  other  words, 
ihe spinal  cord  is  a  centre  uniting  afferent  and  eflerent  fibres.  The  spinal 
^^lia  are  not  centres  in  this  sense;  the  nerve  cells  composing  the  ganglia 
arc  simply  relays  on  the  afferent  fibres  of  the  posterior  root,  they  have  no 
OMUiectiou  whatever  with  efferent  fibres,  they  are  connected  with  fibres  of 
ooe  kind  only.  Lbncerniug  the  ganglia  of  the  splanchnic  system  we  cannot 
in  all  cues  make  at  present  a  p4>sitive  statement,  but  the  evidence  so  far  at 
(«r  disposal  points  to  the  conclusion  that  in  them  as  in  the  spinal  ganglia 
SMh  nerve  cell  belongs  to  fibres  of  one  function  only,  that  where  several  pro- 
aaMt  of  a  cell  are  prolongetl  into  nerve  fibres,  these  fibres  have  all  the  same 
fiiacCion.  the  nerve  cell  being,  as  in  the  spinal  ganglia,  a  more  relay.  We 
hftve  no  satisfactory  evidence  that  in  a  ganglion  the  fibres  springing  from  or 
floUMicted  with  one  cell  join  another  cell  so  as  to  convert  the  ganglion  into 
a  centre  joining  together  cells,  wh(»se  nerve  fibres  have  different  functions. 

Wc  shall  have  later  on  to  bring  forward  evidence  that  the  nucleated  cell 
body  of  a  nerve  cell  in  a  ganglion  or  elsewhere  is  in  some  way  or  other  oou- 
dsqimI  with  the  nutrition,  the  growth  and  repair  of  the  nerve  fibres  springing 
A<Mi  U.  Besides  this  nutritive  function  the  multipolar  cells  of  the  spianohnio 
poftia  appear  to  serve  the  purpi>se  of  multiplying  the  tracts  along  which 
Mnrotts  impulses  may  pass.  An  impulse,  fur  instance,  reachint:  a  multipolar 
(41  in  one  of  the  proximal  (sympathetic  ganglia  ahmg  one  fibre  or  process 
(iba  fibre  in  very  many  caacs  t>eing  a  medulated  fibre)  can  pa:^  out  of  the 
dU  in  various  directions  along  several  processes  or  fibres,  which,  in  the 
MMfity  of  cases,  if  not  always,  are  non-medullntctl  fibres.  Thus  these  nerve 
ClUl  an  organs  of  distribution  for  impulses  of  the  same  kind.  What  further 
Xntiiffaf  JODS  of  the  impul:>es  thus  passing  through  them  these  ganglia  may 
bring  about  we  do  not  know. 

It  Is  only  in  some  few  instances  tltat  we  have  any  indicalionsj  and  those  of 
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a  very  doubtfijl  character,  that  the  ganglia  of  the  splanchnic  system  can 
carry  out  either  of  the  two  great  functiona  belonging  to  what  is  physiologi- 
cally called  a  nerve  cenirCj  namely  the  function  of  starting  nervous  impulses 
anew  from  within  itself,  the  fijnction  of  an  auiomaiic  centre  so  called,  and  the 
function  of  being  so  affected  by  the  advent  of  afierent  impulsctt  as  to  send 
forth  in  response  efferent  impulses,  of  converting,  as  it  were,  aflereut  into 
efferent  imjjulses,  the  function  of  a  reflex  centre  so  called. 

In  the  central  nervous  system,  the  brain  with  the  spinal  cord,  which  sup- 
plies the  nervous  centres  for  automatic  actions  and  for  reflex  actions ;  indeed 
all  the  processes  taking  place  in  the  central  nervous  system  (at  least  all  such 
as  come  within  the  province  of  physiology)  fall  into  or  may  l)e  considered  as 
forming  part  of  one  or  the  other  of  these  two  categories. 

§  101.  Refles  aciionn.  In  a  reflex  action  aflerent  imjujlses  reaching  the 
nervous  centre  give  rise  to  the  discbarge  of  eflferent  impulses,  the  discharge 
following  BO  rapidly  and  ia  such  a  way  as  to  leave  no  doubt  that  it  is  caused 
by  the  advent  at  the  centre  of  the  afferent  impulses.  Thus  a  frog  from  which 
the  brain  has  been  removed  while  the  rest  of  the  body  hjia  Wn  letl  intact 
will  frequently  remain  quite  motionless  (as  far  at  least  as  the  skeletal  mus- 
clea  are  concerned)  for  an  almost  indefinite  time ;  but  if  its  skin  be  pricked, 
or  if  in  other  ways  afferent  impulses  be  generated  in  afferent  fibres  by  ade- 
quate BtimulatioD,  movements  or  the  Hmbs  or  body  will  immediately  ftillow. 
Obviously  in  this  inetance  the  stimulation  of  afferent  fibres  has  been  the 
cause  of  the  discharge  of  impulses  along  cflerent  fibres. 

The  machinery  involved  in  such  a  reflex  act  consist  of  three  parts:  (1) 
the  afferent  fibres,  (2)  the  nerve  centre,  in  this  case  the  spinal  cord,  and  (3) 
the  efferent  fibres.  [Fig.  50.]  If  any  one  of  these  three 
parts  be  missing  the  reflex  act  cannot  take  place ;  if,  for 
instance,  the  afferent  nerves  or  the  efferent  nerves  be 
cut  across  in  their  course,  or  if  the  centre,  the  spinal 
cord,  be  destroyed,  the  reflex  action  caiinot  take  place. 

Reflex  actions  can  be  carried  out  by  means  of  the 
brain,  as  \ve  ahall  see  while  studying  that  organ  in  de- 
tail, but  the  best  and  clearest  examples  of  reflex  action 
are  manifested  by  the  spinal  cord ;  in  fact,  reflex  action 
is  one  of  the  most  important  functions  of  the  spinal  cord. 
We  shall  have  to  study  the  various  reflex  actions  of  the 
spinal  cord  iu  detail  hereafter,  but  it  will  be  desirable 
to  point  out  here  some  of  their  general  features. 

When  we  stimulate  the  nerve  of  a  muscle-nerve  prepa- 
ration the  result,  though  modified  in  part  by  the  con- 
dition of  the  muscle  and  nerve,  whether  fresh  and  irritable  or  exhausted  for 
instance,  is  directly  dei>e«dent  on  the  nature  and  strength  of  the  stimulus. 
If  we  use  a  single  induction-shock  we  get  a  simple  contraction,  if  the  inter- 
rupted current  we  get  a  tetanus,  if  we  use  a  weak  shock  we  get  a  slight  con- 
traction, if  a  strong  shock  a  large  contraction,  and  so  on;  and  throughout 
our  study  of  muscular  contractions  we  aaauraed  that  the  amount  of  contrac- 
tion might  he  taken  as  a  measure  of  the  magnitude  of  the  nervous  tmpulsee 
generated  by  the  stimulus.  And  it  need  hardly  be  said  that  when  we  stimu- 
late certain  fibres  only  of  a  motor  nerve,  it  is  only  the  mu&cular  fibres  in 
which  those  nerve  fibres  end  which  are  thrown  into  contraction. 

In  a  reflex  action,  on  the  other  hand,  the  movements  called  forth  by  the 
same  stimulus  may  be  in  one  ca^  insignificant,  and  in  another  violent  and 
eiceasive,  the  result  depending  on  the  arrangements  and  condition  of  the 
reflex  raechaDism.  Thus  the  mere  contact  of  a  hair  with  the  mucous  mem- 
brane lining  the  larynx,  a  contact  which  can  originate  only  the  very  slightest 
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aJSerent  impulses,  may  call  furth  a  convulaive  fit  of  foughing.  in  which  a  very 
hrg*  number  of  muscles  are  thrown  into  violent  contractions  :  whereas  the 
ame  contact  of  the  hair  with  other  surfaces  of  the  body  may  produce  no 
obrioos  effect  at  all.  Similarly,  while  in  the  brainless  but  otherwise  normal 
bog,  a  slight  touch  on  the  skin  of  the  flank  will  produce  nothing  but  a  faint 
iliccer  of  the  underlying  muscles,  the  same  touch  on  the  sauie  ])art  of  a  frog 
poisooed  with  strychnine  will  produce  violent  lasting  tetanic  contractions  of 
Marly  all  the  muscles  of  the  body.  Motor  iinpultjus^as  we  have  seen,  travel 
tloDi;  motor  nerves  without  any  great  expenditure  of  energy,  and  probably 
vitbout  increasing  that  expenditure  as  they  proceed  ;  and  the  same  is  appa- 
reatly  the  <!aae  with  afferent  impulses  paasing  along  afferent  nferves.  When, 
hi>wever,  in  a  retlex  action  afferent  impulsee  reach  the  nerve  centre,  a  change 
tathe  nature  and  magnitude  of  the  impulses  takes  place.  It  is  not  that  in 
the  nerve  centre  the  afferent  impulses  are  simply  turned  aside  or  reflected 
fcto  efferent  impulses;  and  hence  the  name  '*  redex  "  action  is  a  bad  one. 

ia  rather  that  the  afferent  impulses  act  afresh,  as  it  were,  as  a  stimulus  to 
aerve  centre,  producing  according  to  circumstances  and  conditions  either 
vibw  weak  efferent  impulses  or  a  multitude  of  strong  ones.  The  nerve  centre 
mar  be  regarded  as  a  collection  of  explosive  charges  ready  to  be  di8charge<l 
and  eo  to  start  efferent  impulses  along  certain  eflercot  nerves,  and  these 
charges  are  so  arranged  and  so  related  to  certain  afferent  nerves,  that  afferent 
impulses  reaching  the  centre  along  those  nerves  may  in  one  case  discharge  a 
few  only  of  the  charges,  and  so  give  rise  to  feeble  movements,  and  in  another 
CMB  discharge  a  very  large  number,  and  so  give  rise  to  large  and  violent 
aoTemeiitfl.  In  a  reflex  action  then  the  number,  intensity,  character,  and 
diitribution  of  the  efferent  impulses,  and  so  the  kind  and  amount  of  move- 
MBI,  will  depend  chiefly  on  what  takes  place  in  the  centre,  and  this  will,  in 
tarn,  depend,  on  the  one  hand,  on  the  condition  of  the  centre,  and,  on  the 
fltlier,  on  the  special  relations  of  the  centre  of  the  afferent  impulses. 

At  the  same  time  we  are  able  to  recognize  in  most  reflex  actions  a  certain 
relation  between  the  strength  of  the  stimulus,  or  the  magnitude  of  tbe  affer- 
ttt  impuljes  and  tbe  extent  of  the  movement  or  tbe  magnitude  of  the  eflerent 
inpulaea.  The  nerve-centre  remaining  in  the  same  condition,  the  stronger 
or  more  numerous  afferent  impulses  will  give  rise  to  the  more  forcible  or 
ttore  c«>raprehenpive  movements.  Thus,  if  u  flank  of  a  brainless  frog  be 
very  lightly  touchwl,  the  only  reflex  movement  which  is  visible  is  a  slight 
tvitching  of  the  muscles  lying  immediately  underneath  the  spot  of  skin 
itiniulated.  If  the  stimulus  be  increased,  the  movements  will  spread  to  the 
hiftd-Ieg  of  the  same  side,  which  frequently  will  execute  a  movement  calcu- 
Itttd  to  riush  or  wi[)e  away  the  stimulus.  By  forcibly  pinching  the  same 
ifiot  of  skin,  or  otherwise  increasing  the  stimulus,  the  resulting  movementa 
oar  be  led  to  embrace  the  fore-leg  of  the  same  side,  then  the  opposite  side, 
ai  fioally.  almost  all  the  muscles  of  the  body.  In  other  words,  ttic  disturb- 
aee  aei  going  in  the  centre,  conflned  when  the  stimulus  is  slight  to  a  small 
pait  of  ine  centre,  overflows,  so  to  speak,  when  the  stimulus  is  increased,  to 
oUmt  pATta  of  the  centre,  and  thus  tnrows  impulses  into  a  larger  and  larger 
oanbcr  of  efferent  nerves. 

We  ma^  add,  without  going  more  fully  into  the  subject  here,  that  in  most 
rcBex  actions  a  special  relation  may  be  observed  between  the  part  stimulate*! 
and  tbe  resulting  movement.  In  the  simplest  cases  of  reflex  action  this  rela- 
tiOBifl  merely  of  euch  a  kind  that  the  muscles  thrown  into  action  are  thoAC 
ffmrDed  by  a  motor  nerve  whioli  is  the  fellow  of  the  sensory  nerve,  the 
ttiouilaiion  of  which  calls  forth  the  movement.  In  the  more  complex  reflex 
■Aion  of  the  brainless  frog,  and  in  other  cases,  the  relation  is  of  8ucb  u  kind 
tbe  re«ulting  rouvemeut  bears  an  adaptation  to  the  stimulus;  the  foot  ia 
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withdrawu  Irani  the  stiiuulus,  or  the  inovemeDt  is  calculated  to  push  or  wipe 
away  the  Btiinulus.  lu  other  words,  a  certain  purpose  is  evident  ia  the  reflex 
action. 

Thua  in  all  cases,  except  perhaps  the  very  simplest,  the  movements  called 
forth  by  a  reflex  action  are  exceedingly  complex  compared  with  those  which 
result  from  the  direct  stimulation  of  a  motor  trunk.  When  the  peripheral 
Btump  of  a  divided  sciatic  nerve  is  stimulated  with  the  interrupted  cnrrt»nt, 
the  muscles  of  the  leg  are  at  once  thrown  inti)  tetanus,  continue  in  the  same 
rigid  couditnuj  duriii/;^the  [lassa^e  of  the  current,  and  relax  imruediathly  on 
the  current  being  shut  ort"  When  the  same  current  is  applied  for  a  second 
only,  to  the  skill  of  the  flank  of  a  brainless  frog,  the  leg  is  drawn  up  and  the 
foot  rapidly  swept  over  the  spot  irritated,  na  if  to  wipe  away  the  irritation  ; 
but  this  movement  is  n  (•(jmj)lex  one,  requiring  the  a)ntraction  of  particular 
muscles  in  a  delinite  sequence,  with  a  carefully  adju5te<l  proportion  between 
the  amounts  of  contraction  of  the  individual  muscles.  And  this  complex 
movement^  this  balanced  ami  arranged  series  of  contractions,  may  be  repeated 
more  than  once  as  the  result  of  u  sin>rle  stimulation  of  the  skin.  When  a 
deep  breath  is  caused  by  a  dash  *>f  cold  water,  the  same  coordinated  and 
carefully  arranged  series  of  conlractione  is  also  seen  to  result,  as  part  of  a 
reflex  action,  from  a  simple  stimulus.  And  many  more  examples  might  be 
given. 

In  such  eases  as  these,  the  complexity  may  be  in  part  due  to  the  fact  that 
the  stimulus  is  applied  to  terminal  sensory  organs  and  not  directly  toaner%'e- 
trunk.  As  we  ghall  see  in  speaking  of  the  senses,  the  impulses  which  are 
generated  by  the  application  of  a  stimulus  to  a  sensory  or^an  are  more  com- 
plex than  thosc^  which  result  from  the  direct  stimulation  of  a  sensory  nerve- 
trunk.  Nuverthele:*j,  reflex  actionsof  great  if  n-ot  nf  equal  complexity  may 
be  induced  by  stinmli  applied  directly  to  a  nerve-trunk.  We  are,  therefore. 
obliged  to  conclude  that  in  u  reflex  action,  the  processes  which  are  originated 
in  the  centre  by  the  arrival  of  even  simple  impulses  along  afferent  nerves 
may  be  highly  complex ;  and  that  it  ia  the  constitution  and  condition  of  the 
centre  which  determines  the  complexity  and  character  of  the  movements 
which  are  eflected.  In  other  words,  a  centre  concerned  in  a  reflex  action  is 
to  be  regarded  as  constituting  a  sort  of  molecular  machinery,  the  character 
of  the  resulting  movements  being  determined  by  the  nature  of  the  machinery 
set  going  and  its  condition  at  the  time  being,  the  ctiaracter  and  amount  of 
the  flttei-ent  impulses  determining  exactly  what  parts  of  and  how  far  the 
central  machinery  is  thrown  into  action. 

Throughout  the  above  we  have  purposely  used  the  word  centre,  avoiding 
the  mention  of  nerve  cells.  But  undoubte<lly  the  part  of  the  spinal  cor<{ 
acting  as  centres  of  reflex  action  is  situated  in  the  gray  matter,  which  gray 
matter  is  characteri2e<]  by  the  presence  of  nerve  cells  ;  undoubtedly  also  the 
efferent  fibres  are  connected  with  the  affereut  fibres  by  means  of  cells,  cer- 
tainty by  the  cells  of  the  anterior  cornu  dei<cribed  in  ^  UU  and  probably  also 
by  other  cells  in  the  pi>9terior  cornu  or  elsewhere.  tSo  that  a  reflex  action  ia 
carried  on  undoubtedly  through  cells.  But  it  does  not  follow  that  a  cellular 
mechanism  is  essential  in  the  sense  at  all  events  that  the  nuclei  of  the  cells 
have  anything  to  do  with  the  matter,  or  even  that  the  most  important  of  the 
molecular  processes  constituting  the  changes  taking  place  in  a  centre  during 
a  reflex  action  are  carried  out  only  by  the  cell  substance  imme<liately  sur- 
rounding the  nuclei.  The  power  of  carrying  out  a  reflex  action  is  probably 
contingent  on  the  nature  and  arrangement  of  axis  cylinders,  and  of  the 
branching  material  by  which  in  a  nerve  centre  the  afferent  and  efferent  axis- 
cylinders  are  joined  together,  the  uuctei  intervening  only  so  far  as  they  have 
to  do  with  the  growth  and  repair  of  the  nervous  material. 
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$102.   Automatir  actions,     EfTereat   impulses    frequently  issue   from   the 
n  «.nfil  spinal  cord  and  so  give  rise  to  Tiiovoments  without  being  obviously 
ed  by  any  stiraulatiou.     Such  niovementj«  are  spokea  of  as  automatic 
ataoeous.     The  efferent  impulses  in  Buch  cases  are  started  by  ohangea 
nerve  centre  which  arc  not  the  immediate  result  of  the  arrival  at  the 
oeotre  of  aSereut  impuUes  from  without,  but  which  aj>pear  to  arise  in 
Um  nerve  centre  it«elf.     Changes  of  thiH  kind  may  recur  rhythmically ;  thus, 
w«  shall  see,  we  have  reason  to  think  that  in  u  certain  part  of  the  medulla 
f^ta  changes  of  the  nervous  material,  recurring  rhyihiuically.  lend  to 
hythroic  discharge  along  certain  nerves  of  efferent  impulses  whereby 
connected  with  the  chest  are  rhythmically  thrown  int^>  action  and  a 
ically  rejieateil  breathing  is  brought  about.     And  other  similar  rhyth- 
mic automatic  movements  may  be  carried  out  by  other  parts  of  the  spinal  cord. 
Front  the  brain  itfelf  a  much  more  varied  and  apparently  irregular  dis- 
charge of  efferent  impulses,  not  the  obvious  result  of  any  immediately  fore- 
gM^  aifierent  impulses,  and  therefore  not  forming  part  of  reffex  actions^  is 
firy  ©ammon,  constituting  what  we  speak  of  as  volition,  efferent  impulses 
UktMarisiug  being  called  volitional  or  voluntary  impulses.     The  spinal  cord 
sfiart  fnxn  the  brain  does  not  appear  capable  of  executing  these  voluntary 
aovemeots ;  but  to  this  subject  we  shall  return  when  we  come  to  speak  of 
the  fscctral  Dervf>us  system  in  detail. 

We  said  just  now  that  there  is  no  satisfactfjry  evidence  that  the  ganglia  of 
tke  splanchnic  system  ever  act  oh  centres  of  retlex  action.  The  evidence, 
h0«ever»  that  these  ganglia  may  serve  as  centres  of  rhythmic  automatic 
a|boii  seems  at  lirst  sight  of  some  strength.  Several  organs  of  the  body 
^^■Kaining  muscular  tissue^  the  most  notable  being  the  heart,  are  during  Lire 
Vm^piged  in  rhythmic  automatic  movements,  and  in  mitny  cases  continue  these 
■ovements  after  removal  from  the  body.  In  nearly  all  these  cases  ganglia 
sfs  present  in  connection  with  the  muscular  tissue ;  and  the  presence  and 
iatact  condition  of  these  ganglia  seem  at  all  events  in  many  cases  in  some 
war  saaeoti&l  to  the  due  performance  of  the  rhythmic  automatic  movements. 
Iimerf.  il  has  been  thought  that  the  movements  in  question  are  really  due 
Istbe  rbythtnic  automatic  generation  in  the  cells  ofllie.se  ganglia  uf  efferent 
iBpolflca  which  pasing  down  to  the  uppnipriute  nuiscular  ffbres  call  forth 
the  rbrthraic  movement.  When  we  come  to  study  these  movements  in  detail. 
««  ilaJI  find  reasons  for  coming  to  the  couclusiun  that  this  view  is  not  sup- 
parted  br  adequate  evidence;  and,  indee<],  though  it  is  perhaps  immature  to 
Hike  a  aogroatic  statement,  all  the  evidence  goes,  as  we  have  already  said, 
loibow  that  the  great  use  of  the  ganglia  of  the  splanchnic  system,  like  that 
of  the  spinal  ganglia,  is  connected  with  the  nutrition  of  the  nerves,  and  that 
tbtte  tCructureK  do  not,  like  the  central  nervous  system,  act  as  centres  either 
Mtonmtio  c»r  reflex. 

5  103.  Inhibitory  tij^rvcs.  We  have  said  that  the  tibres  of  the  anterior 
not  should  be  oalIe<i  efferent  rather  than  motor,  because  though  they  all 
any  impulses  outward  from  the  central  nervous  system  to  the  tissues,  the 

Xlses  which  they  curry  do  not  in  all  cases  lead  to  the  contraction  of  mus- 
fibm.     8«)me  of  these  efferent  tibres  are  distributed  to  glandular  siruc- 
,  fnr  instance  to  the  salivary  glands,  and  impulses  passing  along  these 
In  changes  in  epithelial  cells  and  their  surroundings  whereby,  without 
r  ir  contraction  necessarily  intervening,  secretion  is  brought  about ; 

("•  if  these  tibres  of  secretion  we  shall  study  in  connection  with 


this  there  are  efferent  fibres  going  to  muscular  tisi^ue  or  at  all 
trma  to  muscular  organs,  the  impulses  passing  along  which,  so  far  from 
hrai^og  about  muscular  contraction,  diminish,  ninder,  or  stop  movements 
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already  in  progress.  Tims,  if  when  the  heart  ie  Ideating  regularly,  that  is 
to  Bay,  when  the  niustMilur  fibres  which  make  up  thti  greater  part  of  the 
heart  are  rhythmically  coutractinir,  the  hranchea  of  the  pneumogastric  nerve 
going  to  the  heart  be  ade()uately  tititunlatetf,  for  instance  with  the  interrupted 
current,  the  heart  will  atop  beating;  and  that  not  beoauae  the  muscles  of 
the  heart  are  thrown  into  a  continued  tetanus,  the  rhythmic  alternation  of 
contraction  and  relaxation  being  replaced  by  sustained  contraction,  but  be- 
cause contraction  disappears  altogether,  all  the  muscular  iibres  of  the  heart 
remaiuiug  for  a  consi<ierable  time  in  complete  relaxation  and  the  \vhole  heart 
being  quite  flaccid.  If  a  weaker  stimulus  be  employed  the  beat  may  not  be 
actually  stopped^  but  slowed  or  weakened.  And,  us  we  shall  see,  there  are 
many  other  cases  where  the  slirnulatiou  of  efferent  fibres  hinders,  weakens, 
or  altogether  atops  a  m<vvement  already  in  progress.  Such  an  eflecl  is  called 
an  inhihilio)!,  and  the  fibres  stimuhuion  of  which  produces  the  effect  are 
called  *'  inhibitory  "  fibres. 

The  phenomena  of  inhibition  are  not,  however,  confined  to  such  cases  as 
the  heart,  where  the  efferent  nerves  are  connected  with  muscular  tissues. 
Thus  the  activity  of  a  secreting  gland  maybe  inhibited,  as  for  instance  when 
emotion  stojw  the  secretion  of  saliva,  and  tlie  mouth  becomes  dry  from  fear. 
In  this  instance,  however,  it  is  probable  that  inhibition  is  brought  about  not 
by  inhibitory  impulses  pass-ing  to  the  gland  and  arresting  secretion  in  the 
gland  itself,  but  rather  hy  nn  arrest,  in  the  central  nervous  system,  of  the 
nervous  impulses  which,  normally,  passing  down  to  the  gland,  excite  it  as 
we  shall  see  to  action.  And,  indeed,  as  we  shall  see  later  on.  there  are  many 
illustrations  of  the  fact  that  afferent  impulses  reaching  a  nervous  centre, 
instead  of  stimulating  it  to  activity,  may  stop  or  inhibit  an  activity  previ- 
ously going  (m.  In  fact  it  is  probable,  though  not  actually  proved  in  every 
case,  that  wherever  in  any  tissue,  energy  is  being  set  free,  nervous  impulses 
brought  to  bear  on  the  tissue  may  ati'ect  the  rate  or  amount  of  the  energy 
set  free  in  two  different  ways;  on  the  one  hand,  they  may  increase  or  riuicken 
the  setting  free  of  energy,  and  on  the  other  hand,  they  may  slacken,  hinder, 
or  inhibit  the  setting  free  of  energy.  And  in  at  all  event*  a  large  number 
of  eases  it  is  possible  to  produce  the  one  effect  by  means  of  one  set  of  nerve 
fibres,  and  the  other  effect  hy  another  set  of  nerve  fibres.  We  shall  have 
occasion,  however,  to  study  the  ^-veral  instances  of  this  double  action  in  the 
appropriate  places.  It  is  sufficient  for  us  at  the  present  to  recognize  that  a 
nervoua  impulse  passing  along  a  nerve  fibre  need  not  always  set  free  energy 
when  it  reaches  its  goal,  it  may  hinder  or  atop  the  setting  free  of  energy  and 
is  then  called  an  inhibitory  impulse. 


CHAPTER  IV. 


THE  VASCULAR   MECHANISM. 


TuK  SrauenrKE  akd  Main  Features  of  the  Vascular  Apparatus. 

The  blood,  as  we  have  said,  is  the  intemai  medium  on  which  the 

live :  irom  it  these  draw  their  foixl  and  oxygen,  to  it  they  give  up  the 

lets  of  waste  mattere  which  they  form.     'The  tiaauea,  with  some  few 

oo^idoiiifl,  are  traversed  by.  and  thui*  the  elementfl  of  the  tissueft  surrounded 

kr,  octworkt  of  minute  thin-watled  tubes,  the  eapUJaty  bloodvesseU.     The 

MMntary  atrialcd  muscle  tibre,  for  in-^iauoc,  id  surrounded  by  capillaries, 

nmniiig  in  the  connective  tisijue  outside  but  close  to  the  garcolemma,  arranged 

in  a  network  with  more  or  \e?^  rectangular  meshes.     These  capillaries  are 

ekwd  tabes  with  continuous  waits,  and  the  blood,  which,  a«  we  shall  see,  is 

oantloaallj  streaming  through  them.  L;  as  a  whole  confined  to  their  channels 

tad  does  not  escape  from  them.     The  elements  of  the  tissues  lie  out&ide  the 

esaillAriea  and  form  ^xtrn-WMcnfar   UleU,  of  different  form  and  size  in  the 

dinrrent  tissues,  surrounded  by  capillary  networks.     But  the  walls  of  the 

frnpillarieB  are  so  thin  and  of  such  a  nature  that  certain  of  the  constituents 

«if  the  blood  |>ass  from  the  interior  of  the  capillary  through  the  capillary 

«%ll  to  the  elemeutd  of  the  tissue  outside  the  capillary,  and  similarly  certain 

the  constituents  of  the  tissue,  to  wit,  certain  substances  the  result  of  the 

ilism  continually  goin>;  on  in  the  tissue,  pass  from  the  tissue  uutaide 

ipillary  thronjrh  the  capillary  wall  into  the  blood  flowing  through  the 

eaptllary.     Thus  as  we  have  already  said,  i:^  13,  there  is  a  continual  inter- 

runee  of  material  between  the  blood  in  the  capillary  and  the  elements  of 

tbe  itfsa?  outside  the  capillary,  the  lymph  acting  as  middle  man.     By  this 

uitercbanee  the  tissue  lives  on  the  blood,  and  the  blood  is  oifected  by  its 

paaage  through  the  tia^ue.     In  the  small  arteries  which  end  in,  and  in  the 

CBuUI  vein<j  which  begin  in  the  capillaries,  a  similar  interchange  takes  place; 

t>ai  the  amount  of  interchange  diminishes  ap,  parsing  in  each  direction  from 

the  oapillari^T*.  the  walls  of  the  arteries  and    veins    become  thicker;  and 

todec;*!.  in  all  but  the  minute  veins  and  arteries,  the  interchange  is  so  small 

tkai  it  may  practically  be  neglected.     It  is  in  the  capillaries  (and  minute 

»rt?rie»  and  veins)  that  the  business  of  the  blood  is  done ;  it  is  in  these  that 

the  interchange  takes  place  ;  and  the  object  of  the  voi^cular  mechanltm  is  to 

onue  the  blood  to  tiow  through  these  in  a  manner  best  adapted  for  carrying 

(«  this  ioierchonge  under  varying  circumstance'^.     The  use  of  the  arteries  is 

ID  the  main  «mply  to  carry  the  blood  in  a  guitablo  manner  from  the  heart  to 

thecspiiluric»«,  t\\v  use  of  the  veins  is  in  the  main  simply  to  carry  the  blood 

ftofn  the  capillaries  back  to  the  heart,  and  the  une  of  the  heart  i.s  in  the 

miiii  iiimply  to  drive  the  blcKxl  in  a  suitable  manner  through  the  arteries 

into  thr  capillaries  and   Irom  the  capillaries  back  along  the  veins  to  itwlf 

•giia.    The  structure  of  theses  several  parts  is  mlapted  to  these  several  uses. 


■Tf 


The  StruriurrA  of  Arteries ^  Cnpiftaric$,  and  Vfin^- 

■'!'  conu'ciive  tuaue.     The  heart  and  bloodvessels 
ijp  partly  of  muscular  tissue  with  its  appropriate 
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nervous  element,  aiul  partly  oi' certain  varietietj  of  the  tissue  known  as  con- 
nective tii?Bue.  Wo  sluill  have  to  si>eak  of  some  of  the  fealurea  of  connective 
tissue  of  physiological  importance  when  we  come  to  tleal  with  the  lymphatic 
ayatem,  for  this  eyetem  Ih  intimately  aseuciatetl  with  uoiinective  tissue.  But 
an  association  only  less  close  exists  between  the  bluixl  vessels  and  couneclive 
tissue;  for  connective  tissue  not  only  enter*;  largely,  in  one  or  other  of  its 
forms,  into  the  structure  of  the  bloodvessels,  hut  also  forms  a  sort  of  bed  both 
for  the  larger  vessels  on  their  way  to  and  from  the  several  tissues  and  organs 
and  for  the  smaller  vessels,  including  the  capillaries,  within  each  tissue  and 
organ;  indeed,  a  capillary  may  be  regarded  as  a  minute  tabular  passage 
hollowed  out  in  the  connective  tissue  which  binds  together  the  elements  of  a 
tissue.  It  will  be  desirable,  thereiore,  to  point  out  at  once  a  few  of  the 
characters  of  connective  tissue. 

The  connective  tissue  of  the  adult  body  ibderivtii  from  certain  mesoblastic 
cells  of  the  embryo  and  consists  e.-^entially  of  certain  cells,  which  do  not  lie 
in  close  contact  wjih  each  other  as  do  the  cells  of  epithelium,  but  are 
separated  by  ftii>re  or  less  iater-cellular  material  which  may  in  certain  cases 
be  fluid  or  ?enii-Huid,  but  which  is  generally  solid,  and  is  commonly  sj>oken 
of  as  vuitrtr.  In  most  ioruis  oj'  couneclive  tissue  the  matrix  is  relatively  so 
abundant  and  prominent,  that  the  cells,  or  connective  titmie  corpu^de^  as  they 
are  cidled,  become  inconspicuous;  and,  speaking  generally,  the  value  of 
connective  tisane  to  the  Imtiy  depends  much  more  <in  the  rpialities  of  the 
matrix  than  on  the  activity  of  the  connective  tissue  corpuscles. 

The  kind  of  connective  tissue,  sometimes  called  *'  loose  connective  tissue/' 
which  wraps  round  and  forms  a  bed  for  the  bloodvessels,  consists  of  an 
irregular  meshwork  ibrrned  by  interlacing  bundles  of  various  sizes  which 
leave  between  them  spates  of  very  variable  form  and  bIkc,  some  being  mere 
chinks  or  clefts,  others  being  larger  but  generally  flattened  passages,  all  con- 
taining iyiuph  and  bavin;;  as  we  shall  see  special  couueciious  with  the 
lymphatic  vessels.  The  larger  spaces  are  sometimes  called  *' areola?,"  and 
this  kind  of  connective  tissue  is  sometimes  spoken  of  as  "areolar  tissue." 
When  a  amali  portion  of  this  tissue  is  teased  out  carefully  under  the  micro- 
scope, the  larger  bundles  may  be  separated  into  tines'  bundles,  and  each 
bundle,  which  generally  pursues  a  wavy  course,  has  a  tibrillated  appearance 
as  if  made  up  of  exceedingly  Hoe  ribrillje:  treated  with  lime-water  or  baryta- 
water  the  bundles  do  actually  split  up  into  fine  wavy  fibrillie  of  le.-**  than  1  h  in 
diameter,  a  substance  of  a  peculiar  nature  which  previously  cemented  the 
librilhe  together  being  dissolved  out  from  between  them.  When  a  mass  of 
such  fibrilla;  is  boiled  with  water,  they  become  couverteil  into  yWa/iH,  a  sub- 
stance containing,  like  proteid  material,  carbon,  nitrogen,  hydrogen,  and 
oxygen,  with  a  smalt  L|uautity  of  sulphur,  but  differing  from  proteid  material 
both  in  its  percentage,  composition,  and  in  it^  properties.  A  remarkable  and 
well-known  feature  of  gelatin  is  that  il,s  solutions  while  fluid  at  a  tenii)erature 
of  boiling  water  or  less,  become  solid  or  a  "jelly  "  at  lower  temperatures.  The 
untouched  tibrilke,  in  their  natural  condition,  behave  as  we  shall  see  lu 
speaking  of  the  digestion  of  connective  tissue,  somewhat  differently  from 
prepared  gelatin;  the  natural  tibrilhe,  therefore  does  not  consist  of  gelatin, 
but  of  a  substance  which  by  boiling  is  readily  converted  into  gelatin.  The 
substance  soluble  in  lime-  or  baryta-water,  which  cements  a  number  of 
fibrillic  into  a  bundle,  a|>pears  to  lie  allied  to  a  body,  of  which  we  shall 
speak  later  on,  called  mucin.  Since  the  fibrilhe  form  by  far  the  greater  part 
of  the  matrix  of  connective  tissue,  a  quantity  of  this  tissue  when  boiled 
seems  almost  entirely  converted  into  gelatin. 

In  connective  tissue,  then,  a  numl)er  of  exceedingly  liae  gelatiuiferous 
fibrilla;  are  cemented  together  into  a  fine  microscopic  bundle,  and  a  number 
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^^Hner  bundtea  may  be  similarly  cemented  together  or  simply  apposed 

^Hn  form  larger  bundles;  some  of  the  bundles  at  least  appear  more- 

10  be  defined  by  a  delicate  transparent  ebeiith  of  a  aomewliat  peculiar 

astnre.     A  number  uf  these  biindlet<,  small  and  large,  are  arranged  a.»  a 

Mihwork,  the   irregular  spacer  of  which  are  occupied  by  lymph.     On  the 

mka  of  the  bundles  toward  the  spaces  or  between  the  bundles  where  these 

in  iD  appoaitiou,  ufleu  lying  in  minute  spaces  holtuwed  out  in  the  cement  or 

pound  subetaDce  uniting  the  bundles,  are  found  the  connective  tissue  cor- 

pMckft.     Each  of  these  is  a  cell  consisting  of  a  nucleus,  generally  uval  or 

ekngate,  9urrounde<l  by  a  protoplasmic  cell  body  usually  irregular  in  form, 

Wing  »ometime<   merely   spindle-shaped,   but    more   freouently   distinctly 

bnnched  or  stellate,  and  nearly  always  much  Hatteued   in  a   plane  corre- 

i^ding  to  the  direi-tiou  of  the  fibres,  or  bundles  of  the  matrix.      Although 

n  we  have  saitl.  the  fibrilla.'  are  cementeil  together  into  a  bundle,  each  fibrilta 

rtmaios  sufficiently  di!»tinct  to  have  a  miirkod   refractive  effect  on   rays  of 

it   falling  u{>on  or  transmitted  through   the  ti.<»ue.  so   that  the  bundles 

white  and  opauue ;  hence  this  tissue,  and  especially  a  more  dense  form 

1  sometimes  spoken  of  iis  white  fibrous  tissue.     Owing  to  this  opacity 

trt  delicate  connective  tiasue  corpuscles  are  not  readily  visible  in  the 

iral  condition  of  the  tifisue.     They  may,  however,  be  brought  to  view  by 

action  of  dilute  acid  such  as  acetic  acid.     Under  the  influence  of  this 

aeid  each  fibrilla  swells  out,  and  the  swollen  fibrillu.*  pressing  upon  each  other 

to  refract  light  so  much  as  before,  and  thus  become  more  trausparent, 

much  as  an  opaijue  mass  of  stripe  of  isinglass  becomes  transparent  when 

•tripe  arc  swollen  by  boiling;  this  increase  of  transjiarency  allows  the 

rle«.  which  are  not  swollen  but  rather  shrunken  and  made  more  opaque 

tfav  action  of  the  acid,  to  become  visible.     The  presence  of  these  cor- 

pwelea  may  also  be  revealed  by  the  use  of  such  staining  reagents  as,  while 

DOl  staining  the  Hbrillated  matrix,  stain  the  nuclei  and  the  protoplaauiic 

bodiM  of  the  corpuscles. 

Beaidea  theae  oraoched  irregulnr-tlattened  connective  tissue  corpuscles, 
which  do  not  naturally  exhibit  any  ama-boid  movements,  leucocytes,  exhib- 
iting more  or  leas  active  movements,  are  found  in  the  spaces  of  the  tissue, 
with  corpuscles  of  a  third  kind  remarkable  from  the  large  coarse 
lies  with  which  the  cell  substance  is  studded,  and  known  as  *' plasma- 

When  connective  tissue  is  rendered  transparent  by  the  action  of 
ac«tic  ocid,  there  come  into  view  besides  the  corpuscles,  a  number  of 
diilereut  from  the  gelatiniferous  fibres  not  only  in  not  being  swollen 
rendered  transparent  by  the  action  of  the  acid,  but  also  by  tneir  size, 
Ively  scanty  number,  clear  bold  outline,  and  sharply  curved  course.  The 
vnry  much  in  size,  some  l>cing  veiy  fine  so  as  to  appear  mere  lines, 
while  others  are  very  large  with  a  distinct  double  outline.  Whether  small 
or  large  each  fibre  is  a  single  fibre,  not  a  bundle,  and  cannot  be  split  up,  like 
»  fibrv  or  ."mall  bundle  of  the  ordinary  matrix,  into  Hbrillse.  Not  only  is 
llMir  COOrae  sharply  curved  unlike  the  gently  sweeping  outlines  of  the  gela- 
tiBifciiWig  fibres,  but  they  divide  and  anastomose  freely,  thus  forming  net- 
works of  varying  shape  ;  the  gelatiniferous  fibrillie.  on  the  other  hand,  never 
<liyid<r,  and  the  buudle:^  interlace  into  a  network  rather  than  anastomose. 

Th«  number  of  these  fibres  occurring  in  connective  tissue  vary  much  in 
diAtrcol  sitaations,  and  in  some  place,  as,  for  instance,  in  the  ligamcntum 
mmeket  of  oeilain  animals,  nearly  the  whole  tissue  is  composed  of  large  fibres 
ol*  this  kind,  having  in  the  mass  a  yellow  color,  the  ordinary  gelatiniferous 
fthrea  being  reduced  to  a  minimum.  In  such  a  situation  a  remarkable  phy- 
'  chnrmeter  of  then  fibres  is  easily  recognized  ;  they  are  in  a  high  degrto 
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exteiiBible  aud  elastic;  hence  they  ai'c  freijuently  culled  elwftic fibres :  irom 
their  yellowish  color  they  are  sometimes  callefl  yellnw  elaBtic  fibres.  The 
white  gelatioiieroua  fibrillse,  on  the  contrary,  poase&e  very  little  extensibility 
or  elasticity. 

AVheu  ft  portion  of  ligameutuin  nuch:e  is  freed  by  prolonged  boiling  from 
the  remuunt  of  gelatiniferous  libres  mixed  up  with  tbe  yellow  elastic  mate- 
rial, the  latter  is  found  on  chemicul  treatment  to  yield  a  riubstance  called 
ei/utint  which  very  closely  resembles  proteid  matter  in  elementary  couipo- 
sition,  except  that  it  contains  no  sulphur,  and  which  yet  probably  difiera 
widely  from  it  in  nature. 

Connective  tissue  then  cunsiata  of  a  matrix  of  inexteu&ible  inelastic  white 
wavy  gelatiniferous  fibrillar  cemented  into  bundles  (the  bundles  being 
arranged,  iu  loose  connective  tissue,  in  irregular  luetilivvorkB)  with  which  are 
associated  in  varying  abundance  anastomosing  curled  yellow  elastic  fibres, 
and  among  which  are  imbedded  branched  cimiiective  tissue  corpuscles.  Leu- 
cocytes and  plasma  cells  are  aleu  found  in  the  meshes  or  areola  of  the  mesh- 
work.     We  may  now  return  to  the  structure  of  the  bhxxlvessels. 

?;  107.  ChpUlaries.  A  capillary  is,  as  we  said  above,  a  tubular  passage 
hollowed  out  in  connective  tissue.  Without  special  preparation  all  that  can 
be  seen  under  the  microscope  is  the  outline  of  the  wall 
of  the  caj)illary,  ahowiug  under  high  p<*wers  a  double 
cttntour,  and  marked  with  oval  nuclei  which  are  lodge<l 
in  tbe  wall  at  intervals,  and  which  project  somewhat 
into  the  lumen  or  canal  of  the  vesspl.  [Fig.  51.]  When, 
however,  the  tissue  C4>ntaining  the  capillaries  is  treated 
with  a  weak  solution  uf  silver  nitrate,  and  after  being 
thoroughly  washed  is  exixased  to  light  the  wall  of  the 
capillary  is  seen  to  be  marked  out  by  thin  black  lines 
into  spindle-shaped  areaa»  dovetailing  into  each  other, 
and  so  related  to  the  nuclei  in  the  wall,  that  each  nu- 
cleus occupies  about  the  centre  of  an  area.  From  this 
and  frnm  other  facts  we  conclude  that  the  capillary 
wall  is  built  of  tlat  fusiform  nucleated  plates  cemented 
together  at  their  edges  b}^  some  cemented  Bubstaoce, 
which  more  readily  absorbs  and  retains  silver  nitrate 
than  do  the  plates  themselves,  and  hence  at\er  treat- 
ment with  tlie  silver  salt  shows  in  the  form  of  black 
lines  the  silver  which  has  been  absorbed,  and  suddenly 
reduced.  Each  plate  is  a  flattened  nucleated  cell,  the 
cell  body  of  which,  except  for  a  remnant  of  undifl^eren* 
tiated  protoplasm  round  the  nucleus,  has  become  con- 
verted into  transftarent,  differentiated  material.  Since 
the  cells,  except  for  the  minimum  of  cement  substance 
between  them,  are  in  cliise  contact  with  each  other, 
we  might  speak  of  them  as  forming  an  epithelium  ;  but 
on  acc<junt  of  their  cell  body  Ijeing  reduced  to  a  mere 
plate,  nnd  on  account  of  their  connection  both  by  origin 
and  nalure  with  mesoblastic  connective  tissue  corpus- 
cles, it  ia  convenient  to  Hpeak  ut'  them  as  epithdioUl  cells  or  plates.  They  are 
sometimes  spoken  of  as  fiuiothefial  cells  or  plates.  Iu  a  small  capillary  the 
width  of  one  of  these  epithelioid  plates  at  its  widest  part,  where  the  nucleus 
lies,  may  be  of  nearly  the  same  size  as  the  circumference  of  the  even-distended 
capillary  ;  the  cells  consequently  are  placed  not  side  by  side,  but  more  or  less 
alternate  with  each  other,  aud  their  nuclei  project  alternately  into  the  lumeu 
of  the  vessel.     The  larger  capillaries  may,  however,  be  so  wide  that  two  or 


CArUXAJIIRS  rnouTBE 

ICbbntcry  of  a  Guinea- 

FIG,     AITXB     TREATMK.xr 

wrrH   SoLtmoH  op   Ni- 

TftATE  OF  SILVEU 

o.  Cells,     b.  TheJr  nu- 
clei.] 


rSATCRXS    OF    VASCULAR    APPARATUS, 


177 


toon  cells  lie  more  or  less  Abreast.     Outside  the  capillary,  which  is  thus 
S  thin  Aod  delicate  membrane,  a  mere  patchwork  of  thin  epithelioid  cells 
LptaBCatrd  together,  is  always  found  a  certain  amount  of  connective  tissue, 
■M^l  of  the  capillary  forming  at  places  part  of  the  walls  of  the  lymph- 
lltaldlt))^  connective  lis&ue  spaccH,  and  at  other  places  being  united  by  cemeut 
Oistcrial  to  the  bundles,  banda,  or  sheets  of  the  same  connective  tissue.     Not 
UQ frequently,  in   young   tissues,  branched  connective  tissue  corpuscles  lie 
Bpna  and  embrace  a  capillary,  some  of  the  processes  of  the  cell  being  attached 
Uithe  outside  of  the  epithelioid  platen  of  the  capillary.      Even  in  the  capilla- 
ries of  such  a  tissue  as  muscle,  the  network  of  capillaries  embracing  a  mus- 
Cttlar  fibre  is  always  surrounded   by  a  certain   though  sometimes  a  small 
iDt  only  of  connective  tissue  ;  iudeed,  wherever  capillaries  run,  they  are 
ipanied,  as  we  have  ttaid,  by  connective  tissue,  so  that  everywhere  all 
the  IknIv  the  blood  in  the  capillary  is  separated  from  the  lymph  in  the 
■  of  the  connective  tissue  by  nothing  more  than   the  exceedingly  thin 
of  the  cemented  epithelioid  plates.     It  must  be  added,  however,  that 
ike  spftoes  in  the  connective  tissue  are  themselves  sometimes  lined  by  similar 
epithelioid  plates,  of  which  we  shall  have  to  treat  in  speaking  of  the  lym- 
intioi,  so  that  in  places  the  partition  between  the  blood  atid  these  lymph 
B^mtm  may  be  a  double  one,  and  consist  of  two  layers  of  thin  plates. 

in  any  case,  however,  the  partition  is  an  exceedingly  thin  one,  and  so  per- 

Bttfale  that  it  allows  an  adet{uately  rapid  interchange  of  material  l>etween 

IIm  Uood  and  the  lymph.     As  we  shall  presently  see,  not  only  fluidfl— that 

ii^  malters  Id  solution — are  able  to  pa>«  through  tlie  partition  into  the  lymph, 

but  intaot  oorpuaolee  both  red  and  white,  especially  the  latter  may,  in  certain 

ices,  make  their  way  through,  and  so  pass  from  the  interior  of  the 

into  the  lymph  spaces  outside.     It  is  probable,  however,  that  these 

their  way  chieHy,  if  not  exclusively,  through  the  cement  lines,  and 

dly  at  the  point  where  the  cement   lines  tif  three  or  more  cells  meet 

rr.  and  where  the  cement  substance  exists  in  larger  amount  than  else- 

Tbe  size  of  the  capillaries  is  variable.  In  some  regions  of  the  body,  for 
in  the  lungs,  the  capillaries  are,  on  the  whole,  wider  than  in  other 
for  instance,  the  skin  ;  and  all  the  minute  vessels  joining  arteries  to 
and  possessing  the  structural  features  just  described — that  is,  being 
piilaries — will  not  always  have  the  siirae  size,  even  in  the  same  region 
of  Um  bodr ;  the  artery  may  give  rise  to  large  eapillarii^  which  branch  into 
anall  capillaries, and  these  may  again  join  into  large  capillaries  before  uniting 
tt#  form  veins.  Thus  one  capillary  may  be  so  narrow  that  a  single  (mamma- 
K  li^p)  red  corpuscle  p&»es  through  it  with  difficulty,  whereas  another  capil- 
■^kry  may  be  wide  enough  to  afford  nx>m  for  two  or  three  such  corpuscles  to 
^Bftvvi  abreast.  Besides  this,  the  same  capillary,  may,  in  the  living  l>ody, 
^BfcTT'  in  width  from  time  to  time.  At  one  moment,  as  when  the  entrance  on 
PSko  arterial  side  is  blocked,  or  when  bhx>d,for  some  reas<m  or  another,  ceases 
to  6ow  into  it,  the  capillary  may  be  empty  and  collapsed,  its  walls  in  con- 
acd  its  lumen  abolished  or  nearly  io  ;  and,  in  tissues  t^iken  from  the 
body  and  prepared  for  micrtncopical  examination,  the  capillaries  are 
~1y  thus  empty  of  blood  and  collapsed,  so  that  they  can  be  socn  with 
Ity,  appearing  as  they  then  do  as  almost  more  lines  with  swellings  at 
iHtarrals  corresponding  to  the  nuclei  of  the  constituent  cells.  At  another 
tone,  as  when  blood  is  lowing  into  it  at  high  pressure,  the  capillary  may  he 
wiiiely  distended.  In  the  variations  in  calibre,  the  walls  of  the  capillary 
pLar  a  passive  pan  ;  the  material  of  the  epithelioid  plates  is  extensiblt:,  and 
the  uraarore  of  the  blood  within  the  capillary  distends  the  walls,  and  the 
I  being  also  elastic,  the  walla  shrink  and  collapse  when  the  pressure 
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is  removed,  being  assisted  in  this  by  the  pressure  of  the  lymph  in  the  spaces 
outside  the  capiUnry.  But  besides  this,  in  a  young  animal,  at  all  events,  the 
capillary  wall  is.  to  a  certain  exleul,  contractile;  the  epithelioid  cells,  which 
then  appear  to  contain  a  large  amount  of  undifferentiated  protoplasm,  seem 
able,  under  the  influence  of  stimuli,  to  change  their  form,  passing  from  a 
longer  and  narrower  shape  to  a  shorter  and  broader  one,  and  thus  indnencing 
the  calibre  of  the  tube  of  which  they  form  the  walls.  How  far  such  on  active 
change  of  form  takes  place  in  the  capilJarie;^  of  the  adult  body  ha«  not  yet 
been  definitely  determined. 

The  structure  of  the  capillary  then  seems  adapted  to  two  ends.  In  the 
first  place,  its  walls  being  permeable  are  adapted  for  currying  out  that  im- 
portant interchange  between  the  blood  and  tissue,  which,  as  we  have  more 
than  once  said,  takes  place  aliijost  exclusivelv  in  the  capillary  regions.  In 
the  second  place,  the  extensibility  and  elasticfty  of  its  walls  permit  it  to  adapt 
its  calibre  to  the  amount  and  force  with  which  the  blood  ie  flowing  into  it. 

§  108.  A  rtt:ru'>i.  The  wall  of  a  minute  artery,  i.  e.,  of  one  which  is  soon  about 
to  break  up  into  cai)illariea,  and  which  is  sometimes  spoken  of  as  an  arteriole, 
consists  of  the  following  parte : 


\T\Q.  01 


Fig.  W 


Fio.  Sd— Finest  VKi»i:[.rt  on  the  AKTKKiaL  Side,  rKuu  nic  Bcmjln  Bhain  (magnified  SOU  tlmc»), 
1,  Btniilltist  Arter)*;  -.  trandtlon  vessel;  3.  oooracr  c»]tiUai1c«;  4,  ttncr  capUlnrlcs.  a,  stmcturclera 
metDbtune  bUU  u-ith  K>ine  nuclol,  rapreeentaUvc  of  the  tniilca  extiiuiL,  b,  nuclei  of  itio  musmlar 
nbt«>cvlla ;  e,  nuclei  wllhln  the  imall  artery,  porbapR  appertaining  to  an  eudoUjellam  ;  d,  Duul«i  In 
the  transition  vnaels 

Fig.  63— Smau.  AKTi:nv  to  .Show  tut.  VAitiorB  hAVFRa  which  Comit»e  rre  Walu.  a,  endo- 
thelium ;  b.  internal  elastic  lamlnu;  c,clrrulftrnni«:nlarfibrei  of  the  middle  coat;  rf,  theconnectlTe- 
UBue  outer  coat— tunica  advunlltla  (Lampoih'h  PhyriUogy,  edit,  b;  BUrltnc),] 


There  is  within  a  lining  of  fusiform  epithelioid  cells,  very  similar  to  those 
of  a  capillary  and  similarly  cemented  together  into  a  membrane  [Fig.  52]. 
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f  lung  iliameter  of  these  fusiform  cells,  which  are  sometimes  very  narrow, 
li  pUrtii  parallel  to  the  axis  of  ihe  artery. 
0tjui<l«  thifl  epithelioifl  lining  coiues  a  thiu  transparent  structurele^  or 
jr  tibrillaieil  nifnihrane,  seen  in  an  optical  or  other  section  of  the  artery 
line,  which  serves  as  a  supixtrting  membrane,  basement  nienihrane, 
it  pntprin,  for  the  epilhelioiil  cellb.  This  membrane  is  similar  in 
natures  and  in  pro|>ertiefi  to  the  eluslie  fibres  iouad  in  connective 
•nd  hence  is  »{x>keD  of  tis  the  elaaiic  membrane.  The  epithelioid  cells 
tad  tile  elastic  membrnne  together  are  often  spoken  of  as  ibrming  the  inner 
(tuuir^t  iutima)  of  the  artery. 
Wrapped  transvereety  in  a  more  or  less  distinctly  spiral  manner  round 
inner  coat,  and  imbedded  in  a  small  quantity  of  connective  tissue,  lie  a 
her  of  plain  muscular  fibres,  arranged  in  the  smallest  arteries  in  a  single 
^er,  in  the  larger  but  still  small  arteries  in  more  than  one  layer.  This 
i&  in  these  arteries  the  middle  or  muscular  coat  {tunica  media).  Otitside 
this  muacular  coat  oomes  the  external  coat  (tunica  extima)  consisting  of  c^n- 
Mctive  tisue  the  bundles  of  which  are  disposed  for  the  most  part  longitudi- 
odly,  and  oontaio  a  number  of  connective-tissue  corpuscles  and  a  relatively 
krgt*  number  of  elastic  Hbres.  This  outer  coat  is  coutiunou!"  with  the  con- 
ive-iiasne  l>ed  in  which  the  artery  lies. 
A  minute  artery  then  differs  from  a  capillary,  iu  the  thickness  of  its  walls 
he.fby  the  permeability  so  characteristic  of  the  capillary  is  to  a  great  extent 
,  in  the  distinct  development  of  elastic  elements,  the  elastic  membrane  of 
inner  c<mt,  and  the  ela^Jtic  Kbres  of  the  outer  coat,  whereby  elactiu  'juali- 
are  definitely  assured  to  the  walls  of  the  vessel,  and  lastly  and  cbirtly  by 
pret*euce  of  distinct  mu!?eular  elements.  It  is  obvious,  that  while  by  the 
elopment  of  clastic  elements,  passive  changes  of  calibre  have  a  greater 
pe  than  in  the  capillary,  active  changes  in  calibre,  which  in  the  capiU 
are  at  be«t  doubtful,  are  assured  to  the  artery  by  the  musi-ular  elements. 
these  transversely  disposed  muscular  fibres  contract,  they  must  narrow 
lib  calibre  of  the  artery,  and  may  do  that  against  even  very  con&iderable 
1  pressure;  when  they  relax,  they  allnw  the  iuterual  pre^-iure-which 
y  exist  tu  distend  the  vessel  and  temporarily  to  increase  the  calibre. 
ben  such  a  small  artery  breaks  up  into  capillaries  the  mubcular  fibres 
•^aalic  membrane  disappear,  the  remnant  of  the  muscular  coat  being 
mes  ct>Dtinued  fur  a  short  distance  in  the  tbrm  of  a  single  fibre  strag- 
in  a  spiral  fashion  round  the  artery  toward  the  capillary,  and  all  that 
\vt\  la  the  f  ijitbelioid  lining  uf  the  inner  coat  with  a  little  connective  tissue 
repreMDt  the  outer  coat. 
109.  The  iarga-  arieri^H  resemble  the  minute  arteries  in  so  fur  that  their 
Ifl  may  be  considered  as  composed  of  three  coats,  but  each  of  these  coats 
fa  more  or  less  complex  nature,  and  the  minor  details  of  their  structure 
er  in  dttfereot  arteries. 

D  ecucb  an  artery  as  the  carotid  or  radial,  the  three  ooats  have  the  foUow- 
gi-neral  characters  [Fig.  53]. 

inner  coat  is  composed  of  a  lining  of  epithelioid  cells  resting  not  on  a 
delicate  basement  membrane,  but  on  an  elastic  layer  of  some  thick- 
It*,  consisting  chieBy  of  a  so-called  **  fenestrate<r'  elastic  membrane  or  of 
BkDft  tlkan  one  such  membrane,  together  with  some  amount  of  tine  elastic 
d  in  some  cases  at  all  events  a  small  quantity  of  white  connective 
A  "  fenestrated "  membrane  is  a  membrane  compot^d  of  the  same 
as  the  ptnstic  fibres,  [>eribra[Hl  irregularly  with  holes,  and  more  or 
^■■niarfced  with  indications  of  fibres;  it  may  be  regarded  as  a  feltwork  of 
>«Hie  fibres,  fused  or  beaten  out,  as  it  were  in  a  more  or  less  complete  mem- 
lome  of  the  meshe»  of  the  feltwork  remaining  as  "feneetrs"  and 
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lrace«  of  the  fibres  being  still  left.  Such  fenestrated  membranes,  eome  thick, 
some  thin,  ucciir  both  iu  the  inner  and  middle  ooats  of  the  larger  arteries; 
and  in  the  inner  coat,  usually  immediately  under  the  epithelioid  lining,  there 
is  iu  mtMit  large  arteries  a  conspicuous  membrane  of  this  kind,  sometimes  so 
thick  as  to  give  a  very  dietinot  double  outline  in  sections  of  the  artery  even 
under  moderate  powers.  Beneath  this  there  may  be  other  similar  fenestrate<l 
rucmbranes,  or  a  felt  of  line  elastic  fibres  held  together  by  a  very  small 
quantity  of  white  connective  tissue.  In  the  aorta,  and  in  some  other  arteries, 
the  epithelioid  cells  rest  immeiHateJy  not  on  an  elastic  membrane  but  on  a 
thin  layer  of  so-called  "sub  epithelittid  "  tissue,  which  consists  of  connective- 
tiseue  corpuscles  iml>e<ided  in  a  homogeneous  or  very  faintly  fibrillated 
matrix  or  ground  substauce. 

The  epithelioid  cells  are  disposed  longitudinally,  that  is,  with  their  long 
diameter^i  parallel  to  the  axis  of  the  artery,  and  a  similar  longitudinal 
arrangement  obtains  to  a  greater  or  less  extent  in  the  underlying  elastic  ele- 
ments. When  after  death  the  arteries,  emptied  of  bloo<l,  become  narrowed 
or  constricted  by  the  contraction  of  the  muscular  elements  of  the  middle 
coat,  the  inner  coat  is  thrown  iuto  longitudinal  wrinkles  or  folds,  so  that  in 
transverse  sections  of  an  artery  in  this  condition  the  inner  coat  ha:?  a  charac- 
teristic puckered  appearance.. 

The  inner  coat  is  somewhat  delicate,  and  easily  torn,  so  that  in  injuries  to 
arteries,  ns  when  an  artery  is  forcibly  ligatured,  it  is  apt  to  be  broken. 

The  middle  coat,  which  is  generally  many  times  thicker  than  the  inner 
coat,  consists  of  elastic  layers  and  muscular  layers  placed  in  more  or  less 
regular  alternation.  The  muscular  layers  consist  of  bands  of  plain  muscular 
fibres  placed  transversely  and  united  together  by  a  very  small  amount  of 
white  connective  tissue.  The  elastic  layers  consist  of  somewhat  thick  fenes- 
trated membranes  or  of  feltworks  of  elastic  fibres  running  on  the  whole 
longitudinally,  but  not  unfrequently  more  or  less  obliquely :  these  are  also 
bound  together  by  a  small  quantity  of  white  connective  tissue. 

The  outer  coat  consists  of  feltworks  of  elastic  libres,  or  in  some  instances 
of  ferfestrated  membranes,  dis|K)9ed  chiefiy  longitudinally,  and  separated  by 
bundles  of  ordinary  white  connective  tissue,  which  be<x>me  more  and  more 
predominant  in  the  outer  portions  of  the  coat,  Iu  many  arteries  bands  of 
plain  muscular  fibres  are  present  in  thia  coat  alsf»,  and  then  run  for  the  most 
part  but  not  exclusively  in  a  longitudinal  direction, 

RloodvPr^els  for  the  nourishment  of  the  tissue  of  the  walla  {vcuo  vasorum) 
are  present  in  the  larger  arteries,  being  most  abundant  in  the  outer  coat,  but 
penetrating  for  some  distance  into  the  middle  ct»at.  Nerves,  consisting  chiefly 
of  non-medullated  fibres,  may  be  traced  through  the  outer  coat  into  the 
middle  coat  where  they  appear  to  end  in  connection  with  the  muscular  fibres. 

Lastly,  in  the  case  of  most  large  arteries,  the  bed  of  connective  tissue  in 
which  the  artery  runs  is  formed  into  a  more  or  less  distinct  sheath.  In  this 
sheath,  the  white  connective  tissue  is  much  more  abundant  than  are  the 
yellow  elastic  elements,  so  that  the  aheath  is  far  less  elastic  than  the  artery. 
Hence,  when  an  artery  and  its  sheath  are  completely  cut  across,  the  artery 
Is,  by  elastic  shrinkin;;,  retracted  within  its  sheath. 

The  most  important  structural  features  of  a  large  artery  may  then  be 
summed  up,  by  siiyiug  that  the  artery  consists  of  a  thin  inner  coat  consiyting 
of  an  epithelioid  lining  resting  on  an  elastic  basis  of  no  conspicuous  thick- 
ness, of  a  thick  middle  coat  consietiug  partly  of  muscular  fibres  dispfised  for 
the  most  part  transversely,  and  partly  of  stont  clastic  elemenLs,  this  coat 
being  the  thickest  and  mr^t  important  of  all  three  coats,  and  of  an  outer 
coat  of  variable  thickness  consisting  chieily  of  elastic  elements  intermixed 
with  an  increasing  amount  of  white  connective  tissue. 
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AH  arteries  poascas  the  above  features.  It  may  further  be  said,  that  as  a 
ntnl  rule  the  muscuhir  element  beiira  a  larger  proportiou  to  the  elastic 
It  ta  the  smaller  than  in  the  lurgor  arteries,  tliat  is  to  say,  the  smaller 
mre  more  conspicuously  muscular,  anri  the  larger  arteries  more  con* 
ificuously  elastic.  It  must  be  remembered,  however,  that  the  several  arteries 
m  tbe  bt^HJy  differ  considerably  in  minor  features,  such  as  the  relative  dis- 
pootioD  and  amount  of  muscular  and  elastic  elements  in  the  middle  coat, 
tbrunoDnt  of  museular  tissue  in  the  outer  ofiat,  and  the  pro]x>rtion  of  while 
coaD«ctive  tusue  present  and  the  like :  in  the  aorta  for  instance,  a  conaider- 
tble  quantity  of  white  connective  tissue  is  present  in  the  middle  nnd,  indeed, 
to  die  tuner  coat,  sa  well  as  in  the  outer  coat.  Leaving  these  smaller  difier- 
v.r,„-j  ,,n  one  side  we  may  say.  that  while  all  three  coats,  but  esj)€cially  the 
rtant  middle  coat,  C(mtribuic  to  give  an  artery  its  characteristic  elastic 
•itii  iiit-:;.  by  virtue  of  which  it  expands  readily  under  internal  pressure,  and 
inok.-  :ii.^iu  when  the  pressure  is  removed,  it  is  the  middle  coat  which  by 
meami  of  the  abundant  circularly  disposed  muscular  fibres,  now  througli  the 
cuitmction  of  those  fibres  narrows  and  constricts,  now  through  their  relaxa- 
tion, permits  the  widening  of  the  vessel.  The  importance  of  the  inner  coat 
ii  pfmbably  centred  in  the  epithelioid  lining;  in  treating  of  blood  ($22)  we 
aw  reason  to  think  that  the  bk>odve^sels  exerted  a  marked,  though  obscure 
isfiuence  r>n  the  hUxMl  streaming  through  them  ;  that  inHucnce  in  all  proba- 
bility is  etfected  by  the  epithelioid  cells.  The  elastic  elements  of  the  inner 
t  are  probably  chiefly  of  value  in  permitting  this  coat  to  follow  the 
nges  of  the  more  important  middle  coat.  The  outer  coat  while  increas- 
the  elastic  power  of  the  whole  vessel,  is  especially  useful,  by  means  of  its 
"*  bloodvessels,  in  conveying  nourishment  to  the  middle  coat. 
HO.  77it  iwM.  These  vary  in  different  parts  of  the  body  so  ver}'  widely 
tku  it  is  difficult  to  give  a  general  description  of  structure  suitable  to  ail 
mas.  It  may  he  said,  however,  that  they  differ  from  arteries  in  having 
neh  thinner  walls,  aud  in  those  walls  containing  relatively  much  more 
«bile  cuDuective  tissue  and  much  less  yellow  elastic  tissue. 

A  large  vein  poeseeses  like  an  artery  an  inner  coat  consisting  of  an  epithe- 
lioid lining,  the  cells  of  which  are  shorter  and  broader  than  in  the  corre- 
Ipoeding  artery,  resting  on  an  elastic  basis,  which  is  less  conspicuous  than  in 
toe  corresponding  artery,  and  consists  of  a  tine  feltwork  of  fibres  rather  than 
I  fenestrated  membrane,  and  contains  more  white  connective  tissue. 

lo  a  medium-sized  vein  such  as  the  saphena  vein  it  is  possible  to  distiu- 
pnsh  ouuiide  the  inner  coat,  a  middle  and  an  outer  coat.     The   former 
orotiils  of  white  connective  tissue,  with  a  scanty  supply  of  elastic  fibres:  it 
tvntaUDS.  sometimes   in    considerably  quantity,   plain    muscular   fibres,  the 
hudUs  nf  which   form  a  meshwork,  with  the  meshes  disposed  for  the  most 
|ftrt  trknsvereely.     The  latter  consists  also  of  white  connective  tissue  with 
nme  elastic  fibres   running  longitudinally  and   obliquely,  plain  muscular 
fbrcs  being  sometimes  present  and  when  present  disposed  chiefly  in  a  longi- 
tadiiiAl  direction.     Small  vasa  vasorum  are  present  in  the  outer  coat  and 
txtotd  into  the  middle  coat.     In  many  large  veins  there  '\^  no  sharp  distinc- 
tion between  a  middle  and  outer  coat;  the  whole  wrapping  round  the  inner 
nstpts  iif  while  connective  with  a  variable  quantity  of  elastic  tissue, 
muscular  fibres  which  run  chiefly  longitu«iinally  or  obliquely  and 
may  be  very  scanty,  or  which  as  in  the  vena  portie  may  l>e  abundant, 
ctu re  of  the  veins  in  fact  varies  very  widely;  on  the  whole  they 
ntrlke  said  to  be  channels,  the  walls  of  which  are  elastic  enough  to  adapt 
tfaemsplves  t4>  considerable  variations  in  the  quantity  of  blrxid  passing  through 
^^Tn,  without  possessing,  as  do  the  arteries,  a  great  store  of  elastic  power  to 
niett  great  vmriations  in  pressure,  and  which  are  not  so  uniformly  muscular 


182 


THE    VASCULAR     MECHANISM 


and  contractile  as  are  the  arteries.  And  we  sliall  see  that  this  general  char- 
acter of  passive  channels  is  adapted  to  the  work  which  the  veins;  have  tn  do. 
This  general  charucter,  however,  is  inodifi&(i  in  certain  situation?  to  meet 
particular  wants;  thus  while  the  veins  of  the  bouea  and  of  the  brain  are 
devoid  of  mnacular  fibres^  others  auch  as  the  vena  portie  may  he  very  mus- 
cular; and  ill  some  veins  such  as  those  of  the  extremities  a  considerable 
quantity  of  elastic  tissue  is  present. 

A  mmtUe  vein  just  emerging  from  capillaries  differs  very  little  from  an 
artery  of  correspoudiug  size;  it  is  of  rather  wider  bore,  has  decidedly  1 
mu.^ular  and  elastic  tissue,  and  the  epithelioid  cells  are  shorter  and  broader 

Many  veins,  especially  those  of  the  limba,  are  provided  with  valves  [F 
54  and  55],  which  are  pouch  like  folda  of  the  inner  coat,  the  mouth  of 
pouch  looking  away  from  the  capiltnriea  toward  the  heart.  The  wall  of  each 
valve  consists  of  a  lining  of  epithelioid  cells  on  the  inside  and  on  the  outside, 
and  between  the  two  a  layer  of  white  connective  tissue  strengthened  with  a 
few  elttstic  fibres  and  somewhat  thicker  than  the  connective-tissue  basis  of 
the  epithelioid  lining  of  the  veins  generally.  The  valves  may  occur  singly 
or  may  lie  two  or  even  three  iibreast.  The  veins  of  the  viscera,  those  of  the 
centra!  nervous  system  and  its  membranes,  and  of  the  bimes.  do  not  possess 
valves. 


1^ 


Vkw  with  VALmOncN.    After  Dj^i.tom.] 


VniNs  WITH  Vai  vrs  Clo^hd.    Streanu  of  blood 
P&SflIng:  off  l>y  laterul  channel     After  Dalton.] 


$  111.  The  details  of  the  structure  of  the  peculiar  muscular  tissue  forming 
the  greater  part  of  the  heart  we  shall  reserve  to  a  later  section  ;  but  we  may 
here  say  that  the  interior  of  the  heart  is  lined  with  a  membrane  (endtt- 
eardinifi)  corresponding  to  the  inner  coat  of  the  bloodvessels,  and  cx)nsiating 
of  a  layer  of  epithelioid  cells,  which,  however,  are  shorter  and  broader  than 
in  the  bloodveasels,  bein^  polygonal  rather  than  fusifortn.  restinf;  on  a  con- 
nective tissue  basis  in  wnich  are  present  elastic  fibres  and  in  places  plmin 
muscular  fibres. 

The  valves  of  the  heart,  like  those  of  the  veins,  are  folds  of  this  lining 
membrane,  strengthened  by  a  considerable  development  of  connective  tissue. 
In  the  middle  of  the  thin  free  border  of  each  of  the  semilunar  valves  of 
the  aorta  and  pulmonary  artery  bundles  of  this  connective  tissue,  meeting 
together,  are  mixed  with  cartilage  cells  to  form  a  small  nodule  of  Hbro- 
cartilage  calle*!  the  corpus  aranfii. 

In  the  auriculo-ventricular  valves  muscular  fibres  pass  in  among  the  con- 
nective tissue  for  some  little  distance  from  the  attached  border. 

In  one  respect  the  endocardium  ditfera  from  the  inner  coal  of  the  blood- 
vessels ;  the  connective  tissue  iu  it  bears  bloodvessels  and  lymphatics.     In 
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of  the  auriculo-ventricular  valvea  these  bioodveasela  of  the  endo- 
im  trayene  the  whole  valve^  but  in  the  case  of  the  semilutmr  valves 
ttpptboit  near  the  attached  border,  so  that  the  greater  part  of  the  valve  is 

Mam  Features  of  the  Apparaiua. 

We  may  now  piuw  briefly  in   review  some  of  the  main  features  of 
parta  of  the   vascular   apparatus,   heart,   arteries,  veins,  and 
illariea. 

le  heart  is  a  muscular  pump — that  is.  a  pump  the  force  of  whose  strokes 
■  mpplied  by  the  contraction  of  muscular  tibres  working  intermittentlv.  the 
ttnkes  being  repeated  so  many  times  (in  man  about  72  times)  a  mmute. 
It  k  so  constructed  and  furnished  with  valves  in  such  a  way  that  at  each 
itroke  it  drives  n  certain  quantity  of  blood  with  a  certain  force,  and  a  certain 
nfidity  from  the  left  ventricle  into  the  aorta,  and  so  into  the  arteries,  receiv- 
iig  dttring  the  stmke  and  the  interval  between  that  stroke  and  the  next  the 
■BM  quantity  of  blood  from  the  veins  into  the  right  auricle.  We  <unit  for 
ifllplieity's  take  the  ])ulmonarY  circulation  by  which  the  same  quantity  of 
yood  is  driven  at  the  stroke  from  the  right  ventricle  into  the  lungs  and 
Tseeired  into  the  left-  nuricle.  The  rhythm  of  the  beat,  that  is  the  frequency 
</  repetition  of  the  strokes,  and  the  characters  of  each  beat  or  stroke,  are 
<ie(ermiDed  by  changes  taking  place  in  the  tissues  of  the  heart  itself,  tlmugh 
the?  are  also  inHueuc-ed  by  causes  working  from  without. 

the  arteries  are  tubee,  with  relatively  sUjut  walls,  branching  from  the 
lorta  all  over  the  body.  The  comtitution  of  their  walls,  as  we  have  seen, 
specially  of  their  middle  coat,  gives  the  arteries  two  salient  properties.  In 
tiie  Snt  place  they  are  very  eiadic,  in  the  si^nse  that  they  will  stretch  readily, 
both  length wi^  and  crosswise,  when  pulled,  and  return  readily  to  their 
faranr  size  and  shape  when  the  pull  is  taken  otf.  If  fluid  be  driven  into  one 
«d  of  a  piece  of  artery,  the  other  end  of  which  is  tied,  the  artery  will  swell 
out  Co  a  very  great  extent,  but  return  immediately  to  its  former  calibre  when 
ibe  fluid  is  let  out.  This  elasticity  is,  as  we  have  seen,  chiefly  due  to  the 
fllitic  alements  in  the  coats,  elnstio  membranes,  and  fcltworks,  but  the  mus- 
nkr  fibres,  being  themHelves  also  elastic,  contribute  to  the  result.  By  reaaon 
tf  tbcir  nfiwwing  such  stout,  elastic  walU,  the  arteries  when  empty  do  not 
vDapee,  out  remain  as  open  tulx^.  In  the  second  place  the  arteries,  by  virtue 
rf  their  muscular  elements,  are  eontraHUe  :  when  stimulated  either  directly, 
It  by  applying  an  electric  or  mechanical  stimulus  to  the  arterial  walls,  or 
iwvetly,  by  meaiu  of  the  so-called  vasomotor  nerves,  which  we  shall  have 
to  0ady  presently,  the  arteries  shrink  in  calibre,  the  circularly  disposed 
■asettlar  fibres  contracting,  and  so,  in  proportion  to  the  amount  of  their 
QOBtrsctiou,  narrowing  the  lumen  or  bore  of  the  veesel.  The  ctmtraction  of 
iksM  arterial  muscular  fibres,  like  that  of  all  plain,  non  striated  muscular 
fiirai^  is  slow  and  long-continued,  with  a  long  Intent  period,  as  compared 
vith  the  contraction  of  skeletal  striated  muscular  Hbroa.  Owing  to  this 
UscuW  element  in  the  arterial  walls,  the  calibre  of  an  artery  may  be  very 
Biirnw  or  \*ery  wi<ie,  or  in  an  interme<liate  condition  l)etween  the  two, 
whn  very  narrow  nor  very  wide,  according  as  the  muscular  Hbres  are  very 
tOflk  oontTHCted  or  not  contracted  at  all,  or  only  modenilely  contracted. 
We  have  further  seen  that,  while  the  relative  proporti(m  of  elastic  and 
VMeoUr  elements  difters  in  diflerent  arteries,  us  a  general  rule  the  elastic 
^•OMnilff  predominate  in  the  larger  arterici*  and  the  mustmlar  elements  in 
tlu  Msaller  arteries,  so  that  the  larger  arteries  may  be  S|>oken  of  as  eminently 
^tec,  or  as  especially  useful  on  account  of  their  elastic  proporties,  and  the 
arleries  ta  eminently  muscular,  or  as  especially  useful  on  account  of 
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their  muscular  properties.     Thus,  in  the  minute  arteries  which  nre  just  piurtF^ 
ing  into  capillariea  the  musciihu"  coat,  though  composed  often  of  a  single 
layer,  and  that  fionictiniea  an  inij>eri'ect  oue,  of  musciihir  fihrea,  is  a  much 
more  conspicuous  and  important  part  of  the  arterial  wall  than  that  furnished 
by  the  elai^tic  elements. 

The  arteries  branching  out  from  a  single  aorta  down  to  multitudinous 
capillaries  in  nearly  every  part  of  the  body  dimiEish  in  bore  ad  they  divide. 
Where  an  artery  divides  into  two  or  gives  ofl  a  hi-anch,  though  the  bore  of 
each  division  is  less  than  that  of  the  artery  before  the  division  or  branching, 
the  two  together  are  greater;  that  is  to  say,  the  unitetl  sectional  area  of  the 
branches  is  greater  than  the  sectional  area  of  the  trunk.  Hence,  the  sec- 
tional area  of  the  arterial  bed  through  which  the  blood  flows  goes  on  increas- 
ing from  the  aorta  to  the  capillaries.  If  all  the  arterial  branches  were  thrown 
together  into  one  channel,  this  would  form  a  hollow  cone  with  its  apex  at 
the  iiortii  and  its  base  at  the  cupillaries.  Tlie  united  sectional  area  of  the 
capillaries  may  be  taken  as  several  hundred  times  that  of  the  sectional  area 
of  the  aorta^  so  greatly  does  the  arterial  bed  widen  out. 

The  capillnricfl  are  channels  of  variahle  bnt  exceedingly  small  size.  The 
thin  sheet  of  cemented  epithelioid  plates  which  f«»rms  the  only  wall  of  a 
capillary  is  elastic,  permitting  the  channel  otlereil  by  the  same  capillary  to 
diner  much  in  width  at  different  times,  to  widen  when  blood  and  blood- 
corpuscIcH  are  being  pressed  through  it  and  to  narrow  again  when  the 
pressure  \s  loosened  or  cut  off.  The  same  thin  sheet  permits  water  and  sub- 
stances, including  gases,  in  solution  to  pass  through  itself  from  the  blood  to 
the  tissue  outside  the  capillary,  and  from  the  tissue  to  the  blood,  and  thus 
carries  on  the  interchange  of  material  between  the  blood  and  the  tissue.  In 
certain  circumstauces,  at  all  events,  white  and  even  red  corpusclee  may  also 
pass  through  the  wall  to  the  tissue  outside. 

The  minute  arteries  and  veins  with  which  the  capillaries  are  continuous 
allow  of  a  similar  interchange  of  material,  the  more  so  the  smaller  they  are. 

The  walla  of  the  veins  are  thinner,  weaker,  and  less  elastic  than  those  of 
the  arteries,  and  pus^iess  a  very  variable  amount  of  muscular  tissue;  they 
collapse  when  the  veins  are  empty.  Though  all  veins  are  more  or  le^  elastic, 
and  some  veins  are  distinctly  muscular,  the  veins  as  a  whole  cannot,  like  the 
arteries,  be  characterized  as  eminentlyi elastic  and  contractile  tubes:  they 
are  rather  to  be  regarded  as  simple  channels  for  conveying  the  blood  irom 
the  capillaries  to  the  heart,  having  just  so  much  elasticity  as  will  enable 
them  to  accommodate  themselves  to  the  quantity  of  blood  passing  through 
them,  the  same  vein  being  at  one  time  fuH  and  distended,  and  at  another 
time  empty  and  shrunk,  and  only  gifted  with  any  great  amount  of  muscular 
contractility  in  special  cases  for  special  reasons.  The  united  sectional  area 
of  the  veins,  tike  thai  of  the  arteries,  dimiuishes  from  the  capillaries  to  the 
heart ;  btit  the  united  sectional  area  of  the  vena?  cavae  at  their  junction  with 
the  right  auricle  is  greater  than,  nearly  twice  as  great  as,  that  of  the  aorta 
at  its  origin.  The  total  capacity  also  of  the  veins  is  much  greater  than  that 
of  the  arteries.  The  veins  alone  can  hold  the  total  mass  of  bloo<i  which  in 
life  is  distributed  over  l>oth  arteries  and  veins.  Indeed,  nearly  the  whole 
blood  is  capable  of  lieing  received  by  what  is  merely  a  part  of  the  venous 
system,  viz.,  the  vena  porta  and  its  branches. 

The  Main  Facis  ov  the  Circulation. 

§  113.  Before  we  atttempt  to  study  in  detail  the  working  of  these  aevenl    ' 
parts  of  the  mechanism,  it  will  be  well,  even  at  the  risk  of  some  future  repe- 
tition, to  take  a  very  brief  survey  of  some  of  the  salient  points. 
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'  At  Mch  beat  of  the  heart,  ^'hich  in  man  is  repeated  almiit  72  times  a 
Doratc  the  contraction  or  systole  of  the  ventricles  drives  a  certain  quantity 
tf  blood,  probably  amounting  to  about  \>iO  c.c  (4  to  (>  oz.),  with  very  great 
ibne  into  the  aorta  (and  the  mme  quantity  of  blood  with  lesn  force  into  the 
pulmonary  arterv.  The  discharge  of  blood  from  the  ventricle  into  the 
lOfta  b  vePr'  rapid,  and  the  time  taken  up  by  it  is,  ns  we  shall  see,  much  less 
tian  the  time  which  intervenes  between  it  and  the  next  discharge  of  the  next 
beat.  So  that  the  How  from  the  heart  into  the  arteries  is  most  distinctly 
iBiermittent,  sudden  rapid  discharges  alternating  with  relatively  long  inter- 
^H  nla  during  which  the  arteries  receive  no  blood  from  the  heart. 
^B^  At  each  iK^at  of  the  heart  just  an  much  bUtfn\  flows,  as  we  shall  see,  from 
^■kjreiua  into  the  right  auricle  tu  escapes  from  the  loft  ventricle  into  the 
^HpMfe;  but,  as  we  shall  also  see,  this  iuHow  la  much  slower,  takes  a  longer 
^^6me,  than  the  discharge  from  the  ventricle. 

!  When  the  finger  is  placed  on  an  artery  in  the  living  body  a  sense  of  resist- 

anoe  is  felt,  and  this  resistance  seems  to  be  increased  at  intervals,  correspond- 
ing to  the  heflrl-bcats,  the  artery  at  each  heart-beat  being  felt  to  rise  up  or 
ttMud  under  the  finger,  e4>ustituting  what  we  shall  study  hereafter  as /Ac 
noc  In  certain  anerie*  this  pulse  may  be  seen  by  the  eye.  When  the 
•Mer  ie  similarly  placed  on  a  cx>rresp<mding  vein  very  little  resistauce  is  felt, 
iM,  under  onlinary  circumstances,  no  pulse  can  be  perceived  by  the  touch 
or  by  ibe  eye. 

\>  hen  an  artery  is  severed,  the  flow  of  blood  from  the  proximal  cut  end, 

that  00  the  heart  side,  is  not  equable,  but  comes  in  jets,  corresponding  to  the 

heart-beats,  though  the  flow  does  not  cease  between  the  jets.     The  blood  is 

efeeted  with  considerable  force,  and  may  in  a  large  artery  of  a  large  animal 

n  ffpurted  out  to  the  distance  of  some  Ifeet.     The  larger  the  arter\-  and  the 

■MMT  lo  the  heart,  the  greater  the  force  with  which  the  blood  issues,  and 

the  more  marked  the  intermittenoe  of  the  flow.    The  flow  from  the  distal  cut 

mdf  that  away  from  the  heart,  may  be  very  slight,  or  may  take  place  with 

fluiwidcil  nble  force  and  marked   intermittence,  according  to  the  amount  of 

«ollatoraI  communication. 

Wben  a  corresponding  vein  is  severed,  the  flow  of  blood,  which  is  chiefly 

I       from  the  distal  cut  end,  that  in  connection  with  the  capillaries,  is  not  jerked 

but  cinitinuous :    the  blood  comes  out  with  comparatively  little  force,  and 

'wflls  un"  rather  than  "spurts  out."    The  flow  from  the  proximal  cut  end, 

ibat  on  the  heart  side,  may  amount   to  nothing  at  all,  or  may  be  slight,  or 

!       may  be  considerahle,  depending  on  the  presenoe  or  absenoo  of  valves  and  the 

I       UMMint  of  collateral  communication. 

^H^  Wliea  an  artery  is  ligatured  the  vessel  swells  on  the  proximal  side,  toward 
^Hjbc  heart,  and  the  throbbing  of  the  pulse  may  be  felt  right  up  to  the  liga- 
^Btira.  On  the  distal  side  the  vessel  is  empty  and  shrunk,  and  no  pulse  can 
^^k  felt  in  it  unless  there  be  free  collHteral  communication, 
^H  Wheii  a  vein  is  ligatured  the  vessel  swells  on  the  distal  side,  away  from 
^f  th«  heart,  but  m»  pulse  is  felt;  while  on  the  proximal  side,  toward  the  heart, 
f       it  it  empty  and  collapset]  unless  there  be  too  free  wjllatcral  communication. 

S  114.  SVhen  the  interior  of  an  artery — for  instance,  the  carotid — is  placed 
in  communicalion  with  a  long  glass  tube  of  not  too  great  a  bore,  held  verti- 
tsiW,  the  hlwxl,  immediately  upon  the  communication  being  eflected.  may 
Wkca  lo  rush  into  and  to  till  the  tube  for  a  certain  distance,  forming  in  it 
tculumn  of  blood  of  a  certain  height.  The  column  rises  not  steadily,  but 
l^imps.  each  leap  correeponding  to  a  he4irt-beat,  and  each  leap  being  leas 
<W  its  predecessor ;  ana  this  goes  on,  the  increase  in  the  height  of  the 
Mlnain  at  each  heart-beat  each  time  diminishing,  until  at  last  the  column 
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ceased  to  rise  aud  remains  for  a  while  at  a  raeau  level,  above  snd  below  wliich 
it  oscillates  with  sli^lit  excursions  at  each  heart-beat. 

To  introduce  auch  a  tube  an  iirter>' — say  the  carotid  of  a  rabbit — is  laid  bare, 
lif^atured  at  a  convenient  spot,  T  Fig.  56,  and  further  temporarily  closed  a  little 
distance  lower  down  nearer  the  heart  by  ti  small  pair  of  "  dqII  do^  "  forcepa,  bd, 
or  by  a  lij;ature  which  can  be  easily  slipped.  A  longitudinal  incision  is  now  made 
in  the  artery  between  the  forceps,  hd,  and  the  ligature  /'  (only  the  drop  or  two  of 
blood  which  happens  to  retnuin  inclosed  between  the  two  being  lost);  the  end  of 
the  tube,  represented  by  c  in  ihe  figure,  is  introduced  into  ttie  artcr>'  and  secured 
by  the  lijfalure  I-  The  interior  of  the  tube  ia  now  in  free  conimuuicatioii  with  the 
interior  of  the  artery,  Init  the  latter  is  by  means  of  (he  forceps  at  present  shut  off 
from  the  heart.  On  removing  the  ibrceps  a  direct  (yjuiiuunication  is  at  once  estab- 
lished between  the  lube  and  the  artery  below;  inconsequence  the  blcjod  from  the 
heart  flows  through  the  artery  into  the  tube. 

This  experiment  shows  that  the  blood  as  it  is  (lowing  into  the  carotid  is 
exerting  a  cnnaiderahle  pressure  on  the  walla  of  the  artery.  At  the  moment 
when  the  forceps  are  reraoved  there  is  nothing  but  the  ordinary  pressure  of 
the  atra^jsphere  to  counterbalance  this  pressure  within  the  artery,  and  con- 
sequeutly  a  qnnntity  of  blood  is  pressed  out  into  the  tube ;  and  this  goes  on 
until  the  ciiluniu  of  blood  in  the  tul>e  reaches  such  a  heiglit  that  its  weight  ia 
equal  to  the  pressure  within  the  artery,  whereu|>on  uo  more  blood  escaj>e«. 
Tne  whole  cokmin  continues  to  be  raised  a  little  at  each  heart-beat,  but  sinks 
as  much  during  the  interval  between  each  two  beats,  and  thus  oscillates,  as 
we  have  said,  above  and  below  a  mean  level.  In  a  rabbit  this  column  of 
blood  will  generally  have  the  height  of  about  90  cm.  (3  feet)  ;  that  is  to  say, 
the  presfure  which  the  blood  exerts  on  the  walla  of  the  carotid  of  a  rabbit  ia 
equal  to  the  pressure  exerted  by  a  column  of  rabbit's  bloud  90  cm.  high. 
This  is  equal  to  the  pressure  of  a  column  of  water  about  95  cm.  high,  and  to 
the  pressure  of  a  column  of  mercury  about  70  mm.  high. 

If  a  like  tube  be  similarly  introduced  into  a  corresponding  vein — say  the 
jugular  vein — it  will  he  found  that  the  column  of  bloml,  similarly  formed  in 
the  tube,  will  l>e  a  very  low  one,  not  more  than  a  very  few  centimetres  high, 
and  that  while  the  level  of  the  column  may  vary  a  good  deal,  owing,  as  we 
shall  see  later,  to  the  iutiuence  of  the  respiratory  movement,  there  will  not 
as  in  the  artery,  be  oscillations  correaponding  t4j  the  heart-beats. 

We  learn,  then,  from  this  simple  exjieriment,  that  in  the  carotid  of  the 
rabbit  the  blood  while  it  tiows  through  that  vessel  is  exerting  a  considerable 
mean  pressure  on  the  arterial  walls,  eiiuivalent  to  that  of  a  column  of  mer- 
cury about  70  mm.  high,  hut  that  in  the  jugular  vein  the  blood  exerts  on 
the  venous  walls  a  very  slight  mean  pressure,  equivalent  to  that  of  a  column 
of  mercury  .3  or  4  mm.  high.  We  e[>eHk  of  this  mejin  pressure  exerteti  by 
the  blood  on  the  walls  of  the  bloodvessels  ns  bhod-prejsjftnr.  and  we  say  that 
the  blood- pressure  in  the  carotid  of  the  rabbit  ia  very  high  (70  mm.  Hg.), 
while  that  in  the  jugular  vein  is  very  low  (only  3  or  4  mm,  Hg.). 

In  the  normal  stale  of  tilings  the  bio{>d  Hows  through  the  carotid  to  the 
arterial  branches  beyond,  and  through  the  jugular  vein  toward  the  heart; 
the  pressure  exerted  by  the  blood  on  the  artery  or  on  the  vein  is  a  kUercd 
pressure  on  the  walls  ot  the  artery  and  vein,  respectively.  In  the  above  ex- 
|>eriment  the  pressure  measure<i  is  not  exactly  this,  but  the  pressure  exerted 
at  the  end  of  the  artery  (or  of  the  vein)  where  the  tube  ia  attached.  We 
might  directly  measure  the  lateral  pressure  vn  the  carotid  by  somewhat 
modifying  the  procedure  described  above.  We  might  connect  the  carotid 
with  n  tube  the  end  of  which  was  not  straight,  but  made  in  the  form  of  a 
T- piece,  and  might  introduce  the  T-jMcce  in  such  a  way  that  the  blood 
should  How  along  one  limb  (the  vertical    limb)    of  the  T-piece  from  the 
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illto  V|ipv  t<Kbl-ti*n<l  ivtrncr  ts  M-vti,  on  «)i  ctiUi^td  KAle.  tbc  CHmtld  urter>.  ('Iaiii)w«l  hj  tbfl 
%i9l^  With  tbe  Tiigii*  iwnri*  >■  lying  by  itn  nlMf .  The  nrtcry  haii  tieen  litpauntl  at  F  ami  ttif  glnv 
*Mtrfai»tWRa  lntxuduee«l  liitu  iboa.rt4!r>-  bclwceiitbi'  lljpiturc /* and  ibe  IbrvviM M,  and  Mcured 
^fiMttan  tiT  ttw  llteiktnn!>  t.    Tb«  thrankaa  trt^rr  on  ihe  rlifttnl  side  of  the  canuln  1»  tren  at  os'. 

M^  ft  box  coiitJilnlDK  a  bnttl«  httldln;  a  ftatursTiH)  KtluUnm  of  mdiam  carhnnalo  or  a  tolti- 
*■  rf  tadlniD  bturbuiiBte  of  »p-  nr.  ]0<3.  and  nitiable  of  being  nUseil  or  lowered  at  pleasaro. 
bjr  tlitr  tube  p.t  rvgulatwil  by  tbe  clump  r^  into  the  tube  (.    A  Ryrlnge,  with  a  fU*^ 
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proximal  lo  the  distftl  part  oFthe  canHid,  an<3  at  the  same  time  by  the  other 
(horizontal)  liiuh  of  ihe  Tpiene  into  the  main  upright  part  of  the  glass 
tube.  The  column  of  blood  in  the  tube  would  then  be  a  measure  of  the 
pressure  which  the  bluod  as  it  is  iluwiag  iiloug  the  carotid  ia  exerting  on  a 
portion  of  its  walla  corresponding  to  the  mouth  of  the  horizontal  limb  of  the 
T-pi€ce.  If  we  were  to  introduce  into  the  aorta,  at  the  place  of  origin  of  the 
carotid,  a  einiiiar  i  larj^er)  Tpicce,  and  to  connect  the  glass  lube  with  the 
horizontal  limb  of  the  T-piece  by  a  piece  of  elastic  tubing  of  the  same  length 
and  bore  as  the  carotid,  the  column  of  bhiod  rising  up  in  the  tube  would  be 
the  nieaHure  of  the  lateral  pressure  exerted  hv  the  blood  on  the  walls  ot  the 
aorta  at  the  orij^in  of  the  carotid  artery  and  transmitted  t<>  the  rigid  glass 
tube  through  a  certain  length  of  elastic  tubing-  And,  indeed,  what  ia 
measured  in  the  experiment  previously  described  is  not  the  lateral  pressure 
in  the  carotid  itself  at  the  spot  where  the  glass  tube  is  introduced,  but  the 
lateral  pressure  ot  the  aorta  at  the  origin  of  the  carotid  modifie<l  by  the 
influences  exerted  by  the  length  of  the  carotid  between  its  origin  and  the 
»pot  where  the  tube  is  introduced. 

§  116.  Such  an  experiment  as  the  one  described  has  the  disadvantages 
that  the  animal  is  weakened  by  the  loss  of  the  blood  which  goes  to  form  the 
column  in  the  tube,  and  that  the  bloud  in  the  tube  soon  clots,  and  so  brings 
the  experiment  lo  un  end.  Blood-pres-sure  may  be  more  conveniently  studied 
by  connecting  the  interior  of  the  artery  (or  vein)  with  a  mercury  gauge  or 
manometer  (Fig.  56)  the  proximal  descending  limb  of  which,  m,  is  tilled 
above  the  mercury  with  some  innocuous  fluid,  as  ia  also  the  tube  connecting 
the  manometer  with  the  artery.  losing  such  an  instrument,  we  should 
obeerve  very  much  the  same  facts  as  in  the  more  simple  experiment. 

Immediately  that  communication  is  established  between  the  iuterior  of 
the  artery  and  the  manometer,  blodd  rushes  from  the  former  into  the  latter, 
driving  some  of  the  mercury  fnim  the  descending  limb,  tm,  into  the  ascending 
limb,  m',  and  thus  causing  the  level  of  the  mercury  in  the  ascending  limb  to 
rise  rapidly.  This  rise  is  marked  by  jerks  corresponding  with  the  heart- 
beats. Having  reached  a  certain  level,  the  mercury  ceases  to  rise  any  more. 
It  does  not,  however,  remain  absolutely  at  rest,  but  nndergi>e8  oscillations ; 
it  keeps  rising  and  fulling.  Each  rise,  which  la  very  slight  compared  with 
the  total  height  to  which  the  mercury  has  risen,  has  the  Rame  rhythm  as  the 
systole  of  the  ventricle.     Similarly,  each  fall  corresponds  with  the  diastole. 

If  a  float,  swimming  on  the  top  of  the  mercury  in  the  ascending  limb  of 
the  manometer,  and  bearing  a  brush  or  other  marker,  be  brought  t*i  hear  on 
B  travelling  surface,  some  such  tracing  as  that  represented  iu  Fig.  o7  will  be 
described.  Each  of  the  smaller  curves  (pp)  corresponds  to  a  heart-beat, 
the  rise  corresponding  to  the  systole  and  the  fkll  to  the  diastole  of  the  ven- 


oork,  may  be  subeUtuted  for  the  bottle,  and  attacbed  at  e".  TbLi,  indeed,  ti  in  many  re«r«ct«  a 
more  convenient  plan.  The  t\ibe  t  is  oonnectfd  vrtlli  the  leaden  tube  t,  and  the  Ktnpcock  €  wltb  the 
xnanuuieter,  of  which  m  is  the  deseeotlln^  and  m'  the  asceiidinf;  tlmb,  and  .■  the  Kiipport.  The  mvr- 
Gur>-  111  the  ascending  Umb  bean  on  tta  f>ur(kce  the  doat  /.  a  long  rod  attached  to  which  is  fitted 
vlib  the  K-n  p,  wriUng  on  the  recording  Hnrface  r.  The  clarap  rt.  at  the  end  of  iho  tabe  t  has  an 
aimuKeinent  ithuwn  ou  a  larger  scale  at  the  rlKht-band  upper  corner. 

The  descending  tube  m  of  the  manometer  and  the  tnbe  t  being  completely  filled  along  itf  whole 
length  wRb  llufd  to  the  e.Tclnsiou  of  ull  air.  the  cannla  c  is  BUed  with  fluid,  slipped  Into  the  open 
end  of  the  tbiclc-waliod  Judiu-rubber  tube  /,  uuUl  li  meets  Uie  tube  (  (wbofe  {)0«iUon  within  the 
IndlarublMif  tube  lit  Mutv,  n  by  the  dotted  Unefi),  and  in  then  ftecun-ly  fixed  la  thin  poaltlon  by  the 
vlamp  d. 

The  Btopoocks  c  and  r"  are  now  Qpene<l,  and  tho  pnaniire  Ixntle  mlsed  or  flnM  dri\*en  in  by  the 
syringe  iintli  the  mercury  in  the  manometer  is  raiwd  to  the  re»^ulred  height.  The  clamp  c"  Is  then 
clOBud  and  the  forceps  bd  removud  from  the  artcr>'-  'I'he  preesurv  of  the  bhKMl  In  the  oacoUd  ea  U 
in  conseqtionoe  brought  lu  bear  through  t  upon  the  mercnr}*  in  the  niamnueter. 
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trick.     The  larger  undulations  (r  r)  in  the  tracings  which  are  respiratory 
ia  origin,  will  be  dist-usBed  hereailer.     In  Fig.  *'»8  are  giveu  two  tracings 


Pio.  57. 


TiufJVfo  or  Artkkjal  Phes^che  with  a  Mckcckt  Mandmetcr. 
■Bller  «urr«  p  ^  are  the  palie-curroi.    Tho  tpaoe  rmm  r  to  r  embraces  a  rei|ilr«tory  tuulu- 
Tb«  imeinc  li  lakeo  fton  a  dog,  and  tbe  Irrctrul'^tl^  risible  In  It  are  tboee  nvquentljr  met 
witii  Id  tliia  animal. 


taken  from  tbe  carotid  of  a  rabbit ;  in  the  lower  curve  the  recording  surface 
m  trmTelting  more  rapidly  than  in  the  upper  curve;  otherwise  the  curves  are 
Alike  and  repeat  tbe  general  features  of  the  curve  frotu  the  dog. 


PIO.  &a. 


\.^/'\J\J\j*-.J^ 


BuiOtH 


ac  CORVi:^  ntoH  thr  Cxnorih  ov  Rahbit,  tuk  Tine  Uarkeb 

IN   tiACll  CAHR  MaMKIMI  8n»NM. 

rif^ti'/fi  of  erperiiiient.  In  a  carotid,  or  other  bluodvesfiel,  prepared  as  ex- 
I.  a  Miifitl  filaia  tube,  of  suitable  bore,  called  a  conuhi  is  iutroauoed  by  the 
f^cwribed  fthtivo,  and  ia  subsequently  connected,  by  means  of  a  short 
of  Ifiiliit-rubber  tubinjr  (Fig.  .V.  (').  aiii.1  a  leiulpn  or  otlicr  tube  f  which  is  at 
flexible  and  yet  not  extensible,  with  the  ()e>u*i*ni]iti^  limb,  ni,  of  the  mano' 
■Mar  or  mercury  >^ukC'  The  canulii.  tiihu,  And  desocnditii;  limb  of  the  mnno- 
matmr  are  all  tilled  with  Aomc  fluid,  which  tends  to  prevent  clotting  of  the  blood, 
cb»  one  ehosoo  beiuK  geucrully  a  stroD^  solution  (sp.  gr.  ]{}A'S)  of  sodium  bioar* 
Waatie.  bat  other  finuU  may  be  ohoseu.  In  onlcr  tu  avoid  loss  of  blood,  a  quan- 
tiljr  uf  fluid  is  iojected  into  the  flexible  tube  sufficient  to  raise  the  mercury  in  the 
MModin^;  limb  of  the  manometer  to  a  level  a  very  little  below  what  may  be 
fc«fuH  hand  guessed  at  n.s  the  probable  mean  pressure.  When  the  fnrceps /«/ are 
immnvr^i.  (he  pressure  of  the  blood  in  the  citmtid  is  tranFtmitted  throueh  the 
flexi^'  >  the  manometer,  the  level  of  the  mercury  in  the  asceiidim?  limb 

of  w!  t  little,  ur  sinks  a  little  at  firr^l,  ur  may  do  neither,  mecordinff  l^)  the 

flUeoc^^  vrrin  which  the  prubable  meau  pressure  ha^  been  Kueased.  and  continues  to 
^IiSInI  the  idiaractcrij^tic  oscillations  until  the  experiment  ia  brought  to  an  end  by 
"  uloiiini;  ur  othcrwiito. 

of  the  movemcnifl  of  the  column  r»f  uiercury  in  the  manometer  may 

«itfacr  on  a  soiokcd  surface  of  a  revolving  cylinder  (Fig.  It ).  or  by  meana 

A  brvali  and  ink  on  a  continuous  rvU  of  paper,  as  iu  the  more  complex  kymo- 

iph  (Fi«.  59). 
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§  116.  By  the  help  of  ihe  mouomtiter  applied  to  variuiu  arterieii  aod  veixu 
we  learu  thu  fblliiwinj^  facta: 

1.  The  mean  bKKxi-pressure  is  high  io  all  the  arteriet},  but  is  greater  iii 
the  larger  arteries  uearer  the  heart  than  iu  the  isiualler  arteries  further  from 
the  heart;  it  diminishes,  iu  fact,  ahiiig  the  anerial  trari  from  the  heart 
toward  the  cHpillaries. 

2.  The  mean  blrMxl-pressure  is  low  in  the  veins  but  is  greater  iu  the 
smaller  veins  nearer  the  capillaries  than  in  the  larger  veins  nearer  the  heart, 
diminishing,  iu  fact,  from  the  capillaries  to^vard  the  heart.  In  the  large 
veins  uear  the  heart  it  may  be  nefjniive,  that  is  to  say,  the  pressurt'  of  bUKxl 
in  the  vein  bearing  on  the  proximal  descending  limb  of  the  munotneter  may 
l>e  \osA  than  the  ]>rcjwure  of  the  almosphere  on  the  ascending  distal  limb,  so 
that  when  communication  is  made  betweeu  the  interior  of  the  vein  and  the 
roanometer,  the  mercury  sinks  iu  the  distal  and  rises  iu  the  proximal  limb» 
being  sucked  up  toward  the  vein. 


LtiDwui'4  KvvuuRAra  tvm  Kiiivmoim  u*  a  Oownrti'ODi  Bou.  or  Vxwwit. 

The  manomeier  cannot  well  be  applied  to  the  eohillaries,  but  we  nwr 
measure  the  MocmI- pressure  in  the  onpillarirs  in  an  indirect  wav.  It  ie  wcfl 
known  thai  when  any  portion  of  the  skin  is  pnrwcd  upon,  it  (lecomei  pale 
and  hloiHlIe^s  ;  this  is  due  to  the  pre^ure  driving  the  1>khhI  out  of  the  captl* 
larifs  ttiid  minute  vc**cls  nnci  preventing  any  frcrh  \y\i)*A  entering  into  them. 
By  can'fiilly  inv^tigntinij  the  amount  of  pressure  necessary  to  prevent  the 
bliMMl  entering  the  capillaries  and  minute  arteries  of  the  web  ol  the  frog'a^ 
f'Hit,  or  of  the  nkin  beneath  the  nail  or  elsewhere  in  man,  the  internal  pi 
sure  which  the  blood  is  exercising  on  the  wulU  of  the  capillaries  and 
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veins  may  be  approximately  determined.     In  the  frog's  web 

found  to  be  equal  to  about  7  or  11  mm.  of  mercury.     In  the 

iramai  Ihe  rupillary  blood-prestjuro  is  naturally  higher  than  this  and  may 

put  down  at  from  20  to  IM)  mm.     It  is,  therefore,  considerable,   Ijeing 

than  that  in  the  veins  thnugh  less  than  that  in  the  arteries. 
3.  There  is  thus  a  continued  decline  of  blood-pressure  from  the  root  of 
Um  aorta,  through  the  arteries,  capillaries,  and  veins  to  the  right  auricle. 
Wb  find,  however,  on  examiniitiun  that  the  moet  marke<l  fall  of  pre^ure 
takra  place  between  the  sntall  arteries  on  the  one  side  of  the  capillaries  and 
tboimall  veini)  on  the  other,  the  curve  of  preseure  being  somewhat  of  the 
Ibnn  given  in  Fig.  60,  which  is  simply  intenaed  to  show  this  fact  graphically 
and  bai  act  been  constructed  by  exact  measurementtt. 

Flo.  M. 


luloire 


DlAOOAX    or  BLOOP-PRli»DHE. 

J.  Arteries ;  P.  perlpberml  region  (mlnnte  uterlm,  capUUirtes,  and  veini) ;  ('  vein*. 

the  arteries  this  mean    pressure  is  marked    by  oscillations  corre- 

to  the  heart  bests,  each  oscillation  consisting  of  a  rise  (increase  of 

above  the   mean)  corresponding  to  the   systole  of   the  ventricle, 

red  by  a  fall  (decrease  of  pressure  below  the  mean)  corresponding  to 

diastole  of  the  ventricle. 

5.  These  oscillations,  which  we  may  speak  of  as  the  pulse,  are  largest  and 

conspicuous  in  the  targe  arteries  near  the  heart,  diminish  from  tue  heart 

the  capillaries,  and  are,  under  ordinary  circumstances,  wholly  absent 

from  the  veins  along  their  whole  extent  from  the  capillaries  to  the  heart. 

Obviously  a  great  change  takes  place  in  that  [>orti<)n  of  the  circulation 
vhicb  comprises  the  capillaries,  the  minute  arteries  leading  to  and  the  minute 
v«ai  leading  away  from  the  cupi  Maries,  and  which  we  may  speak  of  aa  the 
"ptripheral  region."  It  is  here  that  a  great  dropof  pressure  takes  place;  it' 
ii  here  also  that  the  pulse  disappears. 

'  i  117.  If  the  web  of  a  frogs  foot  be  examined  with  a  microscope,  the 
t*od,  ab  judged  of  by  the  movements  of  the  corpuscles,  is  seen  to  be  passing 
continuous  stream  from  the  small  arteries  through  the  capillaries  to  the 
The  vehH?ity  is  greater  in  the  arteries  than  in  the  veins,  and  greater 
than  in  the  capillaries.  In  the  arteries  faint  pulsations,  synchronous 
ihe  heart's  beat,  are  frequently  visible  ;  but  these  disappear  in  the 
ca|>illarir8,  in  which  the  Dow  is  even,  that  is,  not  bmken  by  pulsations,  and 
tiui  evenneiB  of  tlow  \»  continued  on  along  the  veiut*  as  far  as  we  can  trace 
tkwii,  >'o<  infrequently  variations  in  velocity  and  in  the  distribution  of 
tba  blood,  due  to  causes  which  will  be  hereafter  discussed,  are  witnessed  from 
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The  character  of  the  flow  through  the  smaller  capillaries  is  very  variable. 
Sometimes  the  curpuscles  are  &eeu  passiu^  through  tbe  chaunel  iu  single  tile 
with  great  regularity ;  at  other  times  they  may  be  few  and  far  between. 
Some  of  the  capillaries,  as  we  have  said  in  §  107,  are  wide  enough  to  permit 
two  or  more  corpuscles  abreast.  In  all  cases  the  bloixl  as  it  passes  through 
the  capillary  stretches  and  expands  Lhe  walls.  Sometimes  a  corpuscle  may 
remain  stationary  at  the  onirance  intii  a  capillary,  the  channel  itaeli'  being 
for  some  little  distance  entirely  free  from  corpuscles.  Sometimes  many 
corpuscles  will  appvar  to  remain  stationary  in  one  or  more  capillaries  for  a 
brief  period  and  then  to  move  on  again.  Any  one  of  these  conditions 
readily  paaaes  into  another;  and,  especially  with  a  somewhat  feeble  circula- 
tion, instances  of  all  of  them  may  be  seen  in  the  same  Held  of  the  microscope. 
It  is  only  when  the  vessels  of  the  web  arc  unusually  full  of  blotxl  that  all 
the  capillaries  can  be  seen  equally  filled  with  tiurpuscles.  The  long,  oval  red 
corpuscle  moves  with  its  long  axis  parallel  to  the  stream,  occasionally 
rotating  on  its  long  axis,  and  sometimes,  iu  the  larger  channels,  on  its  short 
aiiy.  The  Hexibility  and  ehiaticity  of  a  corpuscle  are  well  seen  when  it  ia 
being  driven  into  a  capillary  narrower  than  itself,  or  when  it  becomee  tem- 
porarily lodged  at  the  angle  between  two  diverging  channels. 

These  and  other  phenomena,  on  which  we  shall  dwell  later  on,  may  be 
readily  seen  in  the  web  of  tlie  frog's  foot  or  in  the  .-^trotcbed-out  tongue  or  in 
the  mesentery  of  the  frog;  an<i  essentially  similar  phenomena  may  be 
observed  in  the  mesentery  or  other  transparent  tissue  of  a  mammal.  All 
over  the  body,  wherever  capillaries  are  present,  the  corpuscles  and  the 
plasma  are  being  driven  in  a  continuous  and  though  somewhat  irregular  yet 
on  the  whole  steady  flow  through  channels  so  minute  that  the  passage  is 
manifestly  attended  with  considerable  difficultiea. 

It  is  obvious  that  the  j)eculiar  chiirattera  of  tbe  flow  through  the  minute 
arteries,  capillaries,  and  veins  atfords  an  explanation  of  the  great  change 
taking  place  in  the  peripheral  region  between,  the  arterial  ttow  and  the 
venous  how.  The  united  sectional  area  of  the  capillaries  is,  as  we  have  seen. 
some  hundn^ds  of  times  greater  than  the  sectional  area  of  the  aorta;  but 
this  united  sectiottal  area  is  made  up  of  thousands  of  minute  passages, 
Tar)'iug  iu  Juan  from  5  to  20  f^  some  of  them,  therefore,  being  in  an  undia- 
tended  condition ,  aumller  than  the  diameter  of  a  red  corpuscle.  Even  were 
the  hlund  a  simple  Hcjuid  free  from  all  corpuscles,  these  extremely  minute 
pasfljige^  would  occasion  an  enormous  amount  of  friction,  and  thus  present  a 
cousitlerable  obstacle  or  resistance  to  the  flow  of  blood  through  them.  Still 
greater  must  be  the  friction  and  resistance  occasioned  by  the  actual  blood 
with  its  red  and  white  corpuscles.  The  blood  in  fact  meets  with  great  diffi- 
culties iu  its  passage  thruugli  the  i>erij)heral  region,  and  sometimes,  as  we 
shall  see,  the  friction  and  resistance  are  so  great  in  the  iwripheral  vessels  of 
this  or  that  area  that  no  blood  passes  through  them  at  all,  and  an  arrest  of 
the  (low  takes  [dace  iu  the  area. 

The  resistance  to  the  tiow  of  blood  thus  caused  by  the  friction  generated 
in  so  many  minute  passages  is  one  of  the  most  important  physical  facta  iu  the 
circulation.  In  the  large  arteries  the  friction  is  small ;  it  increases  gradually 
as  they  divide,  but  receives  its  chief  and  most  important  addition  in  tbe 
minute  arteries  and  capillaries,  it  is  relatively  greater  in  the  minute  arteries 
than  in  the  capillaries  on  account  of  the  flow  being  more  rapid  in  the  former, 
for  friction  diminishes  rapidly  with  a  diminution  iu  the  rate  of  flow.  We 
may  rf()cak  of  it  as  the  "  peripheral  friction,"  and  the  resistance  which  it 
offers  as  the '*  peripheral  resistance."  It  need  perhaps  hardly  be  said  that 
this  peripheral  resistance  not  only  opj>o8es  the  flow  of  blood  through  the 
capillaries  and  minute  arteries  themselves  where  it  is  generated,  but,  working 
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HBmftrd  along  the  whole  arterial  system,  has  to  be  overcnrue  by  the  heart 
UflMb  aystole  of  the  veutricle. 

^^F  Iftftiraulic  PrinoipleJi  of  ike  CSrculaiion, 

1  $  118.  In  the  circulation,  then,  the  following  three  facta  of  fundamental 

kftnrtanoe  are  met  with  : 

I   i.  The  systole  of  the  ventricle,  driving  at  intervals  a  certain  quantity  of 

ilood.  with  a  certain  force,  intu  the  aorta. 

I  2.  The  peripheral  resistance  juat  described. 

I  3.  A  long   stretch  of  elastic   tubing   (the  arteries),  reaching  from  the 

llDlricle  to  the  region  of  peripheral  reBistunce. 

I  From  these  facto  we  may  explain  the  main  phenomena  of  the  circulation, 

Midi  we  have  previously  sketched,  on  purely  physical  principles  without 

JBi^flppetal  to  the  special  properties  of  living  tissues,  beyond  the  provision 

ikai  tfa«  ventricle  remains  capable  of  good  rhythmical  wmtractions,  that  the 

ifterial  walls  retain  their  elasticity,  and  that  the  friction  l>ctweea  the  blof)d 

tad  the  lining  of  the  peripheral  vessels  remains  the  same;   we  may  thus 

explain  the  high  pressure  and  pulsatile  flow  in  the  arteries,  the  steady  stream 

tmo^  the  capillaries,  the  low  proiAHure  and  the  uniform  pulseless  flow  in 

t^  veinii,  and  tiually  the  continued  flow  of  the  blood  from  the  aorta  to  the 

tauuthb  of  the  vense  cavse. 

AU  the  above  phenomena  in  fact  are  the  simple  results  of  an  intermittent 

Itffce  (like  that  of  the  systole  of  the  ventricle)  working  in  a  closed  circuit 

t/bnuiching  tubes,  so  arranged  that  while  the  individual  tiihe^s  flrst  diminish 

incadibrb  (from  the  heart  to  the  capillaries)  and  then  increase  (from  the 

etpillariea  to  the  heart),  the  area  of  the  beil  first  increaaes  and  then  dimin- 

isbet,  the  tubes  together  thus  forming  two  cones  placed  base  to  base  nt  the 

apiaries,  with  their  apices  converging  to  the  heart,  and  presetitiug  at  their 

■afofaitcd  bases  a  con^^picuous  peripheral  resistance,  the  tubing  on  one  side, 

tW  arterial,  being  eminently  elastic,  and  on  the  other,  the  venous,  affording 

I  free  and  easy  passage  for  the  blood.     It  is  the  [>eriphern]   resistance  (for 

tW  mwlanoe  onere<]  by  the  friction  io  the  larger  vessels  may,  when  com- 

ftrad  with  this,  be  practic^ully  neglected),  reacting  through  the  elastic  walls 

tftte  arteries  upon  the  interrnittent  force  of  the  neart,  which  gives  the  cir- 

^^Mlttioa  of  the  bl(X>d  its  [>eculiar  features. 

^B  5  119.    fSrcnmstances  ^letennining  the  character  of  the  flow.     When  fluid 

^H[dnren  by  an  intermittent  force,  as  by  a  pump,  through  a  perfectly  rigid 

^Bte.iBch  u  a  glass  one  (or  a  mtem  of  such  tubes),  there  escapes  at  each 

^■l^ie  of  the  pump  from  the  distal  end  of  the  tube  (or  system  of  tubes)  just 

I      II  much  fluid  as  enters  it  at  the  proximal  end.     What  happens  is  verv  like 

I      that  would  happen  if.  with  a  wide  glass  tube  completelv  filled  with  billiard- 

I      Ulb  lying  in  a  row.  an  additional  ball  were  pushed  m  at  one  end  ;  each 

UU  would  be  pushed  on  in  turn  a  stage  further  and  the  last  ball  at  the 

fmber  end  would  tumble  out.     The  escjipe,  moreover,  takes  place  at  the 

«nie  time  ha  the  entrance. 

This  result  remuinst  the  same  when  any  resistance  to  the  flow  is  introduced 
isto  tike  tube,  as  for  instance  when  the  end  of  the  tul>e  is  narrowed.  The 
fans  of  the  pump  remaining  the  same,  the  introduction  of  the  resistance 
mdoobtedly  IcflscnFi  the  quantity  of  fluid  issuing  at  the  di.^tiil  end  at  each 
Aioke,  but  it  at  the  ^anie  time  lessens  the  quantity  entering  at  the  proximal 
cad;  the  inflow  and  outflow  remain  equal  to  each  other,  and  still  occur  at 
(be  mtav  time- 
In  an  elastic  tube,  such  as  an  Indiu-ruhl>er  one  (or  in  a  system  of  such 
baj.  whose  sectional  area  \»  sufficiently  greiit  to  offer  but  little  resistance 
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to  tLe  prctgreas  of  the  fluid,  the  flow  oauB&i  by  an  intermittent  force  is  also 
intermittent.  The  otitflow  being  nearly  qb  easy  aa  the  inflow,  the  elasticity 
of  the  walla  i>f  the  tube  h  Mrarcely  stall  called  into  play.  The  tube  behaves 
pmctically  like  a  rigid  tube.  When,  however,  sufficient  resistance  ie  intro- 
auced  into  aJiy  part  of  the  course,  the  fluid  betn}jj  unable  to  pass  by  the 
resistance  as  rapidly  as  it  enters  the  tube  froiu  the  pump,  tends  to  accumulate 
on  the  proximal  side  of  the  resistance.  This  it  is  a!>le  to  do  by  expanding 
the  elastic  walls  of  the  tube.  At  each  stroke  of  the  punip  a  certain  quantity 
of  fluid  enters  the  tube  at  the  proxinud  end.  Of  this  only  u  fraction  can 
pass  through  the  resistance  during  the  stroke.  At  the  moment  when  the 
stroke  ceases,  the  rest  still  remains  on  the  proximal  side  of  the  resistance, 
the  elastic  lube  having  expanded  to  receive  it.  During  the  interval  between 
this  and  the  next  stroke,  the  distended  elastic  lube,  striving  to  retuni  to  its 
natural  undistended  condition,  presses  on  this  extra  quantity  of  fluid  which 
it  contains  and  tends  to  drive  it  past  the  resistance. 

Thus,  in  the  rigid  tube  (and  in  the  elastic  tube  without  the  resistance) 
there  issues,  from  the  distal  end  of  the  tube  at  each  stroke,  just  as  much 
fluid  as  enters  it  at  the  proximal  end,  while  between  the  strokes  there  is 
perfect  quiet.  In  the  elastic  tube  with  resistance,  on  the  contrary,  the  quan- 
tity which  jjusseA  the  resistance  is  only  a  fraction  of  that  which  enters  the 
tube  from  the  pump  at  any  one  stroke,  the  remainder  or  a  portion  of  the 
remainder  continuing  to  pass  during  the  interval  between  the  strokes.  In 
the  former  case  the  tube  is  no  fuller  at  the  end  of  the  stroke  than  at  the 
beginning;  in  the  latter  case  there  ir^  an  aeciimulation  of  fluid  between  the 
pum}>  and  the  resistance,  and  a  correspond  tag  distention  of  that  part  of  the 
tube  at  tho  close  of  each  stroke — an  accumulation  and  di.steution,  however, 
which  go  ou  dimittishing  <luring  the  interval  between  that  stroke  and  the 
next.  The  amount  of  fluid  thus  remaining  atler  the  stroke  will  de|>end  on 
the  amount  of  resistance  in  relation  to  the  force  of  the  stroke  and  on  the 
disteusibility  of  the  tube;  and  the  amount  which  passes  the  resistance  before 
the  next  stroke  will  depend  ou  the  degree  of  elastic  reaction  of  which  the 
tube  is  capable.  Thus,  if  the  resistance  be  very  considerable  in  relation  to 
the  force  of  the  stroke,  and  the  tube  very  disteuBible,  only  a  small  iwrtion  of 
the  fluid  wilt  pass  the  resistance,  the  greater  part  remaining  lodged  between 
the  pump  and  the  resistance,  ff  the  elastic  reaction  be  great,  a  large  por- 
tion of  tilts  will  be  pnssed  on  through  the  resistance  before  the  next  stroke 
comes.  In  other  words,  the  greater  the  resistance  (in  relation  to  the  force 
of  the  strokej,  and  the  more  the  elastic  force  is  brought  into  pluv,  the  less 
intermittent,  the  more  nearly  continuous,  will  be  the  flow  on  the  far  aide  of 
the  resistance. 

If  the  first  stroke  l>e  succeeded  by  a  second  stroke  before  its  quaiiiity  of 
fluid  has  all  passeii  by  the  resistance,  there  will  be  an  additional  accumula- 
tion of  fluid  on  the  near  ^ide  of  the  resif^tance,  an  additional  distention  of 
the  tube,  an  additional  strain  on  its  elHstic  powers,  and,  in  consequence,  the 
flow  between  this  second  stroke  au<]  tlie  thir<i  will  be  even  more  marked  than 
that  between  the  flrst  and  second,  though  all  three  strokes  were  of  the  same 
force,  the  addition  being  due  to  the  extra  amount  of  elastic  force  called  into 
play.  In  fact,  it  is  evident  that,  if  there  be  u  sufficient  store  of  elastic  power 
to  fall  back  upon,  by  continually  repeating  the  stroke  a  state  of  things  will 
be  at  last  arrived  at  in  which  the  elastic  force,  called  into  plav  by  the  con- 
tinually increasing  distention  of  the  tube  on  tiie  nwir  side  of  tfie  resistance, 
will  be  sufficient  to  drive  through  the  resistance,  between  each  two  strokes, 
just  as  much  fluid  as  enters  the  near  end  of  the  system  at  each  stroke.  In 
other  words,  the  elastic  reaction  of  the  walls  of  the  tube  will  have  converted 
the  intermittent  into  a  continuous  flow.     The  flow  ou  the  far  side  uf  the 
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I  thU  cnse  not  the  direct  result  of  the  strokes  of  the  pump.  All 
le  pump  18  s[K)ut,  tirHt  in  getting  up,  uud  afterward  in  keeping 
listentiou  of  the  lube  on  the  near  side  of  the  resistance ;  the  imme- 
duie  cauae  of  the  oontiuuuus  tlow  lie^  in  the  distention  of  the  tube  which 
Ittds  it  to  eiuply  it§telf  into  the  far  side  of  the  resistance  at  such  a  rate  that 
it ilbcharges  through  the  resistance  (luring  u  stroke  and  in  the  succeeding 
intcnrttl  jost  •«  much  as  it  reoeiven  from  the  pump  hy  the  stn>ke  itself. 

Thk  w  exactly  what  takes  place  in  the  vascular  system.  The  irictiou  in 
the  minute  arteries  and  ciipillaries  presents  a  considerable  resist-auce  to  the 
iow  of  blood  through  them  into  the  small  veins.  In  conseijuence  of  this 
reurtance  the  force  of  the  heart's  beat  is  spent  in  maintaining  the  whole  of 
Kb«  arterial  svfltem  in  a  state  of  great  distention  :  the  arterial  walla  are  put 
greatly  ou  the  stretch  by  the  pressure  of  the  blood  thrust  into  them  by  the 
fepealed  strokes  of  the  heart;  this  is  the  prc^ure  which  we  spoke  of  above 
m  blood-preasure.  The  greatly  distende<l  arterial  system  \»,  by  the  elastic 
itaciiiii)  uf  its  elastic  walls,  continually  tending  to  empty  itself  by  overflow- 
ing through  the  cupilluries  into  the  venous  system  ;  and  it  overflows  at  such 
ft  rale  that  just  as  much  blood  passes  from  the  arteries  to  the  veins  during 
each  ayftiole  and  its  succeeiling  diastole  as  enters  the  aorta  at  each  systole. 

FlO.  t!l. 


•tfh* 


Wi(kr 


Aktkrial  ScnKME. 
U  «n  clutllc  tiitH'  k»  n.'pn.'iMMil  ibe  nrtcrlAl  xi^tcm.  Itmnrhlng  at  X  Hnd  Y,  and  eiMlinc 
of  iNTlplMfrvl  n9ii»(Bmi),tnrliif|inirttH>cai'tUnrlw,  whlcti  are  Imitated  by  fllllng  looaely 
flBdtple*-e>  or  ppotii;r'  ihc  fmri*  ohown  ■(»  •lllated  In  llie  tlxiirv.    The  capHlarit-*  nre  ^tbered 
ttoltereaaii*  hV!>itui.  Um'tcl,  utiiL-h  U-niiioaUsat  O.     Water  lit  driven  Into  the  arteiiAl  syKtem 
m«M.  .-!(  «n  rlntiilr-twR  »>riii|5»'  or  any  other  formof  pamp.    (']iiu)[«an!  ploceil  t>n  the  uodl- 
Wljrii  ihi»«»  r'Uin[M  art*  tiKhtwiefl.  the  only  m"ce««  fiir  tht*  WBter  fmm  the  arterial 
:    i>  UiruiiKh  the  illlat«.'i|  {larts  t)lle<J  wlUi  spunite.  whlt-h  offen  a  cun'^ldenihle  ntitH- 
ikv  4ow  of  diil'l  thriMiRti  tbein.    When  the  cIatn)K  an*  anloi^K*)  the  fliUd  pamcv,  wUli  mucb 
«t«m^    thr*>(iirh   the  iiir<l(hiie<l  tiibcn      Thti»,  hy  tl^hteiilng  or  liKinening  the  clampK  the 
'    tiin>  be  lncn.-a.setl  ur  dlmliil^hod  at  |>lenj>ure. 
!<'.  Niidat  V.  uti  the  rvtiuu*  *iri<<,  manoinrieT>  can  lie  attached.    At  a  and  « 
■.»:  -  ftiKi  _'■.  i'\  ineturi  of  claini«,  Itic  Hfiw  r»r  fliiM  fbun  an  urt>'rv  anil  fhtm  a  velD,  ander 
nm<31Ilmn,  nui)  W  ol^crvol.    At  ^i.  »<t,  atitl  Sr.  AphyK"io«rat>b6  may  tie  appllod. 


(120.   Indt-ed,  the  ia>|Hirtant  facts  uf  the  circulation  which  we  have  not  as 
•tiriudted  may  be  roufihly  but  successfully  imitateil  ou  an  artificial  mo<!eI, 
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Fig.  fil,  in  which  an  elastic  syringe  represents  the  heart,  a  long  piece  of 
elastic  India-rubher  tubing  the  arteries,  another  piece  of  tubing  the  veins, 
and  a  number  of  smaller  counet'tiug  pieces  the  minute  arteries  and  capil- 
laries. If  Iheee  connettiug  pieces  be  made  at  first  somewhat  wide,  so  as  to 
otfer  no  great  resistance  to  the  flow  from  the  artifiL'ial  arteries  to  the  artificial 
veins,  but  be  so  arranged  that  they  may  be  made  narrow  by  the  screwing-up 
of  clamps  or  otherwise,  it  is  possible  to  illustrate  the  behavior  of  the  vascular 
niechanidui  when  the  peripheral  resistance  ia  less  than  usual  (and  as  we  ^hall 
see  later  on  it  is  possible  in  the  living  organism  either  to  reduce  or  to  increase 
what  may  l>e  considered  as  the  normal  peripheral  resistance),  and  to  compare 
that  behavior  with  the  behavior  of  the  mechanism  when  the  peripheral 
resistance  is  increased. 

The  whole  apparatus  being  placed  fiat  on  a  table,  so  as  to  avoid  differences 
in  level  in  diH'erent  parts  of  it,  and  with  water,  but  so  as  not  to  disteud  the 
tubing,  the  two  nmnometers  attached,  one  (A)  to  the  arterial  side  of  the 
tubing  and  the  other  (V)  to  the  venous  side,  ought  tn  show  the  mercury 
standing  at  equal  heights  in  both  liral>s  of  both  iosLrumeuti^,  sinco  nothing 
but  the  pressure  of  the  atmosphere  is  bearing  on  the  fluid  in  the  lubes,  and 
that  equally  all  over. 

If,  now,  the  connecting  pieces  being  freely  open,  that  is  to  say,  the  i)eripheral 
resistance  being  very  little,  we  imitate  a  ventricular  heat  by  the  stroke  of  the 
pump,  we  shall  observe  the  following:  Almtjet  imnitMliately  uiler  the  stroke 
the  mercury  in  the  arterial  manometer  will  rise,  but  will  at  tuice  fall  again, 
and  very  shortlv  afterward  the  mercury  in  the  venous  tube  will  in  a  similar 
manner  rise  niu!  fiill.  If  we  rejMjat  the  strokes  with  n  not  ton  rapid  rhythm, 
each  stri^ke  having  the  same  force,  and  make,  as  may  by  a  simple  contrivance 
be  effected,  the  two  manometers  write  on  the  same  recording  surface,  we  shall 
obtain  curves  like  those  of  Fig.  62,  A  and  V,     At  each  stroke  of  the  pump 

Flo.  62. 


Tracinos  Takck  moM  ak  ARTinnAi.  Scheme,  with  thk  Pkru-herai.  RwifTAVB  Slight, 
iftrtenol ;  V,  venons  rannometer.    This  fli^ire,  to  save  space,  In  on  a  iiniuUer  sculc  than  the  cor- 


the  mercury  in  the  arterial  manometers  rises,  but  forthwith  falls  again  t')  or 
nearly  to  the  base  line ;  no  mean  arterial  pressure,  or  very  little,  is  eMablished. 
The  contents  of  the  ventricle  (syringe)  thrown  into  the  arterial  system  dis- 
tend it,  but  the  passage  through  the  [>eripberal  region  is  so  free  than  an  equal 
quantity  of  fluid  jiasses  through  to  the  veins  immediately,  and  henoe  the 
mercury  at  once  falls.  But  the  fluid  thus  passing  easily  into  the  veins  dis- 
tends these  too,  and  the  mercury  in  their  manometer  rises  too,  but  only  to 
fall  again,  as  a  corresponding  quantity  issues  from  the  ends  of  the  veins  into 
the  basin,  which  serves  as  an  artificial  auricle.  Now  introduce  **  |>eripheral 
resistance"  by  screwing  up  the  clamps  on  the  connecting  tubes,  and  set  the 
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to  work  again  tm  before.  With  the  first  stroke  the  mercury  in  the 
^•ilenAl  mautxnetor  f  Fig.  03,  A')  rises  as  before,  but  instefld  of  falling  rapidly 
it  &lb  ftlowly,  because  it  now  takes  a  longer  time  for  a  ouantity  of  fluid 
«)ual  to  that  which  has  beeu  thrust  into  the  arterial  i^ystem  oy  the  ventricu- 
Itr  4troke  to  pans  through  the  narrowed  peripheral  region.     Before  the  curve 


^  10.  (ci. 


Tk*mmT«Ki3i  moM  ax  ARnnriAi,  SriiniE.  with  thl  rrRiriicRAi.  RnnBTAHCB  Cohhiuekabls. 

A*.  ikrterlBl :  \'>,VL*noU8  manometer. 

hM  Sullen  to  the  base  line,  before  the  arterial  system  has  had  time  to  difl- 
dbti)ge  through  the  narrowed  peripheral  region  as  much  fluid  as  it  received 
from  the  ventricle,  u  second  stroke  drives  more  fluid  into  the  arteries,  dia- 
lendinff  them  this  time  more  than  it  did  before,  and  raising  the  mercury  to 
•  vtill  higher  level.  A  third,  a  fourth,  and  succeeding  strokes  produce  the 
amr  effect*  except  that  the  adtiilional  height  to  which  the  mercury  is  raved 
•icftch  stroke  becomes  at  each  stroke  less  and  less,  until  a  state  of^  things  is 
Rubed  in  which  the  mercur>%  being  on  the  full  when  the  stroke  takes  place, 
iiby  the  stroke  raised  just  as  high  as  it  was  before,  and  then  beginning  to 
611  again  is  again  raised  just  as  high,  and  so  on.  With  each  succeeding 
<ioke  the  arterial  system  has  become  more  and  more  distended  :  but  the 
■are  distendetl  it  is  the  greater  is  the  elastic  reaction  brought  into  play;  this 
ITr^ter  elastic  reaction  mr>re  and  more  overcomes  the  obstacle  presented  by 
Ifce  peripheral  resistance  and  drives  the  Huid  more  and  more  rapidly  thnnigh 
^  peripheral  region.  At  last  the  arterial  system  is  so  distended,  and  the 
fcwfof  the  elastic  reaction  so  great,  that  during  the  stroke  and  the  succeed- 
ing interval  just  as  much  fluid  passes  through  the  peripheral  region  a^  enters 
^  srteries  at  the  stroke.  In  other  words,  the  repeated  strokes  have  eetab- 
I>b«d  a  mean  arterial  pressure  which,  at  the  point  where  the  manometer 
■  affiled,  is  raided  slightly  at  each  ventricular  stroke  and  falls  slightly 
t»!t«ecn  the  strokes. 
Turning  now  to  the  venous  manometer,  Fig.  63,  V*,  we  observe  that  each 
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stroke  of  the  pump  produces  on  this  much  ]em  effect  thftn  it  did  before  the 
iDtroduction  of  the  increased  peripheral  reaislflnce.  The  mercury,  instead  of 
distinctly  rifiin^  ami  falling  at  each  stroke,  now  shows  n<»lhi[ig  more  tlian 
very  gentlt'  umhihttions  ;  it  feels  to  a  very  sli^fht  degree  only  the  d'lred  effect 
of  the  veutriciilar  stroke;  it  is  simply  raiaed  slightly  above  the  base  line, 
and  remains  fairly  aiendy  at  this  level.     The  slij^ht  riee  marks  the  mean 

5ree8ure  exerted  by  the  fluid  at  llie  place  of  attachment  of  the  manameter. 
'bis  mean  *' venous"  pressure  is  a  couiinuiitiou  of  the  mean  arterial  pressture 
BO  obvious  til  the  arterial  manometer,  hut  is  much  less  than  that  berauiie  a 
large  part  of  the  arterial  mean  pressure  has  been  expended  in  driving  the 
Huid  pDst  the  |)eripheral  resistance.  What  remains  is,  however,  sutficient  lu 
drive  the  fluid  along  the  wide  venous  tvibing  right  to  the  open  end. 

Thus  this  artificial  model  may  be  made  to  ilhislrute  how  it  comes  about 
that  the  blood  flows  in  the  arteries  at  a  relatively  high  pressure,  which  at 
each  ventricular  systole  is  raiseil  slightly  above,  and  at  each  disistole  falls 
slightly  below,  a  certain  mean  level,  and  flows  in  the  veins  at  a  much  lower 
preswure,  which  does  not  show  the  immediate  effects  f)f  each  heart-beat. 

If  two  manometers,  instead  of  one,  were  attached  to  the  arterial  system, 
one  near  the  pump  and  the  other  further  off,  close  to  the  peripheral  resist- 
ance, the  pressure  shown  by  the  near  manometer  would  be  found  to  lie  greater 
than  that  shown  by  the  far  one.  The  pressure  at  the  far  point  is  less 
because  some  r>f  the  pressure  exerted  at  the  near  point  has  been  use*!  lo  drive 
the  fluid  from  the  near  point  to  the  far  one-  Similarly  on  the  venous  side. a 
mannnieter  placed  close  to  the  peri]>heral  region  wftiild  show  a  higher  pres- 
sure than  that  sh'iwn  by  one  further  off,  because  it  is  the  pressure  still  reniain- 
iug  in  the  veins  near  the  capillaries  which,  assisted,  as  we  shall  see.  by  other 
events,  drives  the  blood  onward  to  the  larger  veins.  The  blood-prtissure  is 
at  its  highest  al  the  rout  of  the  aorta,  and  at  its  lowest  at  the  mouths  of  the 
vente  cavic,  and  is  falling  all  the  way  from  one  point  lo  the  other,  because 
all  the  way  it  is  lieing  used  up  to  move  the  blood  from  one  point  to  the  other. 
The  great  dn)f»  of  pressure  is,  as  we  have  SHid,  in  the  peripheral  region, 
because  more  work  bus  to  f>e  done  in  driving  the  blood  thnmgh  this  region 
than  in  driving  the  blood  from  the  heart  to  this  region,  or  from  this  region 
(o  the  heart. 

The  manometer  on  the  arterial  side  of  the  nmdel  shows,  as  we  have  seen, 
an  osci!huioi>  of  pressure,  a  pulse  due  to  each  heart  beat,  and  the  same  pulse 
may  be  felt  by  ])lacing  a  linger,  or  rendered  visible  by  jdacing  a  light  lever, 
on  the  arterial  tube.  It  may  further  be  seen  that  this  pulse  is  most  marked 
nearest  the  pun)|»,  and  becomes  fainter  as  we  pass  to  the  periphery ;  but  we 
must  reserve  the  features  of  the  pulse  for  a  special  study.  On  the  venous 
aide  of  the  model  no  pntfie  C4in  be  detected  by  the  manometer  or  by  the 
finger,  provided  that  the  peripheral  resistance  be  adequate.  If  the  peripheral 
resistauce  be  diininishtd,  as  by  unscrewing  the  clamps,  then,  us  necessarily 
follows  from  what  has  gone  before,  the  pulse  passes  over  on  to  the  venous 
side;  and,  as  we  shall  have  occasion  to  point  out  later  on.  in  the  living 
organism  the  peripheral  re^^istance  in  particular  areas  may  be  at  times  so 
much  lessened  that  a  distinct  pulsation  appears  in  the  veins. 

If  in  the  model,  when  the  pump  is  in  full  swing,  and  arterial  pressure  well 
established,  the  arterial  tube  be  pricked  or  cut,  or  the  small  side  tube  a 
be  opened,  the  water  will  gush  out  in  jets,  as  d^>e8  blood  from  a  cut  artery  in 
the  living  body  ;  whereas,  if  the  venous  tube  he  similarly  pricked  or  cut,  or 
the  small  tul>e  r  l)e  opened,  the  water  will  simply  ooze  out  or  well  up,  as 
does  blood  from  a  vein  in  the  living  body.  If  the  arterial  tube  be  ligature*!, 
it  will  swell  on  the  pump  side  and  shrink  on  (he  peripheral  side;  if  the 
venous  tube  be  ligatured,  it  will  swell  uu  the  side  nearest  the  capillaries  and 


TUK    MAIN    FACTS    OF    THE    CIRCULATION, 


199 


on  the  other  side.     In  short,  the  dead  model  will  show  all  Che  main 
the  circulation  which  we  have  ad  yet  deaeribeti. 
In  the  living  biHly,  however,  there  are  certain  helps  tu  the  circula- 
tuo  which  can  Dot  be  imitated  by  such  a  model  without  introducing  ^reat 
and  ondeainible  compliciitiuna;  but  these  chiefly  aifect  the  flow  along  the 


I  The  veins  are  in  many  place*  provided  with  valvea  »o  conatructed  as  to 
Ar  little  or  no  resistance  to  the  flow  from  the  capillariet^  to  the  heart,  hut 
(flfectually  to  block  a  return  towani  the  capillaries.  Hence  any  external 
pRvure  brought  to  bear  upon  a  vein  tends  to  help  the  blood  to  move  for- 
ward toward  the  heart.  In  the  various  raovementa  carried  out  by  the 
ikeldal  muscles,  such  an  external  prea^ture  is  brought  to  bear  on  many  of 
tbe  veiDi?.  and  hence  these  movements  assist  the  circiilalion.  Even  pajissive 
owTementd  of  the  limbs  have  a  similar  effect.  So,  also,  the  movements  of 
liie  aJtmentary  i'amil,  carried  out  by  meuun  of  plain  muscular  tissue,  promote 
ibe  flcMT  along  ihe  veins  coming  from  that  canal,  and  when  we  ctme  to  deal 
witb  th«  »p1een  we  shall  see  that  the  plain  iiiiiijctilar  libres  which  are  t^o 
abundant  in  that  organ  in  some  animals,  serve  by  rhythmical  contractions  to 
panp  th«  bhKxl  reguliirly  away  from  the  spleen  along  the  splenic  veins. 

When  we  come  to  deal  with  respiration,  we  shall  see  that  each  enlargement 

of  the  chest  constituting  an  inspiration  tends  to  draw  the  blood  toward  the 

I      dbeH,  and  each  return  or  retraction  of  the  chci^t  wulls  in  expiration  tends  to 

irire  the  blotwi  away  from  the  chest.     The  arrangement  of  the  valves  of  the 

betrt  cmuses  this  action  of  the  respiratory  putnp  to  promote  the  How  of  blood 

ia  the  direction  of  the  normal  circulation  ;  and,  indeed,  were  the  heart  per- 

fcctly  mntionleas*  the  working  of  this  respiratory  pump  alone  would  tend  to 

^4rivr  th«  blood  from  the  veose  cav;«  through  the  heart  into  the  aorta,  and  so 

^^b  ke«p  up  the  circulation;  the  force  .so  exerte<l,  however,  would,  without 

^^MIM  of  the  heart,  be  able  to  overcome  a  very  small  part  only  of  the  resist- 

HBBkiii  the  capillaries  and  small  vessels  of  the  lungs,  and  so  would  prove 

"'leiually  iDeffectual. 

Tliertf  are.  then,  several  helps  to  the  flow  along  the  veins,  but  it  must  be 
nnembereii  that,  however  useful,  they  arc  hel(>fl  only,  and  not  the  real  cause 
if  the  circulation.     The  real  cause  of  the  tlow  is  the  ventricular  stroke,  and 
tbii  ii  sufficient  to  drive  the  blo{«l  from  tho  left  ventricle  to  the  right  auricle, 
when  every  muscle  of  the  body  is  at  rest  and  breathing  is  for  a  while 
)pvd|  when,  therefore,  all  the  helps  we  are  speaking  of  are  wanting. 


Circumalan^^cs  DeUrmining  the  Rate  of  tlie  Flow. 

i  182.  We  may  now  paaa  on  to  consider  briefly  the  rate  at  which  the  blood 

through  the  vesaels.  and  tirst  the  rate  of  flow  in  ihe  arieriee. 
When  even  a  small  artery  is  severed,  a  considerable  quantity  of  blood 
kpea  from  the  proximal  cut  end  in  a  very  short  space  of  time.  That  is  to 
Imt,  the  blood  moves  in  the  arteries  from  the  heart  to  the  capillaries  with  a 
wy  conaiderablc  velocity.  Hy  various  methods,  this  velocity  of  the  blo«)d- 
otmot  btiA  been  measured  at  ditlerent  [)arts  of  the  arterial  system;  the 
rwilta,  owing  to  imperfections  in  the  methods  employed,  cannot  l)e  regarded 
••  ittisfkcttirtly  exact,  but  may  be  accepted  as  approximately  true.  They 
•fcow  thai  the  velocity  of  the  arterial  stream  is  greatest  in  the  largest  arteries 
Bctr  the  hvurt,  and  diminishes  from  the  heart  toward  the  capillaries.  Thus, 
>n  a  large  artery  of  a  large  animal,  such  as  the  carotid  oi  a  dog  or  liorse,  and 
piobtbly  in  the  carotid  of  a  man.  the  bliKxl  flows  at  the  rate  of  300  or  500 
Km.  ateooud.  In  the  very  small  arteries  the  rate  is  probably  only  a  few 
t  MHMiad. 
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Methoth,  The  h4TniadrouK)nietDr  of  Volkniann.  [Kip.  f>4.]  An  artery — r.  7.,  a 
carotid — is  vliiiniiedi  in  two  places,  uini  Jivitled  betvreen  llie  clanipb.  Two  c.inula^t 
of  iL  bore  as  nearly  tijual  as  (>ot>8ible  ti>  that  oT  the  arterj*.  or  of  a  known  bore,  arc 
inserted  in  the  two  ends.  The  two  canula?  are  connected  by  meftnii  of  two  stop- 
cocks, which  work  together,  with  the  two  ends  of  a  lun^  plasa  tube,  bent  in  the 
fihapn  of  a  Ul,  and  tilled  with  noriiml  saline  soliuiont  or  with  a  colored  innocuoiw 
fluid.  The  cbnipn  on  the  artery  bein^'  relojwed,  a  turn  of  tlio  stopooeks  permits 
the  blood  to  enter  the  proximal  end  of  the  lonK  U-tube,  along  which  it  courees, 
driving  the  fluid  out  into  the  artery  throujfh  the  dislal  end.  Attached  to  the  tube 
is  a  graduated  scale,  by  niean^  of  which  the  velocity  with  which  the  blood  6ow» 
alovff  tfn'  tuftr'  may  be  read  off.  Even  supposing  the  cuiiula>  to  be  of  the  same 
bore  as  the  arterj*.  it-  is  evident  that  the  conditions  of  ihr  flow  thn>ugh  the  tube 
are  such  as  will  only  admit  of  the  result  thus  gained  beinp  considered  as  an  approxi- 
mative estimation  of  the  real  velocity  in  the  artery  itself. 

[Fifl.  ^^. 
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The  coiilcal  porllonc  nf  tho  inKlmment  are  inserted  In  the  cut  end*  or  a  vein  or  arleiy.  By  m 
xlrople  arranKenient  uf  a  dotibte  aUti>cock  the  blood-cutrcnt  can  be  made  to  pan  Imniedfatcly 
tbruugh  the  traimverw  nrm,  ac  In  A,  or  to  |i4iu  through  thegrarlualod  V-«baped  tube,  ms  In  B.] 

The  rheomeler  (Stromuhr)  of  Ludwig.  This  consists  of  two  ^lass  bulbs,  A  and 
Br  Fig,  05.  commuuicatiniT  above  with  caeh  other  and  with  (he  common  tube  (\ 
by  which  ihey  can  be  fitleiJ.  Their  lower  ends  are  fixed  in  the  metal  disc  D, 
which  can  be  made  to  rotate,  through  two  right  angles,  round  the  lower  disc  E. 
In  the  upper  disc  are  two  holes,  a  and  h,  continuous  with  A  and  ^respectively, 
and  in  the  lower  disc  are  two  similar  holes,  «' and //.  mmilHrly  continuous  with 
the  lubes  O  and  ff.  Hence,  in  the  position  of  the  discs  shown  in  the  figure,  the 
tube  G  is  continuous  through  the  two  dist-s  with  the  bulb  A,  and  the  tube  H 
with  the  bulb  £.  On  turning  the  disc  1)  through  two  right  angles,  the  tul)e  G 
becomes  continuous  with  B  instead  of  vl,  and  the  tube  N  with  A  instead  of  ^. 
There  is  a  further  arrangement,  omitted  from  the  figure  for  the  sake  of  simpUo'Uy, 
hy  which  when  the  disc  D  is  turned  through  one  instead  of  two  right  angles  from 
either  of  the  above  positions,  O  becomes  directly  continuous  with  H.  both  being 
completely  shat  ofi*  from  the  bulbs. 
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TWcnds  of  the  tubes  ffnnd  G  arc  made  to  fit  exactly  into  two  canulic  inserted 
iaio  tlie  two  (*ut  end:*  of  tlio  artery  about  to  be  experimented  upon,  and  having  a 
km  u  nearly  e()ual  ua  po.'^uible  to  thai  of  the  arter)'. 


Fl6.  65. 
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Lop«m*«  9niovuns  akd  a  Dugkavmatic  RKpaasntTATioii  or  mc  Saxk. 


The  method  of  experimenting  is  as  followj*:  The  dinr  D.  bein^  placed  in  ihe 
nticriDcdiace  position,  so  that  a  and  h  are  both  out  off  tVoui  'r'  aiul  //,  the  bulb  A 
»  filled  with  pure  olive  oil  up  to  the  mark  x.  and  the  bulb  B,  the  rest  of  .-1,  and 
tS«  mnclion  C,  with  defibrinated  blood;  and  C  ie  thm  clatupcd.  The  tubee  iT 
■ad  0  are  a]»o  Blled  with  defibrinated  blood,  and  (r  'i»  inserted  into  the  canula 
of  the  c«otral,  //  into  that  of  the  peripheral,  end  of  the  arter>'.  On  removing 
iKfcUmpr*  from  the  artery  the  hloiKi  flows  through  G  to  ff,  and  so  back  into  the 
Mtery.  The  ol»ervation  now  begins  by  turning  the  diso  O  into  the  position 
•bown  in  the  figure:  the  blood  then  Hows  into  A,  driving  the  oil  there  contained 
ott  before  it  into  the  bulb  7^,  in  the  direction  of  the  arrow,  the  defibrinated  blood 
PmiouAly  present  in  li  paaain^;  by  //  into  the  artery-  and  so  into  the  syateui.  At 
tM  moment  that  the  bKtod  i>t  seen  to  rise  to  the  mark  x,  the  di!«c  I)  U  with  all 
MkUe  rapidity  turned  throuj^h  two  right  Hnglc!D  :  and  thus  the  bulb  /i.  now 
mfAy  filled  with  oil,  placed  in  comniunicution  with  G.  The  hUMid-stn-am  now 
iarm  the  oil  back  into  A,  and  the  new  bKH>d  in  A  ihroutrh  /f  into  the  artery. 
^tooD  u  the  oil  has  wholly  returned  to  its  ori^'inal  iKi^itinn.  the  disc  is  a^ain 
tonwd  round,  and  .-t  once  more  placed  in  communication  with  G,  and  the  oil  onee 
BK'fp  driven  from  A  to  H.  Ami  this  is  repealed  several  times,  indeed  generally 
saul  Ihe  clotting  of  the  blood  or  the  admixture  of  the  oil  with  the  blood  nut>  an 

*l0  the  experiment.  Thus  the  flow  of  bloo<l  is  used  to  fill  altenmtely  with 
or  oil  the  space  of  the  bidb  .1,  whose  cavity  ns  far  ba  the  mark  x  Iiafl  been 
*Uct]y  measurcMl ;  hence  if  the  number  of  time»  in  any  given  time  the  disc  D 
l>i|  to  be  ninied  round  be  known,  the  number  of  timeh;  .1  has  been  filled  ia  alflO 
Iaqwd.  and  thus  the  quantity  of  blood  which  has  passed  in  that  time  through 
thtcuuU  connected  with  the  tube  G  is  directly  measured.  For  instance,  sup- 
|Mio2  that  the  ipiantity  held  by  the  bulb  ^t  when  filled  up  to  the  mark  t.  is  f>  o.c, 
nd •BppoAing  thai  from  the  moment  of  allowing  the  first  5  c  c.  of  blood  to  begin 
fOnter  the  tube  to  the  moment  when  the  escape  of  the  last  5  cc.  from  the  artery 
JMd  the  tube  was  oompletc.  100  raconds  bad  elapsed,  during  which  time  5  co. 
U  beea  reottvad  ten  times  into  the  tube  from  the  arter>'  (all  but  the  last  5  o.o. 
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being  retnmod  into  the  distal  portion  of  tha  artery),  obvioasly  0.5  c.o.  of  blood 
had  flowed  frora  tho  proximal  scfltion  of  the  artery  in  one  second-  Hence,  sup- 
posing that  the  diameter  of  the  oanuUi  (and  of  the  artery,  they  being  the  satue) 
were  2  mm.,  with  area  therefore  of  '6.] A  nciiiare  mm.,  an  outflow  through  the  sec- 
tion of  0.5  cc.  or  .'>00  ru.nj.  in  a  Rccond  would  give  ( ^'^*^)  a  velocity  of  about  1.59 
mru.  in  a  second. 

The  h.tmatacbometer  of  Vierordt  [Fir.  66]  is  constructed  on  the  principle  of 
measuring  the  vclncity  of  the  current  ny  observing  the  amount  of  deviation  under- 
gone by  a  pendulum,  the  free  end  of  which  hangs  loosely  in  the  stream.  A  sriuare 
or  rectauKu]ar  chamber,  one  side  of  which  is  of  glafls 
and  marked  with  a  graduate<l  scale  in  the  form  of  An 
arc  of  a  circle,  is  connected  by  means  of  two  short 
tiihcji  witli  the  two  cut  ends  of  an  artery;  the  blood 
cotijiwijiently  flows  from  the  proxiniHJ  {central)  por- 
tion of  the  arterj'  thrnu^jh  the  rhamher  into  the  dutal 
portion  of  the  artery.  Within  the  chamber  and  sua- 
pended  from  its  root  is  a  short  peudulum.  which  when 
the  blood  stream  is  cut  off  from  the  chamber  hangs 
motionless  in  a  vertical  position,  but  when  the  blood 
is  nllowcil  to  flow  through  the  chamber,  is  driven  by 
the  Vnrvii  of  the  current  out  of  its  f>o8it.ion  of  rest,  Tlic 
pendulum  is  so  placed  that  a  marker  attached  to  it«  free  end  travels  close  to  the 
inner  surface  of  the  j^lass  side  along  the  arc  of  the  graduated  side.  Uence  the 
amouni  of  deviation  from  a  vertical  position  may  easily  be  road  off  on  the  scale 
from  the  outside.  The  graduation  of  the  scale  having  been  carried  out  by  experi- 
mentitig  with  streams  of  known  velocity,  tfie  velocity  can  at  ouce  be  calculated 
from  the  amount  of  deviation. 

An  infttrumcnt  based  oti  ibe  same  print-iple  has  boon  invented  by  Chauvenu  and 
iiuim>vcd  hy  Lortet.  Fig.  *>7.  In  thi;*  the  part  which  corresponiL*  to  the  pendulum 
iuVier»irdtV  iut+tiuiueDt  is  prolnnged  oul>ide  the  chamber,  and  thus  the  j^ortioD 
within  the  chamber  is  made  to  form  the  short  arm  of  a  lever,  the  fnlcnim  of  which 
is  at  the  point  where  the  wall  of  the  chamber  is  traversed,  and  the  long  arm  of 
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which  projecta  outside.  A  somewhat  wide  tube,  the  wall  of  which  is  at  one  poiot 
composed  of  an  India-rubber  membrane,  is  introduced  l>etween  tho  two  cut  ends 
of  an  artery.  A  li>n;:  light  lever  pierces  the  India-rubber  membrane.  The  short 
expanded  arm  of  this  lever  projecting  within  the  tube  is  moved  on  its  fulcrum  in 
the  India-rubber  ring  by  the  cniTent  of  blood  passing  through  the  lube,  the 
greater  the  velocity  of  the  current  the  larger  being  the  oxcnreion  of  the  lever. 
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^Aw  movements  of  the  short  arm  give  rise  to  correHpondiDir  movemeotB  Id  the 
^B|p|^t«iic  diniclion  uf  (lie  lonir  ami  outside  ihe  tube,  and  these,  by  meant*  of  a 
^Cuk«r  sltarhcd  to  the  end  of  the  louir  anu.  may  be  direetly  inscribed  on  u  reoord- 
ioc  tnrfactt-  Thii*  in.struuient  Is  very  wtdl  lulapted  for  observing  changes  in  the 
vvneiiy  uf  iht*  tlow.  in  determining;  actual  vclocitieK,  for  which  purpose  it  has  to 
km  espmmentally  Kraduated.  it  in  not  m  useful. 

In  the  enpil/arien,  the  rate  is  slowest  of  all.  lu  the  web  of  the  frog  the 
flow  as  judged  bv  the  movement  of  the  red  corpusclci*  may  be  directly 
lac— unrd  under  tlie  microsoo|>e  by  means  of  a  micrometer,  and  is  found  to 
bv  ahoiic  half  a  millimetre  in  a  second  ;  but  this  is  probably  n  low  estimate, 
ftinee  il  m  only  when  the  circulation  \s  somewhat  slow,  slower  |)erhaps  thau 
vhat  nii^ht  to  be  considere<1  the  normal  ntte.  that  the  red  corpuscles  can  be 
difftmclly  seen.  In  the  mammal  the  rate  hns  been  estimated  at  about  0.75 
roillimetn't  a  9e(*(md,  but  is  probably  quicker  than  even  this. 

A»  rreards  thr  rrfn^,  the  flow  is  ver>*  shm*  in  the  small  veins  emerging  from 

■"  iries,  hut  increflses  as  these  join  into  larger  trunks,  until  in  a  large 

as  tbt.'  jugular  of  the  dog,  the  rate  is  about  *2fKJ  mm.  a  second. 

i  123.    It  will  \)e  seen,  then,  that  the  velocity  of  the  flow  is  in  inverse 

y"r'<(NfrtioM   to  the  width  of  the  bed.  to  the  united  sectional  areas  of  the 

v«8N[-lfl.     It  is  greatest  at  the  aorta,  it  diminishes  along  the  arterial  system  to 

iht?  capillanf*.  to  the  united  bases  of  the  cone^  spoken  of  in  ij  U-.  where  it 

t»  \^Hfi.  and  from  thence  increases  again  along  the  venous  system. 

And.  indee4l.  it  is  this  width  of  the  bed.  and  this  alone,  which  determines 
thtfyenrroJ  velocity  of  the  flow  at  various  parts  uf  the  system.  The  slowness 
of  the  flow  in  the  capillaries  is  not  due  to  there  being  so  much  more  frictiod 
ia  their  narrow  channels  than  in  the  wider  canals  of  the  larger  arteries. 
For  the  [peripheral  resi5lun<^  cause<l  by  the  friction  in  the  capillarieti  and 
ftnall  artiTie:*  is  an  obstacle  nrrt  only  t4>  the  flow  of  hlo<xl  through  these  small 
Tocrl?  where  the  resistance  is  actually  generated,  but  aUo  to  the  e8:ape  of 
tbr  blond  from  the  large  into  the  small  arteries,  and  indeed  from  the  neart 
iftl<i  the  large  arteries.  It  exerts  its  influence  along  the  whole  arterial  tract. 
And  it  is  obvious  that  if  it  were  this  peripheral  resistance  which  checked 
Or  flow  in  the  capillaries,  there  could  be  do  recovery  of  velocity  along  the 
renou*  Inicl. 

Thp  bloitd  is  flowing  through  a  chised  nvsiem  of  tubes,  the  bloodvessels,  under 
iW  inflnence  of  one  propelling  force,  the  systole  of  the  ventricle,  f*>r  this  is 
llitforvTe  which  drives  the  blood  from  ventricle  to  auricle,  though,  as  we  have 
Mid,  its  action  is  modified  in  the  several  parts  of  the  system.  In  such  a  system 
iWame  quantity  of  fluid  must  pass  each  section  of  the  system  at  the  same 
title,  otherwise  there  would  be  a  block  at  one  place  and  a  deHciency  at 
•Mb^r.  If,  for  instance,  a  fluid  is  made  to  How  by  some  one  force,  pressure, 
♦f  pavity  ihn>ugh  a  tulw  A  (Fig.  68)  with  an  enlargement  B.  it  is  obvious 
te  the  same  quantity  of  fluid  must  paa» 
iHrnugb  the  section  b  hs  passes  through  the 
wtion  a  in  thje  same  time — for  itislance,  a 
wnod.  Otberwine.  if  less  pas.<e9  through  b 
(liwia,  the  fluid  would  aooumulat*^  in  B.  or 
•/ mort*.  H  would  Im*  emplie<l.  In  the  same 
*»Tjurt  Bi«  much  must  pass  in  the  same  time 
Ihnmjfh  the  N.*ction  c  aa  passes  through  a  or 
But  if  just  us  many  particles  of  water 

get  through  the  narrow  section  a  in  the  same  time  as  they  have  to 

rutigh   the  broader  section  c,  they  must  move  quicker  through  a  than 

ifb  c  or  more  slowly  through  c  than  through  a.     For  the  same  reason 

••»«r  llowing  along  a  river  impelled  by  one  force — viz.,  that  of  gravity — 
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rui»lie8  rapidly  Llinmgh  r  "narrow"  ami  t1i*w«  alugpishly  when  the  river 
widena  out.  into  a  ''hroad."  The  flow  thnmgh  R  will  be  similarly  slackened 
if  B,  instead  of  being  struply  a  sin^^le  enlargenieut  of  the  tube  A,con8ist«  of 
a  number  of  small  tubes  branching  nut  from  A,  with  a  united  sectional  area 
greater  than  the  sectional  area  of  A.  In  each  of  such  ^mall  tubes,  at  the 
line  c,  for  instance,  the  flow  will  be  slower  than  at  a,  where  the  small  tul>e5 
branch  out  from  A,  or  at  b,  where  they  join  again  to  form  a  single  tube. 
Hence  it  is  that  the  blood  rushes  switlly  through  the  arteries,  tarries  slowly 
through  the  capillaries,  but  rjuickenp  its  pHce  again  in  the  veins. 

An  apparent  contrailiction  to  this  principle  that  the  rate  of  flow  is  de{>eu* 
dent  till  the  width  of  the  bed  in  seen  in  ihe  case  where,  the  fluid  having 
alternative  routes,  one  of  the  rrtutes  is  temporarily  widened.  Supp<>se  a  tub© 
A  dividing  into  two  branches  of  equal  length  .r  and  y  which  unite  again  to 
form  the  tube  W  8up|)08e,to  start  with,  that  .r  and  y  i»re  of  equal  diameter; 
then  the  resistance  offered  by  each  being  equal,  the  How  will  l>e  equally 
rapid  through  the  two,  being  just  so  rapid  that  as  much  fluid  paa.-^es  in  a 
given  time  through  :r  and  y  together  as  passes  through  -I  or  through  V. 
But  now  suppose  y  to  be  widened;  the  widening  will  diminish  the  resistance 
offered  by  ty,  and  in  consequence,  supposiag  that  no  material  change  takes 
place  in  the  pressure  or  force  which  is  driving  the  fluid  along,  more  fluid  will 
now  pass  along  y  in  a  given  time  than  did  before;  that  is  to  say,  the  rapidity 
of  the  flow  in  ?/  will  be  incroaf*cd.  It  will  be  increiwoH  at  the  expensenf  the 
flow  through  .c,  since  it  will  still  hold  good  that  the  flow  through  x  and  y 
together  is  equal  to  the  flow  through  A  and  through  l'\  We  shall  have 
occasion  later  on  to  point  out  that  a  small  artery,  or  a  set  of  eniall  arteries, 
mav  be  more  or  less  suddenly  widened  without  nuiteriully  nifectiug  the  gen- 
eral blood-pressure  which  is  driving  the  blood  through  the  artery  or  set  of 
arteries.  In  such  cases  the  flow  of  blitod  through  the  widened  artery  orarteriea 
is  for  the  lime  being  increased  in  rapidity,  not  only  in  spite  of,  but  actually 
in  consequence  of,  the  artery  being  widened. 

It  must  be  understood  in  fact  that  this  dependence  of  the  rapidity  of  the 
flow  on  ihe  width  of  the  bed  ajtplies  to  the  general  rate  of  flow  of  the  whole 
circulation,  and  that,  besides  the  above  instance,  other  special  and  temporary 
variations  occur  due  to  particulnr  circumatance,s.  Thus  changes  of  pressure 
may  alter  the  rapidity  of  flow.  The  cause  of  the  flow  through  the  whole 
system  is  the  pressure  of  the  ventricular  ayatole  manifested  as  what  we  have 
called  blood-pressure.  At  each  point  along  the  system  nearer  the  left  ven- 
tricle, and  therefore  further  from  the  right  auricle,  the  pressure  is  greater 
than  at  a  point  further  from  the  lefl  ventricle  and  so  nearer  the  right  auricle: 
it  is  this  <Iiflerence  of  pressure  which  is  the  real  cnuee  uf  the  flow  from  the 
one  point  to  the  other ;  and  other  things  being  equal  the  rapidity  of  the  flow 
will  depend  on  the  amount  of  the  iJiffereuce  of  pressure.  Hence,  temporary 
or  local  variations  in  rapidity  of  flow  may  be  caused  by  the  establishment  of 
temporary  or  local  differences  of  pressure.  Fur  example,  at  any  point  along 
the  arterial  system  the  flow  is  increased  in  rapidity  during  the  temporary 
increase  of  pressure  due  to  the  ventricular  systole,  i.  e,^  the  pulse,  and  dimin- 
ished during  the  subsequent  temporary  decrease,  the  increase  and  decrease 
being  the  more  marked  the  nearer  the  point  to  the  heart.  And  we  shall 
probably  meet  later  on  with  other  in.stances. 

§124.  Time  of  the  entire  circtiit.  It  is  obvious  from  the  foregoing  that  a 
red  corpuscle  irj  perfiirniing  the  whole  circuit,  in  travelling  from  the  lefi 
ventricle  back  to  the  lefl  ventricle,  would  spend  a  large  portion  of  its  time 
in  the  capillaries,  mitmte  arteries,  and  veins.  The  entire  time  taken  up  iu 
the  whole  circuit  has  been  approximately  estimated  by  measuring  the  time 
it  takes  for  an  easily  recognized  chemical  substance  after  injection  into  the 
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it  vein  of  one  «ide  to  appeiir  in  the  blood  of  the  jugular  veiu  of  the 
ler  si«te. 

While  small  quantities  of  blood  are  being  drawn  at  frequently  repeated  intervnls 
frara  ibe  jiimilar  vein  of  one  side,  ur  while  the  blood  from  the  vein  iR  being  allowed 
to  fall  in  u  niionte  Mream  on  ao  absorbcuL  iiapor  cuvcriuf;  some  travelling  surface, 
VDO  mU  ^ucb  aet  |>otas»iuiu  fernKvaniae  (or  jiruterably  sodium  fcrrooyanide  as 
more  innofuous)  is  iiijeeHid  into  the  ju^'ular  vein  of  the  other  .side.  If  the 
of  ihv  inieetioii  bt'  nuted,  and  (he  time  ikiXer  the  injeetiou  into  one  side  at 
vtticb  ovidetiL*e  of  the  prvscnce  of  the  iron  salt  CAn  be  detected  in  the  nample  of 
blood  froai  the  vein  of  the  other  nde  be  noted,  this  givei^  the  time  it  has  taken  the 
«k  to  perform  tbc  uireuit ;  aitd  on  ihe  supposition  that  more  diffusion  docs  not 
ialJy  affect  the  rebult.  the  time  which  it  tnkeb  the  blood  to  pedbnu  the  same 
It  t»  thereby  gtveu. 

la  the  horse  this  time  has  been  experimentally  determinetl  nt  about  30 
tds  and  in  the  dog  at  about  15  aecoudd.  lu  man  it  ie  probably  from  20 
•')  seconds. 
Taking  the  rate  of  flow  through  the  capillaries^  nl  about  I  mm.  a  second  it 
lid  take  a  corpuscle  as  long  a  time  to  gel  through  about  20  mm.  of  capil- 
as  U)  perform  the  whole  circuit.  Hence,  if  any  corpuscle  bad  iu  its 
;uit  to  pass  through  ID  mm.  of  capillaries,  half  the  whole  time  of  its 
iruer  would  be  spent  iu  the  narrow  chaunels  of  the  eapillariee.  Inaamuch 
the  iHirpoMs  served  by  the  blood  are  chiefly  carried  out  in  the  capillaries, 
it  k  obviously  of  advantage  that  its  stay  in  them  should  be  prolonged. 
^Eaee,  however,  the  average  length  of  a  cui>illary  is  about  0.5  mm.,  about 
half  a  second  ia  spent  in  the  capillaries  of  the  tbtaues  and  another  half  second 
m  the  capillaries  of  the  lungs. 

J 125.  We  may  now  briefly  summarize  the  broad  features  of  the  circula- 
tion, which  we  have  seen  may  be  explained  ou  purely  physical  principle*,  it 
[teing  asaumed  that  the  ventricle  delivers  a  c^rttiio  quantity  of  blood  with  a 
^rlain  f*»rce  into  the  aorta  at  regular  intervals,  and  chat  the  physical  prop- 

of  the  bloodvessels  remain  the  same. 

We  have  seen  that  owing  to  the  peripheral  resistance  offered  by  the  capil* 

fauicB  and  small  vessels  t  he  (it rcr?  efl^ect  of  the  ventricular  stroke  'v<  to  eaiabliah 

in  the  arteries  a  mean  arterial  prc^Bure  which  is  greatest  at  the  root  of  the 

A«>rta  and  diminiahoA  toward  the  small  arteries,  some  of  it  being  U8e<1  up  to 

[dhre  the  blood  from  the  aorta  to  the  snmll  arteries,  but  which  retains  at  the 

kJtgtoD  of  the  small   arteries  sutiicient   pi^wer  to  drive  through  the  small 

JtfterioB,  capillaries,  and  veins  just  as  much  bh)od  as  is  being  thrown  into  the 

' aorta  by  the  ventricular  strrrke.     We  have  seen,  further,  that  in  the  large 

Mirric*  at  each  stroke  the  pressure  rises  and   falls  a  little  above  and  below 

the  mean,  thus  constituting  the  pulse,  but  that  this  extra  distention  with  ita 

■ilaiii^aeDt  recoil  diminishes  along  the  arterial  tract  and  Anally  vanished) ;  it 

■foiiotches  and  vanishes  because  it  too,  like  the  whole  force  of  the  ventricular 

Amke^  of  a  fraction  of  which  it  is  the  exprcasion,  is  used  up  in  estnblishing 

tiK  mean  pressure ;  we  shall,  however,  consider  again  later  on  the  special 

features  of  this  pulse.     We  have  seen,  further,  that  the  task  of  driving  the 

Wood  through  the  [jeriphcrnl  resistance  of  the  small  arteries  and  capillariea 

OOUNtutss  much  of  this   mean   pre«sure.  which  consequently  Is  much  less  in 

kWanall  veins  than  in  the  eorres|K)nding  small  arteries,  but  that  suflicient 

itaaiiM  to  drive  the  blood,  even  without  the  help  of  the  auxiliary  agents 

wkich  are  generally  in  action,  from  the  smalt  veins  right  back  to  the  auricle. 

Imit  Wo  have  sevu  that  while  the  above  is  the  cause  of  the  flow  fnjm 

T«atncie  u>  Muriclc.  the  changing  rate  of  the  flow,  the  diminishing  swilYneas 

!ric*,  the  sluggish  crawl  thn)Ugb  tlie  capillaries,  the  increaeing 
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quickness  through  the  veins  are  determined  by  the  changing  width  of  the 
vascular  "  bed." 

Before  we  proceed  to  consider  any  further  details  as  to  the  phenomena  of 
the  flow  through  the  vessels,  we  must  turn  aside  to  study  the  hearL 

The  Heart. 

S  128.  The  heart  is  a  valvular  pump  which  works  on  mechanical  princi- 
ples, but  the  motive  power  of  which  is  supplied  by  the  contraction  of  ita 
muscular  fibres.  Its  action  conseijuently  preseius  problems  which  are  partly 
mechanical  and  partly  vital.  Regarded  as  a  pump,  its  effects  are  determined 
by  the  frequency  of  the  heats,  by  the  force  of  each  beat,  by  the  character  of 
each  heat — whether,  for  instance,  slow  and  lingering,  or  sudden  and  shar[> — 
and  by  the  quantity  of  fluid  ejectetl  at  each  beat.  Hence,  with  a  given 
frequency,  force,  and  character  of  heat,  and  a  given  quantity  ejecte<l  at  each 
beat,  the  problems  which  have  to  be  dealt  with  are  for  the  moat  part 
mechanical.  The  vital  problems  are  chietly  connected  with  the  causes  which 
determine  the  frequency,  force,  and  character  of  the  heal.  The  quantity 
ejected  at  each  beat  is  governed  more  by  the  state  of  the  rest  of  the  body 
than  by  that  of  the  heart  itaelf. 

The  Phenomena  of  the  Normal  Leaf, 

The  visible  moveinentji.  When  the  chest  of  a  mammal  is  opened  and  arti- 
ficial respiration  kept  up  the  heart  may  be  watched  beating.  Owing  to  the 
removal  of  the  chest-wall,  what  is  seen  is  not  absolutely  ideutical  with  what 
takes  place  within  the  intact  chest,  but  the  main  events  are  the  same  in  both 
cases.  A  complete  beat  of  the  whole  heart  or  cardiac  cycle  may  be  observed 
to  take  place  as  follows: 

The  great  veins,  inferior  and  superior  vense  cavae,  and  pulmonary  veins 
are  seen,  while  full  of  blood,  to  contract  in  the  neighborhood  of  the  heart  ; 
the  contraction  runs  in  a  peristaltic  wave  toward  the  auricles,  increasing  in 
intensity  as  it  goes.  Arrived  at  the  auricles,  which  are  then  full  of  blood, 
the  wave  suddenly  spreads,  at  a  rate  too  rapid  to  be  fairly  judged  by  the  eye, 
over  the  whole  of  those  organs,  which  accordingly  contract  with  a  sudden 
sharp  systole.  In  the  systole,  the  walls  of  the  auricles  pres:;  toward  the 
anriculo-venlricular  oriHccs,  and  the  auricular  appendage-s  are  ilrawn  inward, 
becoming  smaller  and  (uiler.  During  the  uuricular  systole,  the  ventricles 
may  be  seen  to  become  turgid.  Then  follows,  us  it  were  immediately,  the 
ventricular  systole,  during  which  the  ventricles  become  more  conical.  Held 
between  the  fingers  they  are  felt  to  become  tense  and  hard.  As  the  systole 
progresses,  the  aorta  and  pulmonary  arteries  expand  and  elongate,  the  apex 
la  tilted  slightly  upward,  and  the  heart  twists  somewhat  on  its  h)Ug  axis, 
moving  from  the  lefl  and  behiad  toward  the  front  and  right  so  that  more  of 
the  left  ventricle  l>econies  displayed.  As  the  systole  gives  way  to  the  suc- 
ceeding diastole,  the  ventricles  resume  their  previous  form  and  position,  the 
aorta  and  pulmonary  artery  shrink  and  shorten,  the  heart  turns  back  toward 
the  left,  and  thus  the  cycle  is  completed. 

In  the  normal  beat,  the  two  veutriclea  are  perfectly  synchronous  in  action, 
they  contract  at  the  same  time  and  relax  at  the  same  time,  and  the  two 
auricles  are  similarly  synchronous  in  action.  It  has  been  maintained,  how- 
ever, that  the  fiynchronism  may  at  time.«  not  he  perfect. 

Before  we  attonipt  to  study  in  detail  the  several  parts  of  this  complicated 
series  of  events,  it  will  be  convenient  to  take  a  rapid  survey  of  what  b  taking 
place  within  the  heart  during  such  a  cycle. 
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S  197.    ThK  cartHfif.  c]fcle.  We  may  take  m  the  end  of  the  cycle  the  moment 
Mt  whicb  the  veutriclefl  having  emptied  their  contents  have  relaxed   ivnd 
raUniked  to  the  diastolic  or  resting  position  and  form.     At  this  moment  the 
blood  ifl  flowing  freely  with  a  fair  nipidity.  but  as  we  have  seen  at  a  very  low 
pfHBore.  through  the  veute  cava-  into  the  right  auricle  (we   may  confine 
oniBeiveA  at  tirst  to  the  right  side),  and  since  there  is  now  nothing  U)  k«ep 
I]m  tricuspid  valve  shut,  some  of  this  blood  probably  finds  its  way  into  the 
ventricle  also.     Thi^  goes  on  for  some  little  time,  and  then  comes  the  sharp, 
•kort  systole  uf  the  auricle,  which,  since  it  l^egins  as  we  have  seen  as  a  wave 
f£  oootraction  ninnitig  forward  along  the  ends  of  the  ven:e  cavie,  drives  the 
blood  not  backward  into  the  veins  hut  forward  into  the  ventricle;  thin  end 
^ak  fbrtber  secured  by  the  fact  that  the  systole  has  behind  it  on  the  venous 
^Bdr  the  presBure  of  the  blood  in  the  veins,  increasing  oe  wc  have  seen  back- 
^Kmrd  toward  the  capillaries,  and  before  it  the  relatively  empty  cavity  of  the 
^PlMitricle.  in  which  the  pressure  is  at  tirst  very  low.     By  the  complete  con- 
traction of  the  auricular  wnlla  the  complete  or  nearly  complete  emptying  of 
the  cavity  is  injured.     No  valves  are  present  in  the  mouth  of  the  superior 
vcaa  cava,  for  they  are  not  needed  ;  and  the  imperfect  Eustachian  valve  at 
tbt  moath  of  the  inferior  vena  cava  car)n()t  be  of  any  great  use  in  the  adult» 
though  in  its  more  developed  state  in  the  foetus  it  had  an  important  function 
in  directing  the.  bItKHl  of  the  inferior  vena  cava  through  the  foramen  ovale 
\      ialo  the  1^  auricle.    The  valves  in  the  coronary  vein  are,  however,  probably 
I       of  tome  use  in  preventing  a  retlux  into  that  vessel. 

A»  the  blood  is  being  driven  by  the  auricular  systole  into  the  ventricle,  a 

reflux  current  is  probably  set  up,  by  which  the  blood,  passing  along  the 

■dv  of  the  ventricle,  gets  between  them  and  the  ilap  of  tne  tricuspid  valve 

'       nd  fo  tends  to  float  these  up.    [Figs.  69,  70.]    It  is*  further  probable  that  the 

I       aate  reflux  current,  continuing  somewhat  later  than  the  now  into  the  ven 

tfkkyia  suiKcient  to  bring  the  flaps  into  apposition,  without  any  regurgitation 

the  auricle,  at  the  close  of  the  auricular  svstole,  before  the  ventricular 


FiG.  70. 


tjtuAt  has  begun.  According  to  some  authors,  however,  the  closure  of  the 
*iilvf  is  efl^ted,  at  the  very  beginning  of  the  ventricular  systole,  by  the 
codtnction  of  the  papillary  muscles;  the  ch(»rdu;  tendime  of  a  papillary 
wade  are  attached  to  the  adjacent  edgei»  of  two  flaps,  so  that  the  shortening 
v^tbo  oiuscle  tends  to  bring  these  edges  into  apposition. 
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The  auricular  systole  ia  as  we  have  said  itumodiately  followed  by  that  of 
the  ventricle.  Whether  the  contractit>n  of  the  ventricular  walls  (which  as 
we  shall  see  is  a  Himple  though  prolonged  contraction  ami  not  a  tet-anus; 
begins  at  i»ne  point  and  nwiftly  travels  over  the  rest  of  the  fibre,«i,  or  begins 
all  over  the  ventricle  at  ouce,  is  a  question  not  at  prei^nt  definitely  settled  ; 
but  in  any  case  the  walls  exert  on  the  contents  a  preaaure  which  is  soon 
brought  to  bear  on  the  whole  contents  and  very  rapidly  rises  to  a  maximum. 
The  only  ertect  of  this  increasing  intra-ventrit^ular  ]>ressure  upon  the  valve 
ia  to  render  the  valve  more  and  more  tense,  and  in  ctuisequence  more  secure, 
the  chordje  tendinew  (the  slackening  of  which  through  the  change  of  form  of 
the  ventricle  is  probably  obviated  by  a  regulative  contraction  of  the  papillary 
muscles)  at  the  same  time  preventing  the  valve  from  being  inverted  or  even 
bulging  largely  into  the  auricle,  mid  indeed,  according  to  .wme  observers, 
kee|ung  the  valvular  sheet  actually  convex  to  the  ventricular  cavity,  by 
which  means  the  complete  emptying  of  the  ventricle  is  more  fully  etiected. 
[Figs.  09, 7i).]  The  connection,  to  which  we  have  just  referred,  of  the  chordae 
of  the  same  papillary  muscle  with  the  adjacent  edges  of  two  flaps,  also  assist* 
in  keeping  the  llaps  in  more  complete  apposition.  Moreover  the  extreme 
borders  of  the  valves,  outside  the  attachments  of  the  chordic,  are  excessively 
thin,  so  that  when  the  valve  is  closed,  these  thin  portions  are  pressed  flat 
together  back  U)  back  ;  hent*e,  while  the  tougher  central  parts  of  the  valves 
bear  the  force  of  the  ventricular  systole,  the  opjiosed  thin  membranous 
edges,  pressed  together  by  the  blood,  more  completely  secure  the  closure  of 
the  oritice. 

At  the  commencement  of  the  ventricular  systole  the  semilunar  valves  of 
the  pulnmuftry  artery  are  closed,  and  are  kept  closed  by  the  high  preasureof 
the  bloud  in  the  artery.  As,  however,  the  ventricle  continues  to  press  with 
greater  and  greater  force  <m  its  contents,  makint;  the  ventricle  hard  and 
tense  to  the  tonch^  the  pressure  within  the  ventricle  becomes  greater  than 
that  in  the  pulmonary  artery,  and  this  greater  pressure  forces  open  the  semi- 
lunar valves  and  allows  the  escape  of  the  contents  into  the,  artery.  The 
ventricular  systole  may  be  seen  and  felt  in  the  exposed  heart  to  be  of  some 
duration  ;  it  is  strong  enough  and  long  enough  to  empty  the  ventricle  com- 
pletely; indeed,  as  we  shall  see,  it  probably  lasts  longer  than  the  discharge 
of  blood,  so  that  there  is  a  brief  period  during  which  the  ventricle  is  empty 
but  yet  contracted. 

During  the  ventricular  systole  the  semilunar  valves  are  pre88e<l  outward 
toward  but  not  close  to  the  arterial  walls,  reflux  currents  probably  keeping 
them  in  an  intermediate  position,  so  that  their  orifice  forma  an  equilateral 
triangle  with  curved  sides;  they  thus  olfer  little  obstacle  to  the  escape  of 
blood  from  the  cavity  of  the  ventricle.  The  ventricle  as  we  have  seen  pro- 
pels the  blood  with  great  force  and  rapidity  into  the  pulmonary  artery,  and 
the  whole  contents  arespeedily  ejected.  Now,  when  a  force  which  is  driving 
a  fluid  with  great  rapidity  along  a  closed  channel  suddenly  ceases  to  act,  the 
fluid,  by  its  momentum,  continues  to  move  onward  after  the  force  has  ceased  ; 
in  consequence  of  this  a  negative  pressure  makes  its  apfiearaiice  in  the  rear 
of  the  fluid,  and, sucking  the  fluid  back  again,  sets  up  a  reflux  current.  So 
when  the  last  [Mrtious  of  blood  leave  the  ventricle  a  negative  pressure  makes 
its  appearance  behind  them,  and  leads  to  a  reflux  current  from  the  artery 
toward  the  ventricle.  This  alone  would  be  sufficient  to  bring  the  valves 
together  ;  and,  in  the  opinion  of  some,  is  the  real  cause  of  the  chjsure  of  the 
valves;  others,  however,  as  we  shall  »ee  later  on,  maintain  that  subsequent  to 
this  reflux  due  to  mere  negative  pn^•*sure  a  .somewhat  later  reflux,  in  which 
the  elastic  reaction  of  the  arterial  xvalls  is  concerned,  more  completely  tills 
and  renders  tense  the  pockets,  causing  their  free  margins  to  cume  into  close 
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Hrftm  contact,  and  thus  entirely  blocks  the  way.  The  corpora  Arantii 
BMi  ID  the  centre,  and  the  thin  membranous  feat/^ouif  or  lunulie  are  brought 
ttto  exact  appoeitioD.  As  in  the  tricuHpid  valves,  so  here,  white  the  pressure 
of  the  blood  is  borne  by  the  tougher  bodies  of  the  several  valves,  each  two 
tkiB  adjacent  hinulw,  pressed  together  by  the  blood  acting  ou  both  eidea  of 
then,  are  kept  in  complete  contact,  without  any  strain  being  put  upon  them  ; 
ifi  thii  way  the  orifice  is  closed  in  a  most  efficient  manner. 

There  la  no  adetjuate  foundation  for  the  view  put  forward  by  Briicke  that  durinff 
tk«  veDtricular  systole  the  flaps  are  pressed  back  flat  a^^ainst  the  arterial  walls,  ana 
io  the  case  uf  the  aorta  oomj)letely  cover  up  the  oriflces  of  the  coronary  arteries, 
m  tKat  the  flow  of  blood  from  the  aorta  into  the  coronary  arteries  can  take  place 
onty  dnrinir  the  ventricular  diaiitoJe  or  at  the  very  beginning  of  the  systole,  and 
HC  at  all  during  the  -systole  itMiIf. 

The  ventricular  systole  now  passes  off,  the  muscular  walls  relax,  the 
veatncle  returns  to  its  previous  form  and  position,  and  the  cycle  is  once 
SBore  ended. 

Wltat  thus  takes  place  iu  the  right  side  takes  place  in  the  left  side  also. 
There  is  the  same  sudden  sharp  auricular  systole  beginning  at  the  roots  of 
the  palmonary  veins,  the  same  systole  of  the  ventricle,  but,  as  we  shall  see, 
much  more  powerful  and  exerting  much  more  furce ;  the  mitral  valve 
ith  its  iwn  flaps  actJi  exactly  like  the  tricuspid  valve,  and  the  action  of  the 
ilunar  valves  of  the  aorta  simply  repeata   that  of  the  valves  of  the 
palmonary  artery. 
We  may  now  proceed  to  study  some  of  the  cardiac  events  in  detail. 
^128.   The  change  of  form.    I^he  exact  determination  of  the  changes  in 
and  position  of  the  heart,  especially  uf  the  veutriclesi  during  a  cardiac 
is  attended  with  difiBculties. 
The  ventricles,  for  Instance,  are  continually  changing  their  form:   they 
ehsAge  while  their  cavities  are  being  filled  from  the  auricles,  they  change 
■bile  the  contraction  of  their  walls  is  getting  up  the  pressure  on  their  con- 
teats,  they  change  while  under  the  influence  of  that  pressure,  their  contents 
bong  discharged  into  the  arteries,  and  they  change  when,  their  cavities 
hanng  been  emptied,  their  muscular  walls  relax. 

We  may  take  it  for  granted  that  the  internal  cavities  are  obliterate<^I  by 
Uieiysiole,  for  it  is  probable  that  practically  the  whole  contents  are  driven 
out  ai  each  Btn>kc,  and  probably  also  each  cavity  is  emptied  from  its  apex 
j^^lovard  the  mouth  of  the  artery. 

^H  With  regard  to  changes  in  external  form,  there  seems  no  doubt  that  the 
^■'■de-to-side  diameter  is  much  lessened.  It  seems  also  clear  that  the  front-to- 
^P  hick  diameter  is  greater  during  the  whole  time  of  the  systole  than  during 
^^  the  diastole,  the  increase  taking  place  during  the  first  part  of  the  systole.  IT 
'  t  light  lever  be  placed  ou  the  surface  of  the  heart  of  a  mammal,  the  chest 
I  bsTiDg  been  opeueil  and  aritticial  respiration  beiug  kept  up,  some  such  curve 
I  u  that  represented  iu  Fig.  7 1  is  obtained.  The  rise  of  the  lever  in  describing 
'  sscli  a  curve  is  due  to  the  elevatiou  of  the  part  of  the  front  surface  of  the 
heart  on  which  the  lever  is  resting.  Such  an  elevation  might  be  caused, 
Mptcially  if  the  lever  were  placed  near  the  apex,  by  the  heart  being  "  tilted  " 
Bpvard  during  the  systole,  but  only  a  small  portion  at  moat  of  the  rise  can 
fatstiributed  to  this  cause;  the  rise  is  perhai>a  be^t  seen  when  the  lever  is 
pkord  in  the  middle  portion  of  the  ventricle,  and  must  be  chiefly  due  to  an 
BMfstse  in  the  front-ttvback  diameter  of  the  ventricle  during  the  beat.  We 
iM  dbcusB  this  curve  later  on  in  connection  with  other  curves  and  may 
bos  nmply  say  that  the  part  of  the  curve  from  b'  to  d  probably  corresponds 
loibs  actual  systole  of  the  ventricle,  that  is,  to  the  time  during  which  the 
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fibres  of  the  ventricle  are  undergoing  contraction,  the  euddeu  fall  from  d 
onward  representing  the  relaxation  which  forms  the  first  part  of  the  diastole. 
If  this  interpretation  of  the  curve  be  correct,  it  ia  obvious  that  the  front-to- 
back  diameter  is  greater  during  the  whole  of  the  systole  than  it  is  during 
diastole,  since  the  lever  is  raised  up  all  this  time. 


Km.  71. t 
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This  increase  of  the  frmit- to-back  diameter  combined  with  a  decrease  of 
the  side-to-side  diameter  has  for  a  result  a  chacge  in  the  form  of  the  section 
of  the  base  of  the  ventricles.  During  the  diaRUdo  this  has  somewhat  the 
form  of  an  ellipse  with  the  long  axis  from  side  to  side,  but  with  the  front 
part  of  thB  ellijise  much  more  convex  than  the  back,  since  the  back  surface 
i>f  the  ventricles  is  somewhat  flattened.  During  the  systole  this  ellipse  ia  by 
the  ahortening  of  the  side-lo-side  diameter  aud  the  increase  of  the  front-lo- 
bark  diameter  converted  into  a  figure  much  more  nearly  resembling  a  circle- 
It  is  urged,  moreover,  that  the  wh<vle  of  the  base  is  constricted,  aud  that  the 
greater  ctRcicncy  of  the  tturicul<i-ventricular  valves  ia  thereby  8ecure<l. 

As  to  the  behavior  of  the  long  diameter  from  base  to  apex  observers  are 
not  agreed.  Home  matutain  that  it  is  shortened,  and  others  that  it  is  prao* 
tically  unchanged.  If  any  ahortenicg  does  take  place,  it  must  be  largely 
compensated  by  the  elongation  of  the  great  vessels,  which,  as  stated  above, 
may  be  seen  in  an  inspection  of  the  beating  heart.  For  there  ia  evidence 
that  the  apex,  though  na  we  have  Been  it  is  during  the  systole  somewhat 
twisted  round  aud  ut  the  an  me  time  brought  closer  to  the  cheat-wall,  does 


»  Tbe  vertical  or  rather  i-urved  lines  (wRiuentji  of  clrclt»)  iiitnHjtioed  Into  thin  iind  omny  other 
curvenan'  ofum;  for  the  puri»c*enl  nieamiriiic  ii«rt«  of  ihi*  rurvc  A  comi>lelc  rurtr  nhrmM  i'slilhil 
An  "ftbM-l^a"  line.  T^l^  niny  Ia.>  drAun  by  iiUowliiff  Ihe  lc\or.  arraiif;^>d  Tur  tbe  exix^rlniciit  bill 
remalnlni;  nl-  rett,  tn  mark  with  im  pr>int  on  ttie  rp<xtnllnK  snrfticc  fvi  in  motton  :  k  ftruluht  litie,  the 
afaccitsa  line.  t)>  thus  dcfwribe<J,  nnd  mny  be  drHuii  before  or  after  tbe  cuj^e  it<*el(  Is  maile,  nnd  may 
be  placed  above  or  i>refembly  below  the  tTirvt-.  When  a  lunlnif-lorlt  or  othiT  tlme-tnArker  i*  uaea, 
the  line  of  the  tlme-marlter  or  a  line  drawn  thmugh  tlie  eurve*  of  the  tuutne-rort  will  serve  as  an 
abscijwn  line.  AAer  n  imcint?  tia>)  tteen  made,  the  K'corrilnii  Nnrfticc  should  Im  tirouiihi  iMck  ij>roeh 
a  pusitlun  thttl  the  fioini  nf  Iht.'  lever  cuinoide*  with  vmie  pi»!iit  <if  lliu  curve  whlcli  it  In  denlrvd  to 
mark  ;  tf  tht*  lever  tte  then  genily  move<l  npaiul  down,  the  i>oint  of  The  lover  will  di-fwrllK' a  segment 
Of  a  eircle  (the  cemre  of  which  liti>  ai  the  axis  of  the  teven.  whi<-h  KKinent  should  Ixr  nnulc  lomc 
enouKh  lo  ent  l<oth  the  eiir^-e  nnd  the  nl»<.!lMi)i  Itne  (the  lutilnK-fork  cnrve^  or  other  Ume-niitrklDK 
line)  wherv  thlsi«dmwn.  Hy  tnnvinu  the  rei-ontinj^.MirfHix*  tuirkwrinl  and  fnrwjird  similar  ^Rinents 
of  circles  may  I»e  drawn  thmngh  ollii-r  j^iintj*  iif"  the  curve?.  The  lines  it,  h.  r  lu  Fie  71  were  thnu 
drawn  The  dlBtanee  heiwet-n  nny  two  of  ihete  poinl*  may  Ihiw  be  measured  on  the  tiintng-fork 
curve  or  other  ilrne  cnrve,  or  on  the  ali^eifuji  Utn?.  Similar  linef  may  be  drown  on  the  iraclDC  after 
ibi  removal  from  tlu'  riTordini;  ln><trtniH'Tn  in  the  follnwInK  way  ;  Tnlce  n  ]>itiror  ifmi[WHie((.  the  tiro 
points  of  whieh  are  fixed  jus!  ns  fhr  ajwrt  as  the  Irn^th  of  the  lever  nwd  fn  the  experlraent, 
meafiired  from  li»  axIh  lo  liy  wrtUhK  r"'int.  By  rueun*.  of  the  cumMSK-'^  Iliid  the  poriilon  on  Ibe 
tiueiog  of  the  centre  of  the  (Mrelu  oi  whk'h  any  one  of  ihu  )irevloitf]y  driiwii  eurvLnl  line*:  forms  a 
aegment.  Thmnch  thin  (*enire  draw  n  line  mmllcl  lo  the  nlwciFan.  Hy  keepini^  one  i«i{ni  of  tlie 
oompaaBon  this  line  hut  moving  il  alnne  the  line  bnckwartl  or  forwania  t^gmenl  of  a  circle  may  be 
dimwn  to  as  to  cut  uny  point  of  the  (urve  that  may  bede«lml,  and  also  theabselraa  line  or  tbe  time 
Uou  Such  a  veffrnvnt  of  a  cIr'Ic  iiniy  he  UKed  fur  tbe  immti  purimses  nis  tbe  urigliial  uuu,  and  auy 
nnmher  of  such  ne^mcnts  may  >je  dmwn. 
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BOC  chfttiffe  i\f^  poeitioo  up  or  down — i.  e.^  iu  the  lang  axis  of  the  body.  If 
in  a  rmbbit  or  dog  a  needle  be  thrust  through  the  chest- wall  so  that  its  point 
pluage«  into  the  apex  of  the  heart,  though  the  ueedle  quivers,  it£  head 
Bovrs  neither  up  uor  down,  as  it  would  do  if  its  point  in  the  apex  moved 
dtiwo  or  up. 

Bruadlyftpeaking,  then,  during  systole  the  veotrictes  undergo  a  diminution 
of  local  volume,  equal  to  the  volume  of  contents  dischargen  into  the  great 
vcMele  (for  the  walls  theroselves,  like  all  muscular  structures,  retain  their 
vfvlume  during  contraction,  save  for  changed  which  may  take  place  in  the 
qujustity  of  bloxl  containeti  in  their  bloodvessels,  or  of  lymph  in  the  inter- 
awcular  Apaceaj,  while  they  undergo  a  change  of  form  which  may  lie 
dflKJibed  as  that  from  a  roughly  hemispherical  figure  with  an  irregularly 
elliptical  aeclion  to  a  more  regular  cone  with  a  circular  base. 

i  129.  Oirdiac  impulse.  If  the  hand  be  placed  on  the  chest,  a  ehock  or 
impulse  will  be  felt  at  each  beat,  and  on  examination  this  impulse,  "  cardiac 
impulse/'  will  be  iound  to  be  synchronous  with  the  systole  of  the  ventricle. 
In  man,  the  cardiac  impulse  may  be  most  distinctly  felt  in  the  iiflh  costal 
interspace,  about  an  inch  below  and  a  little  to  the  median  side  of  the  left 
ttipple.  In  an  animal  the  same  impulse  may  also  be  felt  in  another  way — 
vis.,  by  making  an  incision  through  the  diaphragm  from  the  abdomen,  and 
pUdog  the  finger  between  the  chesL-wull  and  the  apex.  It  then  can  be  dia- 
UmetXy  recognized  as  the  result  of  the  hardening  of  the  ventricle  during  the 

rale.     Aud  the  impulse  which  is  felt  on  the  outside  of  the  chest  is  chiefly 
cAect  of  the  same  hardening  of  the  stationary  portion  of  the  ventricle  in 
eotitAct  with  the  chest-wall,  transmitte<l  through  the  chest-wall  to  the  finger. 
Is  its  flaccid  state,  during  diastole,  the  apex  ia  (in  a  standing  po^^itiou,  at 
Irast.i  at  this  point  iu  contact  with  the  chest-wall,  lying  between  it  and  the 
takimbly    resistant  diaphragm.      During  the  systole,  while   being   brought 
•Tvo  closer  to  the  chest-wall  by  the  tilting  ctf  the  ventricle  and  by  the  move- 
wot  to  the  front  aud  to  the  right,  of  which  we  have  already  spoken,  it 
nddexily  grows  ten^  and  hard.     The  ventricles,  in  executing  their  systole, 
1mr«  to  contract  against  rej*istance.     They  have  to  produce  within  their 
cavities  pressures  greater  than  those  in  the  aorta  and  pulmonary  arteries, 
n^wctively.     This  ia,  in  fact,  the  object  of  the  systole.     Hence,  during  the 
■«ifl  aTstole,  the  ventricular  portion  of  the  heart  becomes  suddenly  tense, 
MOewbatin  tbeaame  way  as  a  bladder  full  of  fluid  would  become  tense  and 
hard  when  forcibly  »queeze<l.     The  sudden  pressure  exerted  by  the  ventricle 
tbu  becomes  suddenly  tense  aud   hard,  aided  by  the  closer  contact   of  the 
aaez  with   the  chest-wall  (which,  however,  by  itself  without  the  hardening 
SI  CMitractiun  would  be  insufficient  to  produce  the  effect),  gives  an  impulse 
of  shock  both  to  the  chest-wall  aud   to  the  diaphragm,  which  may  he  felt 
rauliJy  both  on  the  chest-wnll.  and  also  through  the  diaphragm  when  the 
abdomen   is  opened   and   the  linger   inserted.      If  the   modification   of  the 
ipbrEniograph  (of  wliich  we  shall  npeak  in  dealing,  later  on,  with  the  pulse), 
calun  the  cardiograph,  be  placed  ou  the  spot  where  the  impulse  is  felt  most 
fltroQgly,  the  lever  is  seen  to  be  raiiMHl  during  the  systole  of  the  ventricles, 
and  to  fall  again  as  the  systole  [msses  away,  very  much  as  if  it  were  placed 
QB  the  heart  directly.     A  tracing  may  thus  be  (fbtained  (see  Fig.  77),  of 
whieb  we  shall  have  to  speak  more  fully  immediately  (see  §  133).     If  the 
bflUnD  rif  the  lever  be  placed,  not  on  the  exact  spot  of  the  impulse,  but  at  a 
titUt  diitanc^  from  it,  the  lever  will  be  depret^fd  during  the  systole.     While 
St  iho  epoi  of  impulse  itself  the  contact  of  the  ventricle  is  increased  during 
iTrtnle.  away  from  the  spot  the  ventricle  retires  from  the  chest-wall  (by  the 
qiairniitJoD   of   its   rightto-lcft  diameter),  and    hence,  by   the   mediastinal 
soichments  of  the  pericanlium,  draws  the  ohest-wall  ailer  it. 
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S  130.  The  30iinds  of  the  heart,  Wbeu  the  ear  is  applied  to  the  clieajl, 
either  directly  or  by  meana  of  a  atelhnscope,  two  sounds  are  heard,  the  first 
a  comparatively  long,  dull,  booming  sound,  the  second  a  short, sharp,  sudden 
one.  Between  the  first  and  second  sounds  the  interval  of  time  is  very  short — 
too  short  to  be  measurable — but  between  the  second  and  the  succeeding  first 
sound  there  is  a  ilistinct  pause.  The  sounds  have  been  likeDe<I  to  the  pro- 
nunciation of  the  syllables  liihb  di1p,  so  that  the  cardiac  cycle,  as  far  as  the 
sounds  are  concerned,  might  be  reprei?ented  by  :  lubb,  dup,  pauee. 

The  second  sonnd^  which  is  short  and  sharp,  presents  no  difficulties.  It  is 
coincident  in  point  of  time  with  the  closure  ut  the  semilunar  valves,  and  is 
heard  to  the  best  advantage  over  the  second  right  c^»8tal  cartilage  chwe  to  its 
junction  with  the  Bternum — t.  ?'.,  at  the  point  where  the  aortic  arch  comes 
nearet^t  to  the  surface,  and  to  which  sounds  generated  at  the  aortic  orifice 
would  be  best  condiicted.  Its  characters  are  such  as  would  belong  to  a 
sound  generated  by  membranes  like  the  semilunar  valves  being  suddenly 
made  tense,  and  su  thrown  into  vibrations.  It  is  obscured  and  altered,  or 
replaced  by  "  a  murmur,"  when  the  semilunar  valves  are  affected  by  disease, 
and  may  be  artificially  obliterated,  a  murmur  taking  its  place,  by  passing  a 
wire  down  the  arteries  and  hooking  up  the  aortic  valves.  There  can  be  no 
doubt,  in  fact,  that  the  second  sound  is  due  to  the  semilunar  valves  being 
thrown  intf)  vibrations  at  their  sudden  closure.  The  sound  lieani  at  the 
second  right  costal  cartilage  is  chiefly  that  generated  by  the  aortic  valves, 
and  murmurs  or  other  alterations  in  the  sound  caused  by  changes  in  the 
aortic  valves  are  heard  most  clearly  at  this  t^pot.  But  even  here  the  sound 
is  not  exclusively  of  aortic  origin,  for  in  certain  cases  in  which  the  semilunar 
valves  on  the  two  sides  of  the  heart  are  not  wholly  syuuhronouaiu  action  the 
Round  heard  here  is  double  ("  reduplicated  second  muind  "),  one  l>eing  due  to 
the  aorta,  and  on©  to  the  pulmouary  artery.  When  the  souml  is  listened  to 
on  the  left  sideof  the  sternum  at  the  same  level,  the  pulmonary  artery  is  sup- 
posed to  have  the  chief  share  in  producing  what  is  heard,  and  changes  in  the 
sound  heard  more  clearly  here  than  on  the  right  side  are  taken  as  iudications 
of  mischief  in  the  pulmonary  valves. 

Tlie  first  sound,  longer^  duller,  and  of  a  more  "  booming  "  character  than 
the  second,  heard  with  greatest  distinctnes3  at  the  spot  where  the  cardiac 
impulse  is  felt,  presents  many  difficulties  in  the  way  of  a  complete  explana- 
tion. It  is  heard  distinctly  when  the  chest-walls  are  removed.  The  cardiac 
impulse,  therefore,  can  have  little  or  nothing  to  do  with  it.  In  point  <if  lime 
it  is  coincident  with  the  systole  of  the  ventricles,  and  may  be  heard  to  the 
greatest  advantage  at  the  spot  of  the  cardiac  impulse — that  is  to  say,  at  the 
place  where  the  ventricles  come  nearest  to  the  surface,  and  to  which  sounds 
generated  in  the  ventricle  would  be  beat  conducted. 

It  is  more  closely  coincident  with  the  closure  and  consetiuent  vibrations  of 
the  auriculo-ventricular  valves  than  with  the  entire  systole  ;  for,  on  the  one 
hand,  it  ilies  away  before  the  second  sound  begins,  whereas,  as  we  shall  see,  the 
actual  systole  lasts  up  to,  if  not  beyond,  the  closure  of  the  semilunar  valves; 
and,  on  the  other  hand,  the  nuricuhj-vcutrlcular  valve  ceases  to  be  tense  and  to 
vibrate  as  soon  as  the  contents  of  the  ventricle  are  driven  out.  This  suggests 
that  the  sound  is  caused  by  the  sudden  tension  of  the  auriculo-ventricular 
valves,  and  this  view  is  supported  by  the  facts  that  the  sound  is  obscured, 
altered,  or  rej)laced  by  murmurs  when  the  tricu»pid  or  mitral  valves  are  dis- 
eased, and  that  the  sound  is  also  altered,  or,  according  to  some  observers, 
wholly  done  away  with,  when  blood  is  prevented  from  entering  the  ven- 
tricles by  ligature  of  the  vei):e  cavse.  Ou  the  other  band,  the  sound  has  not 
the  sharp  character  which  one  would  expect  in  a  sound  generated  by  the 
vibration  of  membranes  such  as  the  valves  in  question,  but  in  its  booming 
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lUes  rather  auggeata  &  muacular  sounfL  Further,  according  to  some 
ren,  the  aound,  though  somewhat  modiBed,  may  still  be  heard  whea 
the  large  veins  are  clamped  so  that  no  blood  enters  the  veDtricle,  and,  indeed, 
■MT  be  recognized  in  the  few  beatd  given  by  a  mamnialiau  ventricle  rapidly 
C0t  ool  of  the  living  body  by  an  incision  carried  below  the  auriculo-veu- 
tncular  ring.  Hence  the  view  has  been  adoptei]  that  this  first  sound  is  a 
■MMColar  sound.  In  discussing  the  muscular  sound  of  skeletal  muscle  (see 
{80)»  «e  saw  reasnoB  to  distrust  the  view  that  this  sound  was  generated  by 
lh«  repeated  individual  simple  contractions  which  made  up  the  tetanus,  and 


corresponded  in  tone  to  the  number  of  those  simple  contractions  re- 
plied in  a  second,  and  to  adopt  the  view  that  the  sound  was  really  due  to  a 
rapciitioD  of  unequal  tensions  occurring  in  a  muscle  during  the  contraction. 
Xow,  the  ventricular  systole  is  undoubtedly  a  simple  contraction,  a  prolonged 
naple  contraction,  not  a  tetanus,  and  therefore  under  the  old  view  of  the 
nature  of  a  muscular  sound,  could  not  produce  such  a  sound  ;  but,  accepting 
tbe  other  view,  and  reflecting  how  complex  must  be  the  course  of  the  systolic 
wave  of  contraction  over  the  twisted  tibrea  of  tbe  ventricle,  we  shall  not  find 
ercAt  difficulty  in  supposing  that  that  wave  is  capable  in  iu  progress  of  pro- 
aacing  such  repetitions  of  unequal  tensions  as  might  give  rise  to  a  "muscular 
mmd,"  and  consequently  in  regarding  the  Brst  sound  as  mainly  so  caused. 
Ace^ting  such  a  view  of  the  (trigin  of  the  sound,  we  should  expect  to  find 
\ht  teiisicm  of  tbe  muscular  fibres,  and  so  the  nature  of  sound  dependent  on 
th«  quantity  of  fluid  present  in  the  ventricular  cavities,  and  hence  modified 
far  ligature  of  the  great  veins,  and  still  more  by  tbe  total  removal  of  the 
auricles  with  the  auriculo-ventricular  valves.  \Ve  may  add  that  we  should 
expect  to  find  it  modified  by  the  escape  of  blood  from  the  ventricles  into  the 
•fterica  daring  the  systole  itself,  and  might  regard  this  as  explaining  why  it 
ifiti  away  before  the  ventricle  has  ceased  to  contract. 

ICofeover,  seeing  that  the  auriculo-ventricular  valves  must  be  thrown  into 
wuidta  tension  at  the  onset  of  tbe  ventricular  systole,  which,  as  we  have  seen, 
iiderelopeii  with  considerable  rapidity,  not  far  removed  at  all  events  from 
iKe  rapiility  with  which  tbe  semilunar  valves  are  closed,  a  rapidity,  there- 
fart,  cafiable  of  giving  rise  to  vibrations  of  the  valves  adequate  to  produce 
atoond,  it  is  difficult  to  escape  the  conclusion  that  the  closure  of  these  valves 
must  als4>  generate  a  sound,  which  iu  a  normally  beating  heart  is  mingled 
in  tocue  way  with  the  sound  of  muscular  origin,  although  the  ear  cannot 
^Utoct  tbe  mixture. 

If  w©  accept  this  view,  that  the  sound  is  of  double  origin,  partly  "  muscu- 
lar."  partly  "  valvular,*'  both  causes  being  dependent  on  the  tension  of  the 
Ttnlricular  cavities,  we  can  perhaps  more  easily  understand  how  it  is  that 
the  normal  first  sound  Is  at  times  so  largely,  indeed  we  may  say  so  com- 
pMy,  altered  and  obscured  in  diseases  of  the  auriculo  ventricular  valves. 

8bw  the  left  ventricle  forms  the  entire  left  apex  of  the  heart,  the  murmurs 
or  Qtber  changes  of  the  first  sound  heard  mostdistinctly  at  the  spot  of  cardiac 
Mpalae  belong  to  the  mitral  valve  of  the  leil  ventricle.  Murmurs  generated 
iatbe  tricuapid  valve  of  the  right  ventricle  are  heard  more  distinctly  in  the 
line  below  the  end  of  the  sternum. 


Ridocardiac  iVewiiftf, 


(Ul.  Since  the  heart  exists  for  the  purpose  of  exerting  pressure  on  the 
Mod  within  its  cavities,  by  which  pressure  the  circulation  of  tbe  blood  is 
Acted,  the  studv  of  the  characters  of  this  endocardiac  pressure  possesses 
gnu  interest.     Cnfortunalely,  the  observation  of  this  pressure  is  attended 
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wilh  great  difficulties.  The  ordinary  mercury  manometer  whicb  is  so  useful 
in  studying  the  pressure  irt  the  arteries  fails  us  when  applied  lo  the  heart. 
It  is  true  that  a  long  canuta,  or  tube  open  at  the  end,  filled  with  sodium 
carboDAte  solution,  may  be  introduced  into  the  jugular  vein  and  so  slipped 
down  into  either  the  rij^ht  auricle  or  the  right  ventricle,  or  may  he  similarly 
introduced  iut(j  the  carotid  artery  and  with  care  8lippe<l  down  through  the 
aorta,  past  the  semilunar  valves,  iuto  the  lei'i  ventricle,  and  having  been 
thus  introduced  may,  like  the  ordinary  canula  used  in  studying  arterial 
pressure  (§  115),  be  brought  into  coDuectton  with  a  ujercury  manometer. 
In  this  way,  as  lu  the  case  of  an  artery,  a  graphic  record  may  tie  obtainefi  of 
the  changes  of  pressure  taking  place  in  either  of  the  above  three  cavities. 
But  the  changes  in  the  ventricular  cavities  are  so  great  and  rapid,  that  the 
inertia  of  the  mercury,  an  evil  in  the  case  of  an  artery,  comes  so  largely  iuto 
play  that  the  curve  descrilwd  by  the  float  on  the  mercury  is  far  from  being 
an  accurate  record  of  the  changes  of  pressure  in  the  cavity. 

The  mercury  manometer  may,  however,  be  made  to  yield  valuable  results 
by  aduptiug  the  ingenious  contrivance  of  converting  the  ordinary  manometer 
into  a  maximum  or  a  minimum  instrument. 

The  principle  of  the  nmxiitium  nianomoier.  Fi>f.  72.  consists  in  the  introduction 
into  the  tube  linwlim;  fntiu  iho  IiCiirt  m  the  mercury  cohiran,  of  a  (modified  cup- 
and  ball)  valve,  opciuug,   like  the  aortic  i§emiluiiar  valves,  easily  from  ihc  heart, 


FlQ.  Tl 


The  Maximim  M\NO-M>rrcii  of  Ooltz  am»  Ual-lk. 
A%eh  oonnertluii  li  m&dc  with  the  tube  leading  to  tbo  heart.  When  the  ^crvw-clAinp  k  In  closeJ, 
tlic  valve  r  comes  Into  action,  and  thu  liiBtrumcnt,  In  :he  po^ttlun  nf  the  rulvc  shown  In  the  fit^uro, 
Ifl  II  uiuxiiDum  niannnieter.  By  reversing  ihe  direction  of  r  it  is  converter^  Into  a  niiniuiuui  nwu- 
omeLer.  When  it  la  oiKined.  the  vurtatlonBor  pressure  are  oonvcyod  along  a.  and  tlte  Instrament  iheii 
ftCt«  like  AD  oMlnnrT  manometer. 

hut  closing  firmly  when  fluid  atlempt^  to  return  to  the  heart,  The  highest  pres- 
sure is  that  which  drivcf*  the  lonseaL  coluuju  uf  fluid  past  the  valve,  raising  the 
mercury  column  to  a  eorresponding  height.  Sieioe  this  column,  once  past  the 
valve,  cannot,  return,  the  mercury  rumaiuH  at  tlie  height  to  which  it  was  raised 
by  it  and  thus  records  the  maximum  pressure.  By  reversiu;?  the  direction  of  the 
valve,  the  mouometer  is  converted  from  a  maximum  into  a  minimum  instrument. 

The  maximum  manometer  applied  to  the  cavity  of  either  ventricle  or  of 
the  right  auricle,  gives  a  record  of  the  highest  pressure  reached  within  that 
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Gftritjy  ftod  the  minimum  manometer  Btmilarly  shows  the  lowest  pressure 
wohcJ,  during  the  time  that  the  instrument  is  applied. 

The  maximum  manometer  thus  employed  shows  that  the  maximum  pres- 
ffire  in  the  let\  ventricle  is  distinctly  greater  than  the  mean  pressure  in  the 
•oita  (the  ordinary  mercury  manometer  having  previously  given  the  para- 
4(UticM  reeult,  due  to  the  Inertia  of  the  mercury,  that  the  mean  pressure  in 
Ike  le/b  ventricle  might  be  lesa  than  in  the  aorta),  that  the  maximum  pren- 
nre  in  the  right  ventricle  is  less  than  in  the  lefl,  and  in  the  right  auricle  ia 
itill  less.  In  the  dog,  for  example,  the  pressure  in  the  left  ventricle  reaches 
ft  maximum  of  about  140  ram.  (mercury),  in  the  right  ventricle  of  ahont  liO 
mm.,  and  in  the  right  auricle  of  about  20  mm. 

But  the  chief  interest  attaches  to  the  minimum  pressure  observe<1;  for  the 
miDimom  manometer  records  a  negative  pressure  in  the  cavities  of  the  heart — 
i  f^  shows  that  the  pressure  in  them  may  fall  below  that  of  the  atmosphere. 
Thus  in  the  left  ventricle  (of  the  dog)  a  minimum  pressure  varying  from 
— 52  to  — 20  mm.  may  be  reached,  the  minimum  of  the  right  ventricle 
being  from  — 17  to  — 16  mm.,  and  of  the  right  auricle  from  — 12  to  — 17  mm.* 
Purl  of  this  diminution  of  pressure  in  the  cardiac  cavities  may  be  due,  as 
will  be  explained  in  a  later  part  t>f  this  work,  to  the  aspiration  of  the  thorax 
in  the  respiratory  movements.  But  even  when  the  thorax  is  opened,  and 
artificial  respiration  kept  up,  under  which  circumstances  no  such  aspiration 
takes  place,  a  negative  pressure  is  still  observed,  the  pressure  in  the  left  ven- 
tricle still  sinking  as  low  as  — 24  mm.  Now.  what  the  instrument  actually 
ihowi  is  that  at  some  time  or  other  during  the  number  uf  beats  which  took 
pUoe  while  the  instrument  was  applied  (and  these  may  have  been  very  few) 
tlw  pressure  in  the  ventricle  sank  so  many  mm.  below  that  of  the  ntmosphere. 
Since  the  negative  pressure  is  ol>6t'rved  when  the  heart  is  beating  quite  regu- 
brijr,  each  beat  being  exactly  like  the  others,  we  may  infer  that  a  negative 
■nMors  occurs  at  some  period  or  other  of  each  cardiac  cycle.  But  the 
taitrament  obviously  gives  us  no  information  as  to  the  exact  phase  of  the 
Wat  in  which  the  negative  pressure  occurs;  to  this  point  as  well  as  to  the 
importaoce  of  this  negative  pressure  we  shall  return  presently. 

§  1^.  The  difficulties  due  to  the  inertia  of  the  mercury  may  be  obviated 
bj  silopting  the  method  of  Chauveau  and  Marey,  which  consists  in  intra- 
docifig  ia  a  large  animal  such  as  a  horse,  through  a  bloodvessel  into  a  cavity 
of  the  heart,  a  tube  ending  in  an  elastic  bag  (Fig.  73,  A)  fashioned  something 
like  a  sound,  both  tube  and  bag  being  tilled  with  air,  and  the  tube  being 
coniiected  with  a  recording  "  tambour.** 


A  tqhe  of  appropriate  curvature,  A.  b,  Fiff.  73.  is  furnished  at  its  end  with  an 
sWic  liai;  or  "ampulla"  a.  When  it  is  desired  to  explore  simultaneousty  both 
aaride  iir>d  ventricle,  the  ftound  \»  furnished  with  two  amnnllfr  with  two  small 
ckstic  baiEB.  ODO  at  the  extreme  end  and  the  other  at  such  a  distance  that  when 
Ue  former  is  within  the  cavity  of  the  ventricle  the  latter  ia  in  the  cavity  of  the 
imids.  Such  an  instrument  isR|>oken  of  as  a  "cardiai;  mmnd."  Each  *'  ampulla" 
— lUHJeates  by  a  8«}>aral4>  air-tii|;ht  tube  with  an  airtight  tambour  (Fi^.  7-'t.  11) 
SI  which  a  lever  rests,  80  that  any  preatiure  on  the  ampulla  ia  commtiuicftted  to 
dtt  cavity  of  its  respective  tambour,  the  lever  of  which  \a  raised  in  proportion. 
Wiflj  two  ampulbe  are  used  the  writing  points  of  both  lovers  are  brought  to  bear 
<a(b«8amc  recordine  gurfaec  exactly  underneath  each  other.  The  tube  is  care- 
&l)t  introduced  through  the  right,  jui^ilar  vein  into  the  right  side  of  the  heart 
taw  ihc  lower  (ventricular)  ampulla  i:^  fairly  in  the  cavity  of  the  rixht  ventricle, 
Md cooaetiaeutly  the  up|>er  (uuricnUr)  ampulla  in  the  cavity  of  the  right  auricle. 
Ckaapsoi  preasurc  on  either  auipultii  then  cause  movements  of  the  correspond inc 
Wrv.    VTben  the  prrasure,  for  inhtance,  on  the  ampulla  in  the  auricle  is  increaseOt 

1^90  Bwat>era  arv  to  be  r4>iL«14crM  mcroly  as  InstanceB  which  hav«  been  otiterved.  and  uot  aa 
wa  flKHn  a  Urge  Diimter  of 


^^««r««a4m 
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the  auricular  lever  is  raised  and  describes  on  the  recording  surface  an  aseeuding 
curve  ;  when  the  pressure  is  taken  off  the  curve  desceods ;  and  bu  also  with  the 
ventricle. 

The  "sound"  may  in  a  similar  niatiner  bo  readily  introduced  through  the 
carotid  arter>-  into  the  UJl  ventn'ck  and  the  chaugea  taking  place  in  that  chatuber 
aUo  explored- 


Fio.  73. 


MaKKV'S  TaMUOLII,   WITU   CiltDMC  9l)Ut(D. 

A.  A  simple  csrdlac  sound  xttcli  u  may  be  otted  Tnr  Gxplnmtion  af  the  left  ventricle.  Tbe  portinn 
a  or  the  HmpullH  at  tbc  end  in  of  ihln  ludlft-rubbcr.  Rlrctchcd  over  an  opcu  n^mework  wltb  met&lllc 
lupportMitiove  auil  belo^r.  Tho  long  tube  baerTCs  tolntruducc  it  Into  the  carlty  whiob  It  ia  desire*] 
to  explore. 

B.  Tho  umbour.  The  metal  chamber  m  la  covured  In  an  aJr-tlght  manner  with  tbe  Indla-nibbcr 
c,  bmriug  a  tlilii  metal  plate  m'  to  which  Is  uttacbed  the  lever'  moving  ou  tbti  binge  A.  The  whole 
tambour  can  be  pluocd  by  means  of  tho  rlump  cl  at  any  height  un  tho  upright  x*.  Tbe  India-rubber 
tiitie  ( MSTCS 10  connect  the  Interior  of  the  tAmb«>ur  either  wltb  tticcarltyof  the  ampulla  or  A  or  with 
EDIT  other  cavity.  SupiKjsing  that  ihu  tiilM!  t  wen.-  couni'Ctefl  with  6,  any  prewiirv  exerted  on  n  would 
GftUJie  the  root  of  tbe  tambour  to  rlM  nnd  the  poltit  of  the  lever  would  be  pmportlonately  rolMod. 


When  this  instrument  is  applied  to  the  right  auricle  and  ventricle  some 
Buch  record  ie  obtained  as  that  shown  in  Fig,  74,  where  the  upper  curve  is  a 
tracing  taken  from  the  right  auricle  and  the  kiwer  curve  from  the  right 
ventricle  of  the  horse,  both  curves  being  taken  simultaneously  on  the  aame 
recording  surface. 

In  these  curves  the  rise  of  the  lever  indicates  pressure  exerted  upon  the 
corresponding  ampulla,  and  the  upper  curve  from  the  right  auricle  shows 
the  sudden  brief  pressure  {b)  exerted  by  the  euddeu  and  brief  auricular 
systole.  The  lower  curve  from  the  right  ventricle  shows  that  the  pressure 
exerted  by  the  ventricular  systole  begins  almost  immediately  after  the  auricu- 
lar systole,  increases  very  rapidly  indeed,  so  that  the  lever  rises  in  almost  a 
straight  line  up  to  c',  is  continued  for  some  consttlerable  time,  aud  tlieu 
fails  very  rapidly  to  reach  the  base  line.  But  it  may  be  doubted  whether 
the  instrument  can  be  trusted  to  tell  much  more  than  this.  The  pressure 
recorded  by  each  lever  is  the  jireasure  exerted  on  the  ampulla,  and  this 
may  continue  to  be  exerted  after  afl  Mood  has  been  discharged  from  the 
cavity,  the  walls  of  the  emptied  cavity  cloaiug  round  and  pressing  on  the 
ampulla.  But,  as  we  shall  presently  see,  it  is  nf  great  interest  to  determine, 
Qot  only  the  force  and  duration  of  the  pressure  exerted  by  tbe  ventricular 


74. 
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but  alflo  whether  or  no  the  fibres  COD  tio lie  coDtracted  and  exerting 
ire  fur  an  appreciable  time  after  the  blood  haa  been  forced  out  of  the 
MTitj.  The  figure,  moreover,  it  need  hardly 
b«  Miid,  doe8  Dot  by  itself  give  any  ioforrua- 
tioo  M  to  ihe  relative  amounts  of  preaeure  ex- 
erted by  the  auricle  and  ventricle  respectively. 
la  the  curve  the  auricular  lever  rises  about 
kftlf  ma  hieh  as  the  ventricular  lever;  but  we 
■oai  not  infer  from  this  that  the  auricular 
ttroka  is  half  as  Btn)ng  as  the  ventricular 
itroke;  the  former  is  arranged  so  as  to  mnve 
much  more  readily,  to  be  much  more  sensitive 
tban  the  latter.     The  instrument,  it  is  true, 

■aj  be  experimentally  graduateti,  and  may 

then  be  used  to  determine  the  actual  amount 

«f  DffcoBure;  but  for  this  purpose  is  not  wholly 

■Imbctory.     We  may  add  that  the  irregu- 

kritiee  seen  on  the  ventricular  curve  dunng 

the  veDtricul&r  systole,  and  ou  the  auricular 

corre  at  the  same  time,  have  given  rise  to 

mach  debate,  and  need  not  be  discussed  here. 

On  the  whole,  the  method,  though  useful  for 

iTiiig  a  graphic  view  of  the  series  of  events  within  the  cardiac  cavities 

i  cardiac  cycle,  the  short  auricular  pressure,  the  long-continued  ven- 

prasure,  lasting  nearly  half  the  whole  period,  and  the  subsequent 

rn.  76. 


SmrLTAKEors  TRAmir.«  non  ram 
Hir.oT  AriucLE  AM)  Vektiiiclb  or 
inK  HoKSE.  (After  Chacvkau  «d(] 
Mahky.) 


Cvkvm  or  Extw^cirdiac  PxrMtvKc.    Piinv  "Ltrr  VKNTiucts  or  Doa. 
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Ftgi.  76, 77,  are  cxptftlaed  Id  the  t«xt. 
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pause  when  both  parU  are  at  ret^t  or  io  diaatole,  cannot  with  safety  be  used 
fi*r  drawing  more  detailed  conclui^inna. 

Perhaps  the  least  untrustworthy  method  of  recording  the  changes  of  endo- 
cardiac  pressure  is  that  receutly  introduced  by  Roy  and  RoUeaton,  though 
difficulties  present  themselves  iu  the  interpretation  of  the  curves  obtained 
by  it. 

By  luean^*  of  a  short  canula  introduced  throuKh  a  lar^o  ve<<8eK  or  directly,  aa 
a  trocar,  through  the  wuIIk  (d'  the  ventricle  (or  auricle),  the  blood  in  the  cavity  is 
broujihl  to  bear  on  an  i^u^ily  moving  piston.  The  iiioveinenLs  of  the  piston  are 
recorded  by  a  Itner,  ami  the  i-vils  of  inerti.i  aiv  met  hy  makinjr  the  piston  and 
lever  work  ftgainut  the  torHion  of  u  fltcel  ribbna,  the  length  of  which,  and  oonse- 
quently  the  resiHtanee  offered  by  which,  and  hence  the  ext-ursiona  of  the  piston, 
can  be  varied  at  pleasure. 

The  curves  obtained  by  this  method  vary  according  to  circumstances.  We 
may  take  hh  fair  examples  two  curves  from  the  lefl  ventricle,  one  (Fig. 
75,  A)  of  a  rapidly  beating,  and  the  other  (Fig.  7f>t  B)  of  a  slowly  beating, 
heart. 

§  133.  In  attempting  to  interpret  these  curves  with  the  view  of  learning 
the  changes  of  pressure  taking  place  iu  the  heart,  it  is  desirable  to  study 
them  m  connection  with  the  tracing  of  which  we  have  already  spoken 
(Fig.  76),  taken  by  means  of  a  light  lever  placed  on  the  exposed  veutricle, 

FtO.  76. 


(See  Fig.  71.) 


and  which,  as  we  have  seen,  is  a  curve  of  the  changes  taking  place  in  the 
front-to-back  diameter  of  the  ventricle;  or  we  may  use  what  is  very  nearly 
the  same  thing,  viz.,  a  cardiugraphic  tracing  (Fig.  77)  ;  that  is  to  say  a 
tracing  of  the  cardiac  impulse  wltich  is  a  curve  of  changes  io  the  pressure 
exerted  by  the  apex  of  the  heart  on  the  chest-wall. 

Various  fnrms  of  cardio>rraph  have  been  used  to  record  the  cardiac  inipulcie.  In 
some  the  im^ssure  nf  the  impulse,  lu*  in  the  sphygmotfraph,  ih  transmitted  directly 
to  a  lever  which  writes  upon  a  inivelhng  surface,  In  others  the  impulse  is,  by 
means  of  an  ivory  button,  bmujilit  tu  hertr  un  uq  aircbauibcr,  connected  by  a 
tube  Willi  u  tambour,  as  in  V\fi.  7  i  ;  the  pressure  of  the  cardiac  impulse  com- 
presses the  air  in  the  air-ehamber,  and  through  this  the  air  in  the  ebiiinber  of  the 
tambinjr  by  whioli  the  lever  is  raised.  In  such  delicate  and  complicated  move* 
uient}^  as  tho.sc  of  the  heart,  however,  the  use  of  long  tubes  filled  with  air  is  liable 
to  introduce  various  errors. 

We  may  begin  our  study  of  these  curves  at  any  point  in  the  cycle ;  let  it 
be  the  pfiint  h'  in  Fig.  75.  From  this  point  the  curve  rises  very  abruptly, 
almost  in  the  vertical  line,  to  a  tnaximura  ate,  and  the  same  sudden  large  rise 
to  a  maximum  occurs  in  the  front-toback  diameter  of  the  ventricles  (Fig. 
76)  and  in  the  pressure  of  the  apex  against  the  chest-wall  (Fig.  77).     There 
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e»»  be  DO  doubt  that  this  correspouiU  to  the  Brst  part  of  the  systole  of  the 
Tfiotricl^s.     By  the  sudden  onset  of  the  contraction  of  the  ventricular  fibres 

Ere  is  brought  to  bear  on  the  contents  of  the  ventricJe,  and  there 
M  yet  DO  escape  for  the  blood,  by  the  increasing  contraction  uf 
tnm  the  pressure  becomes  greater  and  greater.  At  the  point  e  a 
clMJig«  takes  place  in  all  three  curves;  the  ride  is  converted  into  a  fall, 
which,  however,  is  very  gradual  as  far  as  d.     lu  the  case  of  the  front-to  back 

Fio.77. 


J 


CardiowXam  moM  Man. 


> 


I 


Hiameter  curve  (Fig.  7(5)  Ave  may  interpret  this  as  meaning  that  while  the 

ntinued  contraction  of  the  muscular  nbres  still   maintains  that  change  in 

lilt-  r\»rm  of  the  ventricle  by  which  the  fronl-to  buck  diameter  ia  increased, 

that  same  diameter  is  somewhat  lessened  by  a  diminution  of  the  volume  of 

the  ventricUs  due  to  the  escape  of  blood  into  the  great  arteries;  ami  the 

cardiographic  tracing  admits  of  a  similar  interpr*.'laiion — the  apex  relaxes 

ia  prcaare  on  the  chest-wali.     We  may  extend  the  same  interpretation  to 

tbe  presure  curve  (Fig.  75).     Somewhere  about  e  the  pressure  in  the  ( letl) 

VMtriole  has  become  higher  than  the  pressure  in  the  aorta,  and  in  conse- 

^veaoe  blood  escapes  from  the  former  into  the  latter.     Whether  the  exact 

Boment  of  the  opening  of  the  valves  is  absolutely  identical  with  the  turn  of 

tW  curve  at  c,  the  curve  beginning  to  fail  at   tlie  moment  when  the  area  of 

bigh  pressure  in   the  ventricle  is  made  continuous  with  the  area  of  lower 

prcflBure  in  the  aorta,  or  whether  it  occurs  a  little  before  c,  the  still  increaa- 

log  contraction  of  the  ventricular  fibres  still  increasing  the  pressure  on  the 

Mlumn  of  blood  as  it  begins  Xu  move  from  the  cavity  of  the  ventricle  into 

iW  at^rta,  may  be  lefl  for  the  present  undecided.     The  sudden  fall  from  d  to 

a  Mimitfi  of  only  one  interpretation,  and  that  in  all  the  curves ;  this  can  only 

b»  due  to  the  sudden   relaxation  of  the  muscular  fibres  of  the  ventricle, 

whereby  the  front-to-back  diameter  suddenly  diminishes,  the  apex  suddenly 

ecsMM  to  press  on  the  chest-wall,  and  the  prawitre  which  the  ventricular 

Wilts  were  previously  exerting  on  the  fluid  iu  the  cauula  introduced  into 

ia  cavity  also  suddenly  ceases.     From  b'  to  d,  then,  the  ventricular  walla 

sr«8tiJ)  cootracing;  during  the  whole  of  this  time  the  real  systole  is  being 

oootioued,  but  gives  place  at  d  tct  a  raf>id  relaxation  which  ushers  iu  or  forms 

Uwfint  part  of  the  sequent  diiif^tole.     Some  little  time  after  the  beginning 

«f  this  systole,  somewhere  about  r,  as  we  have  seen,  blood  begins  to  escape 

from  the  ventricle  into  the  aorta  ;  this  escape  is  certainly  completed  by  tne 

liatdii  reached,  and  we  have  reason  to  think  that  it   is  really  completed 

•one  little  time  before.     The  entrance  into  the  aorta  of  the  column  of  blootl 

i^ccted  by  the  ventricle  distends  that  vessel,  and  the  distention  passes  on,  as 

ve  have  seen,  along  the  arterial   track   as  the   pulse.     If,  now.  we  measure 

ibe  lime  during  which  the  aorta,  even  near  the  heart,  is  being  distended 

hr  the  ioje<;tion  of  the  ventricular   contents,  we  find    this  to  be  appreci- 

u>W  Itm  than  the    time   from   c  to   d,  during  which    the   systole  of  the 

vvotnclc  is  still    going   on,    though    the   contents   have  already  begun  to 

<Mape  at  about  r.     This  means  that  the  ventricle,  though  empty,  remains 

OBOtmcted  for  some  little  time  afler  its  contents  have  left  the  cavity.     It  is 

pcaiblc  that  the  point  c  in  the  three  figures  under  discussion,  wbere  the 
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desceot  of  the  lever  changpfl  in  rntc,  becoming  less  rapid,  correapumU  to  the 
end  of  the  outflow  from  the  ventricle ;  but  ihis  is  not  certain,  and.  indeed, 
the  exact  interpretatiou  of  this  part  of  the  curve  is  especially  difficult. 

The  eflcape  from  the  ventricle  is  rapid  and  forcible;  the  flow  ceases  sud- 
denly. Hence,  as  we  have  already  staled,  $  127,  owing  to  the  column  of 
blood  tending  to  move  on  by  virtue  of  its  inertia  after  the  propelling  force 
has  ceased  to  act.  a  negative  pressure  makes  its  appearance  behind  the  column 
of  blood  discharged  from  the  ventricle^  and  na  soon  as  the  column  is  lodged 
in  the  aorta  leads  to  a  reflux  toward  the  ventricle.  This  reflux  would  of 
itself  have  the  eflect  of  closing  the  valves  even  were  the  aorta  a  rigid  tube. 
But  the  aorta  is  extensible  and  elastic  and  the  cflecta  of  the  raovcmenl  of 
the  column  of  fluid  are  combined  with  the  etfects  of  the  movement  of  the 
arterial  walls;  the  elastic  action  of  the  arterial  walls,  in  a  manner  which  we 
shall  discuss  later  on  in  dealtug  with  the  pulse,  also  leads  to  a  reflux.  It  has 
been  urged  that  the  retlux  due  to  the  negative  pressure  of  the  mere  move- 
ment of  the  column  of  blood  being  more  rapid,  occupy  indef>endently  of  and 
earlier  than  the  reflux  due  to  the  elastic  recoil,  the  former  closing  the  valves, 
the  latter  securing  their  complete  closure.  Ba  this  so  or  uu  the  valves  are 
probably  closed  almost  immediately  after  the  escape  of  the  ventricular  con- 
tents, though  observers  are  not  agreed  upon  this  [>oint,  some  urging  that  the 
valves  are  not  closed  until  so  late  a  period  as  the  point  rf,  just  as  relaxation 
is  about  to  begin.  In  the  curves  we  are  now  considering,  a  notch,  followed 
by  a  rise,  or  at  least  a  more  or  less  abrupt  change  in  the  course  of  the  curve 
at  </,  is  sometimes  observed  in  that  part  of  the  curve  which  intervenes  between 
the  first  large  rise  and  the  final  sudden  fall  ;  and  this  secondary  rise  has  been 
taken  to  indicate  the  chiaure  of  the  semihmur  valves.  Sometimes  two  such 
notches  and  peaks  are  seen,  and  theoccurrenceof  the  two  has  been  attributed 
to  a  want  of  synchroniem  in  the  closure  of  the  pulmonary  and  aortic  semi- 
lunar valves,  the  latter  closing  some  little  time  before  the  former.  But  it  is 
bv  no  means  clear  that  these  notches  and  peaks  are  thus  due  to  the  closure 
of  the  valves;  they  may  possibly  have  another  origin,  they  are  not  always 
present,  and  indeed  it  does  not  seem  certain  that  the  closing  of  the  valves 
should  necessflrily  make  an  impress  on  the  ventricular  curve. 

§  134.  In  the  performance  of  the  ventricle  then  (and  what  has  been  uiid 
of  the  left  ventricle  applies  alBo  to  the  right  ventricle)  there  appear  to  be 
four  stages: 

1.  A  rapid  *' getting  up"  of  pressure  within  the  ventricle,  al!  the  valves 
being  as  yet  closed ;  this  continues  until  the  pressure  within  the  ventricle, 
becoming  greater  than  that  in  the  aorta,  throws  open  the  aortic  valves. 

2.  The  escape  of  the  conteuls  of  the  ventricle  into  the  aorta,  the  contrac- 
tions of  the  ventricular  walls  still  continuing, 

•S.  Further  njuinteuBuce  of  the  contraction  for  some  little  time  after  the 
main  body,  at  all  events,  of  the  contents  have  passed  the  aortic  valvea;  by 
this  the  complete  emptying  of  the  ventricle  seems  a^ured. 

4.  Sudden  and  rapid  relaxation  of  the  ventricular  walls. 

These  four  event*  together  make  up  a  large  portion,  and  in  a  quickly 
beating  heart  the  greater  portion  of  the  whole  cardiac  cycle. 

Meanwhile,  that  is.  during  the  time  from  b'  to  a,  hlood  has  been  flowing 
from  the  great  veins  into  the  auricle;  during  the  interval  from  b'  to  d  none 
of  this  can  pass  into  the  ventricle  since  this  is  still  contracted,  but  with  the 
commencement  of  relaxation  from  d  onward  there  is  uo  longer  any  obstacle; 
on  the  contrary,  as  we  shall  see,  an  inducement  tor  the  blood  to  pass  from 
the  auricle  into  the  ventricle. 

For  a  brief  time,  as  we  have  seen,  there  is  probably  an  unbroken  flow 
from  the  great  veins  (pulmonary  or  venffi  cavsej  through  the  auricle  into  the 
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e,  leading  to  a  steady  but  Blight  increase  of  the  frontto-back  diam- 
eter, to  a  alight  pressure  of  the  apex  od  the  cheat-wail^  aud  to  a  alight 
iacreaaeof  intra-veDtricuIar  pressure,  especially  shown   in   the  curve  of  the 
•lowly  beating  heart  of  the  horse  (Fig.  74).     In  Fig.  76  the  sudden  rise  due 
lo  tlw  ventricular  systole  i£  preceded  by  a  rise  b  followed  by  a  fall,  forming 
ibat^aA  it  were,  a  shoulder  on  the  curve.     This  has  been  interpreted  as  indi- 
oling  the  sharp  transient  auricular  systole;    the  sudden   injection  of  the 
soriimlar  coDtents  into  the  ventricle  increases  the  front-to-back  diameter  of 
tlie  veDlricle,  and  the  momentum  of  the  rapid  stroke  being  considerable,  the 
er  is  in  each  case  carried  too  far  forward,  so  that  the  rise  is  followed  by  a 
pru«iiicing  a  notch.     A  similar  though  somewhat  different  shoulder  ia 
seen  in  the  cardiogram.  Fig.  77.     In  the  curve  of  ventricular  pressure 
by  means  of  the  cardiac  sound  (Fig.  74)  there  is  a  similar  temporary 
6'  in  the  ventricular  pressure  coincident  with  the  auricular  stroke  6, 
■ad  in  the  "  piston  "  pressure  curve  of  the  rapi^Ily  beating  heart  (Fig.  75,  A) 
th«re  ia  a  similar  shoulder  6  just  preceding  the  rise  of  the  ventricular  systole. 
The  aveaning  of  the  last  curve  is.  however,  doubtful,  for  in  the  similar  curve 
^^I'the  more  slowly  beating  heart  (Fig.  75,  B)  it  occurs  immediately  after  the 
^■cUxation  of  the  ventricle,  some  timt  before  the  occurrence  of  the  auricular 
^^^itole,  and  in  many  curves  taken  by  the  same  methml  is  absent  altogether. 
^Rbe  exact  meaning,  therefore,  of  the  shoulder  b  in  the  other  curves  must  be 
kft  at  present  undecided. 

}  186.  We  have  still  to  consider  the  negative  pressure  shown  by  the  mini- 
■wm  manometer.  This  instrument,  as  we  have  said,  merely  shows  that  the 
ptHKire  in  the  ventricle  (or  auricle)  hecomea  negative  at  some  phase  or  other 
of  the  cardiac  cycle,  but  does  not  tell  us  in  which  phase  it  occurs. 

Now  there  are  two  ways  in  which  such  a  negative  pressure  might  originate. 

In  the  first  place,  as  we  have  just  seen,  a  negative  pressure  makes  its  appear- 

■ftce  io  the  rear  of'  the  column  of  blood  driven   from  the  ventricle  into  the 

aatta  with  great  suddennensand  rapidity.     But  this  negative  pressure,  as  we 

hare  alao  seen,  follows  the  column  into  the  aorta  past  the  semilunar  valves, 

aod  in   part  at  all   events  determines  the  closure  of  the  semilunar  valves. 

Hfl&ce   if  this  is  the  negative   pressure  which    the   minimum    manometer 

reeards,  it  ought  to  be  shown  not  only  when  the  end  of  the  tube  connected 

with  the  manometer  is  in  the  cavity  of  the  ventricle,  but  also  when  the  tube 

ii  ftlipped  out  of  the  ventricle  just  past   the  semilunar  valves.     When   the 

tube,  however,  is  in  the  latter  situation  the  manometer  does  not  show  the 

^^  ame  marked  negative  pressure  that  it  does  when  the  tube  is  in  the  ventricle ; 

^■iKe  negative  pressure  which  occurs  in  the  aorta  at  each  beat  is  sufficient  to 

^B  prodnce  such  an  effect  on  the  minimum  manometer  as  is  produced  when  the 

^ft  VMrniDeot  is  in  the  ventricle.     Hence  we  infer  that  the  negative  pressure 

^^  ibovii  by  the  minimum  manometer  is  not  prmtuced  in  this  way.     We  may, 

■toreover,  conclude  that  the  semilunar  valves  are  closed  before  this  negative 

pnwre  makes  its  appearence  in  the  ventricle ;  otherwise,  however  produced, 

itvoQid  be  trasmitted  from  the  interior  of  the  ventricle  through  the  open 

Tilvfei  u>  the  root  of  the  aorta  beyond. 

But  there  is  another  event  which  might  give  rise  to  a  negative  pressure. 
Tbt  relsxation  of  the  ventricular  walls  is,  as  the  curves  (Jl'^ig.  75,  7(),  77) 
nam,  a  rapid  process,  something  quite  distinct  from  the  mere  tilling  of  the 
tmricular  cavities  with  blood  from  the  auricles;  and,  though  some  have 
^tj^cterl  to  the  view,  it  may  be  urged  that  this  return  of  the  ventricle  from 
Ilk OODtracted  (and  emptied)  mmdition  to  its  normal  form  would  develop  a 
Mgative  pressure.  This  return  is  probably  simply  the  total  result  of  the 
Mum  of  each  fibre  or  fibre  cell  to  its  natural  condition,  though  some  have 
«rgwl  that  the  extra  quantity  of  blood  thrown  into  the  coronary  arteries  at 


4 


222 


THE    VASCULAR    UBCHANISM 


the  systole  helps  to  unfuld  the  veutricles  fiomewhat  iu  the  way  that  fluid 
driven  between  the  two  walls  of  a  double-walled  collapsed  ball  or  cup  will 
unfold  it. 

Accepting  the  return  of  the  ventricles  to  their  normal  form  ae  the  cauae 
of  the  negative  presaure  (and  it  may  be  remarked  that  the  return  of  the 
thick-walled  left  ventricle  uaturally  exerts  a  greater  uejjative  pressure  than 
the  thin-walled  right  ventricle),  it  is  obvious  that  the  negative  pressure  will 
assist  the  circulation  by  sucking  the  blood  which  has  meanwhile  been  accu- 
mulated in  the  auricle  from  that  cavity  into  the  ventricle,  the  auriculo-ven- 
tricular  valves  easily  giving  way.  At  the  aame  time  this  very  flow  from  the 
auricle  will  at  once  put  au  end  to  the  negative  pressure,  which  obviously  c«n 
be  of  brief  duration  ouly.  It  may  further  be  urged  in  support  of  this  view, 
that  even  when  the  thorax  is  opened,  so  that  the  respiratory  movements  can 
DO  longer  act  toward  producing  a  negative  pressure  in  the  auricle  and  great 
veins  (i^  131),  a  minimum  manometer  placed  in  the  right  auricle  shows  fre- 
quently no  pressure  at  all  (that  is,  a  pressure  equal  to  that  of  the  atmosphere) 
and  sometimes  a  decidedly  negative  pressure.  Seeing  that  the  blond  under 
these  circumstances  is  being  driven  along  the  great  veins  by  a  pressure  which 
though  low  is  always  above  that  of  the  atmosphere,  we  may  conclude  that 
the  negative  pressure  produced  iu  the  ventricle  is  the  cause  of  this  lowering 
of  the  pressure  iu  the  auricle,  though  it  i»  unable  to  make  it£elf  felt  along 
the  great  veins. 

§  136.  Tke  duration  of  the  several  phases.  We  may,  first  of  all,  distinguish 
certain  main  phases:  (1 )  The  systole  of  the  auricles.  (2)  Thesystole,  proper, 
of  the  ventricles,  during  which  their  fibres  are  in  a  state  of  contraction,  last- 
ing to  d  iu  Figs.  75,  76,  77.  Qh  The  diastole  td  the  ventricles — that  is  to 
say,  the  time  intervening  between  their  fibres  ceasing  to  contract  and  com- 
mencing to  LMiiitract  again.  To  these  we  luav  perhap  add  (4)  The  pause  or 
rest  of  the  whole  heart,  comprising  the  period  from  the  end  of  the  relaxation 
of  the  ventricles  to  the  beginning  of  the  systole  of  the  auricles  ;  during  this 
time  the  walla  arc  undergoing  no  active  changes,  neither  contracting  nor 
relaxing,  their  cavities  being  simply  passively  lille<i  by  the  influx  of  bl<x>d. 

The  mere  inspection  of  almost  any  series  of  cardiac  curves,  however  taken 
— those,  for  instance,  which  we  have  just  discnased — will  show,  apart  from 
any  accurate  measurements,  that  the  systole  of  the  auricles  is  always  very 
brief,  that  the  systole  of  the  ventricles  is  always  very  pndonged — alwayh 
occupying  a  considerable  portion  of  the  whole  cycle — and  that  the  diastole  of 
the  whole  heart,  reckoneii  from  the  sud  either  of  the  systole  or  of  the  relaxa- 
tion of  the  ventricle,  is  very  various,  being  in  quickly  beating  hearts  very 
short  and  iu  slowly  beating  hearts  decidedly  longer. 

When  we  desire  to  arrive  at  more  complete  nieaaureraents,  we  are  obliged 
to  make  use  of  calculations  based  on  various  data;  and  these  give  only 
approximate  results.  Naturally,  the  most  interest  is  attached  to  the  dura- 
tion of  events  in  the  human  heart. 

The  datum  which  perhaps  has  been  most  largely  used  is  the  interval 
between  the  beginning  ctf  the  first  and  the  occurrence  of  the  second  sound. 
This  may  be  determined  with  approximate  correctness,  and  is  found  to  vary 
from  0.3U1  to  0.3'-i7  second,  occupying  from  40  to  40  per  cent,  of  the  whole 
period,  and  being  fairly  constant  lor  diflerent  rates  of  heart-beat.  That  is  to 
say,  in  a  rapidly  beating  heart  it  is  the  pauses  which  are  shortened,  and  not 
the  duration  of  the  actual  beats. 

The  observer,  listening  to  the  r^ounds  of  the  heart,  makes  a  signal  at  each  event 
on  a  recording  surface,  the  difTercnce  in  time  between  the  marks  being  tuensurcd 
by  means  of  the  vibrutions  of  a  tuiiiii^-fork  recorded  on  the  same  surfiioc.     Hr 

{iractice  it  is  found  possible  to  reduce  the  errors  of  observation  within  very  &mall 
imits. 


THE    HEART 


223 


r,  whatever  be  the  exact  causatiou  of  the  first  sound,  it  is  undouhtedly 
lent  with  the  systole  of  tbe  veutricles,  though  possibly  tlic  actiml  com- 
lent  of  its  becoming  audible  may  be  slightly  behind  the  actual  begin- 
of  the  muscular  contractious.  Similarly  the  occurrence  of  the  secoud 
'hich,  as  we  have  seen,  is  certainly  due  to  the  closure  of  tbe  semi- 
lUMr  valves,  has  been  taken  to  mark  the  close  of  the  ventricular  systole. 
And  on  this  supposition  tbe  interval  between  the  beginning  of  the  first  and 
tbe  occurrence  of  the  secttnd  sound  has  been  regarded  as  indicating  approxi- 
DuUelr  the  duration  of  the  ventricular  systole — i. «.,  the  period  during  which 
tbe  Tenlricular  fibres  are  contracting.  We  have,  however,  urged  above  that 
ibe  ventricles  still  remain  contracted  for  a  brief  period  after  the  valves  are 
'lat;  if  this  view  be  correct,  then  tbe  second  sound  does  not  mark  the  end 
the  systole,  and  the  duration  of  the  systole  is  rather  longer  than  the  time 
above. 

determination  of  the  separate  duration  of  each  of  the  three  periods  of 
Tbe  TMitricular  systole — viz.,  the  getting  up  of  the  pressure,  the  discharge  of 
tb«  contents,  and  the  remaining  emptied  but  contracted — is  subject  to  so 
moch  uncertainty  that  it  need  not  ha  insisted  on  here;  it  may,  however,  be 
nid  that,  roughly  sf^eaking,  eacli  f>haee  occupies  probably  about  0.1  second. 
In  a  heart  beating  72  times  a  minute,  which  may  be  taken  as  tbe  normal 
RBte»  «ftoh  entire  cardiac  cycle  would  last  about  0.8  second,  and  taking  0.3 
'  aa  the  duration  of  the  ventricular  systole,  the  deduction  of  this  would 
0.5  eecond  for  the  whole  diastole  of  the  ventricle,  including  its  relaxa- 
6ott,  the  latter  occupying  about  or  somewhat  less  thau  0.1  second.  In  the 
klter  part  of  this  period  there  occurs  the  systole  of  the  auricles,  the  exact 
4araiioo  of  which  it  is  difficult  to  determine,  it  being  hard  to  say  when  it 
i«allj  bej^jD^^  |)ut  which,  if  the  contraction  of  the  great  veins  be  included, 
Bay  perhaps  be  taken  as  lasting,  on  an  average,  0.1  second.  The  **  passive 
ral,"therefore,  during  which  neither  auricle  nor  ventricle  is  undergoing 
Hions,  lasts  about  0.4  second,  and  the  absolute  pause  or  rest  during 
vhich  neither  auricle  nor  ventricle  is  contracting  or  relaxing,  about  0.3 
■cood  :  if,  however,  a  longer  period  be  allotted  to  the  ventricular  systole, 
tbeM  periods  must  be  proportionately  shortened.  The  systole  of  the  ventricle 
foUowB  »o  immediately  upon  that  of  the  auricles,  that  practically  no  interval 
tnta  between  the  two  events. 

Tbe  duration  of  the  several  phases  may,  for  convenience  sake,  be  arranged 
b  a  tabular  form  as  follows;  but  in  reading  the  table  the  foregoing  remarks 
m  lo  the  approximate  or  even  uncertain  character  of  some  of  the  data  must 
be  borne  in  mind. 

9«oond.         SeroDfl, 
SfMole  of  ventricle   before  the  0|>cning  of  tbe  semilunar 
valves,  while  pressure  is  still  fretting  up  (probably  rather 

leas  than) 0.1 

Escape  of  blood  into  aorta  (about) 0.] 

Cantmued  cont ruction  of  the  emptied   ventricle  (possibly 

rather  mure  than) 0.1 

Total  sysiolo   of  the  ventricle  (probably  rather  more 
than) O.-t 

DiMtole  of  both  auricle  and  ventricle,  neither  contracting, 
or  "  pnwive  interval  "  (probably  nuher  less  than)     .         .     0.4  I 

8T*(ole  uf  nurit-'le  (about  or  les»  than) 0.1   ( 

T»i    '   '      '■  vcniricle,  includioK  rtlaxtttion  and  filling,  up  to 
miitis  of  the  ventricular  syslule  (probably  rather 

icn.->    iiiuii)     .  .  ........  0'& 

0.8 
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§  137.  We  may  aow  briefly  recapitulate  the  maiu  facts  conoected  with  the 
passage  of  blood  through  ihe  heart.  The  right,  auricle  during  its  diastole, 
by  the  relaxation  of  ita  muacular  libres,  and  bv  the  fact  that  all  backward 
pressure  from  the  ventricle  is  removed  by  the  closing  of  the  tricuspid  valves, 
offers  but  little  resistance  to  the  ingress  of  blood  from  the  veins.  On  the 
other  hand,  the  blood  in  the  trunks  of  both  the  superior  and  inferior  vena 
cava  is  under  a  pressure,  which,  though  diminishiug  toward  the  heart,  re- 
mains higher  than  the  pressure  obtaiuiu^r  in  the  interior  of  the  auricle;  the 
blood  in  consequence  flows  into  the  empty  auricle,  iu  progress  in  the  case  of 
the  superior  veua  cava  being  assisted  by  gravity.  At  each  inspiration  this 
flow  (aa  we  shall  see  in  speaking  of  respiration)  is  favored  by  the  diminution 
of  pressure  in  the  heart  and  great  vesaeU  caused  by  the  respiratory  move- 
ments.  Before  this  flow  has  gone  on  very  long,  the  diastole  of  the  ventricle 
begins,  its  cavity  dilates,  the  flaps  of  the  tricuspid  valve  fall  back,  and  blood 
for  some  little  time  flows  in  an  unbroken  stream  from  the  vense  cavse  into 
the  ventricle.  In  a  abort  time,  however,  probably  before  very  much  blood 
has  had  time  to  enter  the  ventricle,  the  auricle  is  full ;  and  forthwith  its 
sharp  sudden  systoJe  takes  place.  Partly  by  reason  of  the  backward  prea- 
Hurc  in  the  veins,  which  increases  rapidly  from  the  heart  toward  the  capil- 
laries, and  which,  at  some  distance  from  the  heart,  is  assisted  by  the  presence 
of  valves  in  the  venous  trunks,  hut  still  more  from  the  iact  that  the  systole 
begins  at  the  great  veins  themselves  and  spreads  thence  over  the  auricle,  the 
force  of  the  auricular  contraction  is  spent  iu  driving  the  bluod,  not  back 
into  the  veins,  but  into  the  ventricle,  where  the  preiisure  is  still  exceedingly 
low.  Whether  there  is  any  backward  flow  at  nil  into  the  great  veins,  or 
whether  by  the  progressive  character  of  the  systole  the  flow  of  blood  con- 
tinues, so  to  speak,  to  follow  up  the  systole  without  break,  so  that  the  stream 
from  the  veins  into  the  auricle  is  really  continuous,  is  at  present  doubtful; 
though  a  slight  positive  wave  of  pressure  synchronous  with  the  auricular 
systole,  travelling  backward  along  the  great  veins,  ba^;  been  observed^at  least 
in  cases  where  the  heart  is  beatiue  vigorously. 

The  ventricle  thus  being  fillea  by  the  auricular  systole,  the  play  of  the 
tricuspid  valves  described  above  comes  into  actiou,  the  auricular  systole  is 
followed  by  that  of  the  ventricle^  and  the  pressure  within  the  ventricle,  cut 
ofl"  from  the  auricle  by  the  tricuspid  valves,  is  brought  to  be^r  on  the  pul- 
monary semilunar  valves  and  the  column  of  blood  ou  the  other  side  of  those 
valves.  Aa  soon  as  by  the  rapidly  increasing  shortening  of  the  ventricular 
iibres  the  pressure  within  the  ventricle  becomes  greater  than  that  in  the  pul- 
monary artery,  the  semilunar  valves  open  and  the  still  continuing  systole 
discharges  the  contents  of  the  ventricle  into  that  vessel. 

As  the  ventricle  thus  rapidly  and  forcibly  empties  ilself,either  the  transient 
negative  pressure  which  makes  its  appearance  in  the  rear  of  the  ejected  column 
of  blood,  or  the  elastic  action  of  the  aortic  walls,  leads  to  a  reflux  of  blood 
toward  the  ventricle,  the  effect  of  which,  however,  ia  to  close  the  semilunar 
valves  and  thus  to  shut  otf  the  blood  in  the  distended  arteries  from  the 
emptied  ventricle.  Either  immediately  at  or  more  probably  some  little  time 
after  this  closing  of  the  valves  the  ventricular  systole  ends  and  relaxation 
begins;  then  once  more  the  cavitv  of  the  ventricle  becomes  unfolded  and 
finally  distended  by  the  influx  of  blood,  a  negative  pressure  developed  by 
the  relaxation  probably  aiding  the  flow  trom  the  auricle  and  great  veins. 

Diiring  the  whole  of  this  time  the  left  side  has  with  still  greater  energy 
been  executing  the  same  mauosuvre.     At  the  same  time  that  the  veuie  cava 
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arc  filling  the  right  auricle,  the  pulmouary  veins  are  filllag  the  left  auricle. 
At  tike  same  time  that  the  right  auricle  is  cootracting,  the  tefl  auricle  is  cud- 
imdiog  too.  The  aystole  of  the  left  ventricle  is  synchronous  with  that  of 
thariffht  ventricle,  but  executetl  with  greater  force  ;  and  the  flow  of  blood 
bgaioed  on  the  lefl  side  by  the  mitral  and  aortic  valves  in  the  same  way 
ihal  it  i«  on  the  right  by  the  tricuspid  valves  and  the  valves  of  the  puU 
■toaary  artery. 

^^^^BB.  We  can  measure  with  approximate  exactness  the  intra-ventricular 
^^^Htre*  the  length  of  each  systole,  and  the  number  of  times  the  systole  is 
repeated  in  a  given  period,  but  perhaps  the  most  important  factor  of  all  in 
IM  detorminatiun  of  the  work  of  the  vascutar  mechanism,  the  quantity 
■lartad  from  the  ventricle  into  the  aorta  at  each  systole,  cannot  as  yet  be  said 
10  I1AT6  been  accurately  determined  ;  we  are  largely  obliged  to  fall  back  on 
caleulatioDS  having  many  sources  of  error.  The  general  result  of  some  of 
Umm  cjJeulatioDS  gives  about  180  grammes  (H  ozd.)  as  the  rjuantity  of  blood 
vfaieh  ia  driven  from  each  ventricle  at  each  systole  in  a  full-grown  man  of 
tfemgeaize  and  weight,  but  this  estimate  is  probably  too  high. 

In  ihf  dog  the  quantity  has  been  experimentAlly  determined,  by  allowing  the 

bewt   |i»  deliver  its  oiint«nts  through  one  branch  of  the  aortA.  all  others  ueing 

liiakareii  or  blocked,  into  a  receiver,  the  coiKunts  uf  whioh  are  at  interval.^,  by  an 

i^Mkiotts  contrivance,  returned  to  the  riuht  auricle.     The  time  taken  tu  fill    the 

■— --fT    and   the    number  of  beala  executed  durinj;  that  time  being  noted,  the 

f  .|iiantity  elected  at  a  beat  is  thus  pivon.     It  is  t'mmd  to  vary  widely. 

■  H-   methods  have   l>een    adopted  for  ralculaiing  the  averagt:   amount   of 

\>  -d  at  each  ventrifular  systole.     The  simplpst  method  i.s  to  moasure  the 

1  the   reoenily  removed  and  as  yet  not  rigid  veniriole.  filled  with  blond 

;i  prcsanire  equal  to  (he  calculated  average  pres.>jure  in  the  ventricle.    On 

-  iiqHi«itii>n   that  the  whole  contents  of   the  ventricle   are  ejected   at   each 

•  <  thift  would  give  the  quantity  driven  into  the  aorta  at  each  stroke.    The 

,  r  mcthijda  are  very  indirect. 

Il  ia  evident  that  exactly  the  same  quantity  must  issue  at  a  beat  from  each 
ftatricle  ;  for  if  the  right  ventricle  at  each  beat  gave  out  rather  less  than 
1^  lefk>  after  a  certain  number  of  beats  the  whole  of  the  blood  wouhl  t>e 
^-^t'  -red  in  the  Bystemic  circulation.  Similarly,  if  the  left  ventricle  gave 
:.  itrsA  than  the  right,  ail  the  blood  would  soon  be  crowded  into  the  lungt. 
Tbn  imci  that  the  pressure  in  the  right  ventricle  is  so  much  less  than  that  in 
Kk«  left  (probably  30  or  40  ram.  as  compared  with  200  mm.  of  mercury),  ia 
due,  not  Lo  ditTerenoea  in  the  quantity  of  blood  in  the  cavities,  but  to  the  fact 
that  the  peripheral  resistance  which  has  to  be  overcome  in  the  lungs  is  so 
Boob  leas  than  that  in  the  rest  of  the  body. 

h  mnat  be  remembereii  that  though  it  is  of  advantage  to  speak  of  an 

areraee  qnaotity  ejected  at  each  stroke,  it  is  more  than  probable  that  that 

tfttanttty  may  vary  within  very  wide  limits.     Taking,  however,  ISO  grammea 

the  quantity,  in  man,  ejected  at  each  stroke  at  a  pressure  of  250  mm.*  of 

trcury.  which  is  equivalent  to  3.21  metres  of  blood,  this  means  that  the 

Tentricic  is  capable  at  its  systole  of  lifting  180  grammes  3.21  metres 

«,  «.,  it  does  578  gramme-metres  of  work  at  each  beat.     Supposing  the 

to  beat  72  times  a   ruinate,  this  would  give  for  the  day's  work  oi  the 

ventricle  nearly  60,fM)0  kilogramtne-metres.    ( Calculating  the  work  of  the 

ri^bt  ventricle  at  uue-fourth  that  of  the  left,  the  work  of  the  whole  heart 


A  bifb  cidmale  It  parpaaely  uken  berv. 
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would  amount  to  7-5,000  kilograuime-metree,  which  is  juet  about  the  araouct 
of  work  Hone  in  the  ascent  of  Snowdon  hy  a  tolerably  heavy  man. 

A  calcQlalion,  of  more  practical  value  is  the  following.  Taking  the 
qnantily  of  blood  as  -^  of  the  body  weighC,  the  blood  of  a  man  weighing 
75  kili)8  would  be  about  5760  grammea.  If  180  grammes  left  the  ventricle 
at  each  be^t,  a  quantity  e^juivulent  to  the  whole  blood  would  pass  through 
the  heart  in  32  beats,  i.  p.,  in  less  than  half  a  minute. 


The  Pulbe. 

§  139.  We  have  seen  that  the  arteries,  though  always  distended,  undergo 
at  each  eystole  of  the  ventricle  a  temporary  additional  distention,  a  temporary 
additional  expansion,  80  that  when  the  finger  is  placed  (m  an  artery,  such  as 
the  radial,  an  intermittent  pressure  on  the  finger,  coming  and  going  with  the 


Kio. 


I 


Pick'?  Spsino  MANitTiKTEii. 
The  liallened  tube  lu  the  fonu  of  a.  hoop  Ik  (Irmly  (ixeil  nt  out-  eiKl,  w  hlk*  iho  oUier  free  end  U 
ftttiiGhedtOB  lever.  The  liiierlorof  the  tube.  lilled  wUhspirii,  is  brought,  !>>■  meanR  nf  a  tnU' um- 
Ud ding  lodi urn  carbonate  wilutlou,  iniu  Donnectlon  \vith  an  Rrt«ry,  In  macb  the  nme  Wftjr;u  in  tb« 
cue  of  the  mercury  m«nnmiiler.  The  increase  nf  preftnnre  In  the  artery  ImIdk  Umunniltecl  lo  Uie 
hollow  hoop,  tends  10  stnUghten  It,  and  oorrespondlugly  moves  the  aitaehed  lever. 

beat  of  the  heart,  is  felt,  and  when  a  light  lever  is  placed  on  the  artery,  the 
lever  is  raised  «t  each  heat,  falling  between, 

Thia  intermittent  expausiou  which  we  call  the  pulse,  corresponding  lo  the 
jerking  outflow  of  blood  from  a  severed  artery,  is  present  in  the  arteries  only, 
being,  except  under  particular  circumstances,  abseut  from  the  veins  and 
capillaries.  The  expansion  is  frequently  visible  to  the  eye.  and  in  some 
cases,  as  where  an  artery  baa  a  bend,  may  cause  a  certain  amount  of  loco- 
motion of  the  vessel. 
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npor&ry  increaAe  of  pressure  which  is  the  cause  of  the  temporary 
oi  expaiisioa  luakes  itself  felt,  as  we  have  seeD^  iu  the  curve  of 


Fro.  79. 


B      d         a 

DlAORAX  or  A  SmYOMOaRArU  (DtTDOBON'll). 

Omftln  •upprtriltig  parbt  aiv  niuilUsl  wi  that  the  iDuItI|iIyiiig  Icven  itmy  Vie  displayed,  a  U  ■  tmaU 
wblcb  1«  kept  prcsied  on  the  artery  bjr  the  FpiingA.  The  vertical  moreinflntA  at  a  came 
aomncDU  of  tbe  lerer  e  abnut  the  Axed  point  d.  These  arc  commDDicated  to  and  mag^ 
I  ty  ihc  ]«T«r  <  which  nmres  round  th«  dxed  point  /.  The  frw  end  of  Ibis  lever  carries  a  Ugbt 
tfuri  OMrker  vhlrh  nvli  on  a  »trlp  of  Rooked  r*r^''>  0-  'I'hi-  pap^r  li  plaoMl  beneath  two  fimall 
«hMl»  aiMl  reau  on  a  rullcr  which  can  be  rolat^vd  by  meanfi  of  clock-work  contained  In  the  box  h. 
Ttefaffar  IttlraaoanMd  totravel  al  a  uniform  mie.  The  vcrew  graduated  tnoancM  (Troy)  Is  brought 
lakBTOftlteftdxif  bby  means  o(  a  cam.  and  hy  this  the  preamre  put  o&  Ibe  arterrean  be  regti- 
lalad.    Tlk*  leren  magnify  the  pulae-movemenu  fifty  tlmev. 


ancml  presgnre  taken  by  the  mercury  manometer;  but  the  inertia  of  the 
■mury  prevents  the  special  characters  of  each  iucreaBe  becoming  visible. 

(Fio.  do. 


>Unrv**  annranodRAru. 
K  Ik  It  «ken  Iha  uphyginngmph  (•  applied  tn  ihearm  ;  R,  spring  wbloh  ivita  u|ion  radial  arter)- ; 
V.  aww  ftv  ailjiiftliig  marking  k-vcr  L;  U.  elook-W'>rk  :  P.  itnoked  paper  apun  which  tmclng  ti 
^i^    t.  m«U  ipclng  for  cauiluK  de»coQt  of  lever  aAcr  mAlng.  ] 
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III  Pick's  spring  manometer  (Fig.  78),  in  which  the  increase  of  pressure 
unfolds  a  curved  spring  and  ao  moves  a  lever,  the  inertia  is  much  less,  and 
satisfactory  tracings  may  be  taken  by  this  instrument.  Other  instrumenUi 
have  also  been  devisetl  i'or  recording  the  special  characters  of  each  increase 


FtO.  8L 


Prutft  Tkacikg  ntoM  the  Eadul  Aktert  or  Mak. 

Tbe  rertlc&l  canrcd  lino,  L,  gives  the  trnclng  which  tbo  recording  levor  made  when  the  black- 
ened paper  vna  moUonleas.  The  curved  interrupted  Mne^  show  the  dlHUiucc  ftom  oac  nnotber  In 
time  of  the  chief  pfaajies  of  tbe  pnlae-wave,  rt>.,  z^cominenremcnt  anrl  A  end  of  expansioD  of 
artery  :  p,  pre-dlcroUo  notch,  d,  dicroUc  notch.  C,  dIcroUc  crest.  D,  Poat-dlerotic  cresu  /,  the 
poot-diorotic  notch.    These  are  explained  In  the  test  later  on. 


of  pressure  or  of  the  expansion  nf  the  artery  which  is  the  result  of  that 
increase.  The  easiest  and  most  common  method  of  registeriug  the  expansion 
of  an  artery  is  that  of  simply  bringing  a  light  lever  to  bear  on  the  outside 
of  the  artery. 

(Fiii.  8i 


ArPABATVttOF    MAItUY    FtlR  flllUWINU   »Ol>E   IN   WUICU    VVl^K.  19   PlUJPAUATCX)  IK  THX  A 

B  is  a  robber  pump,  vnlh  valve  attachiucut,  tn  prevent  a  regargltanl  carrenl ;  I,  f,  I",  ara  it 
rcHlngonarum  tube,  ut  intorrali  of  20  cm.  of  tuUng;  C,  dram  upon  which  inudnf  ti  mode :  n. 
cloctt-vork  to  revoWu  drum.] 

A  lever  specially  adapted  to  record  a  pulse  tracing  is  called  a  sphygmo- 
graph,  the  instrument  generally  comprising  a  small  travelling  recording 
surface  on  which  the  lever  writes.     There  are  many  different  forms  of  spbyg- 
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bat  the  general  plan  of  structure  is  the  same.  Fig.  79  repreffeuts 
in  a  diagrammatic  form  the  essential  parts  of  the  sphygniograpb,  kuuwu  as 
Dvdgeoo'e  [and  Fig.  82.  MareyV,  which  ia  id  more  common  use].  The 
iMtraaNikt  ia  generally  applied  to  the  radial  arterj  because  the  arm  affords 
aeoavenkat  support  to  the  fulcrum  of  the  lever,  and  because  the  position  of 


PlO.  88. 


A/Ny\AA/\ '^"I'W  vvvwvv 


SftV 

^IMHXMVB  r>«3v-KnrKt>  «Y  A  ftEKiiB  or  BriiYOMooiuPHrcLEVKii*— pluced  ftt  tDleiTKlf  of  20  cm. 
te«i«eb  titberaldugan  elasUtt  lube  Into  which  UuiJ  Uf'tn^  by  the  sudden  stroke  of  a  pump,  Tbe 
ftk^mmrMt  u  tin  veiling  ttvvi  left  (o  lifht.  ap  Indicated  by  thv  arTown  orcr  tbo  primary  (a)  and  Mcond- 
■7  a,  r  pu]i»-«ares.  The  dotted  v^rtltml  tim-adrawn  r>t>m  theiummlt  of  the  aeveral  primary  wavet 
l» (ki  natot-ftkrk  curve  helow,  earh  romplflo  rlbmtion  of  which  occuplei  1-w  flceood,  allow  Ute 
*■» » l»  i—iiitJ  wblcb  If  takennpby  thcwaToln  pa»lngalang20oin.  oftbatublDg.  Tbowarei 
ruivarainjkMttinmrathccUiMM.IIfUleiidor  the  luUns;  this  f«  lodlcated  by  the  direction  of 
^*n%m%  tl  vlll  Ijc  ulnvrrerl  that  lu  the  toore  dlatant  lever  VI.  tbe  reeeotod  wave,  having  but  a 
■%bi4MH)ee  to  traTcI,  becomi>§  fUncd  with  Ibo  primary  wave.    (From  Uabkv.) 

tkeartcrr.  near  to  the  surface  and  with  the  support  of  the  radius  below  so 
1^  ade<)uate  pressure  can  be  brought  to  bear  oy  tbe  lever  on  the  artery,  is 
ibfarsbU  for  making  observations.  It  can,  of  course,  be  applied  to  other 
■rtvica.  When  applied  to  the  radial  artery  some  such  tracing  aa  that 
AovB  10  Fig.  81  isdhtained.  At  each  heart  beat  the  lever  rises  rapidly  and 
ikia  lalltf  tnore  gradually  in  a  line  which  is  more  or  leee  uneven. 
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§140.  We  bave  now  to  study  the  nature  and  characters  of  the  pulse  in 
greater  detail. 

We  may  say  at  once,  and  indeed  have  already  incidentally  seen,  that  the 
pulse  is  essentially  due  to  the  action  ot*  physical  causes ;  it  is  the  physical 
result  of  the  sudden  injection  of  the  cuuteuts  of  the  ventricle  into  the  elaiitic 
tubes  called  arteries  ;  ita  more  important  features  may  be  explained  on 
physical  principles  and  may  be  illustrated  by  means  of  an  artificial  model 
[Fig.  82]. 

If  two  levers  be  placed  on  the  arterial  tubes  of  an  artificial  moiJel  Fig. 
61  S.a.^  y.a.,  one  near  Lo  the  pump^  aud  the  (^ther  near  to  the  peripheral 
resistance,  with  a  considerable  length  of  tubing  between  them,  ana  both 
levere  be  made  to  write  on  a  recording  surface,  one  immediately  below  the 
other,  80  that  their  curves  can  be  more  easily  compared,  the  following  facta 
may  be  observed,  when  the  pump  is  set  to  work  regularly.  They  are  perhaps 
etill  better  seen  if  a  number  of  levers  be  similarly  arranged  at  ditierent 
distances  from  the  pump  as  in  Fig.  83. 

At  each  stroke  uf  the  pump,  each  lever  rises  until  it  reaches  a  maximum 
(Fig.  83,  la,  2d,  etc.)  and  then  falU  again,  thus  describing  a  curve.  The  rise 
is  due  to  the  expansion  of  the  ()art  of  the  tube  under  the  lever,  and  the  fall 
is  due  to  that  part  of  the  tube  returning  after  the  expansion  to  its  previous 
calibre.  The  curve  is,  therefore,  the  curve  of  the  expansion  (and  return)  of 
the  tube  at  the  point  at  which  the  lever  rests.  We  may  call  it  the  pulse- 
curve.  It  is  obvious  that  the  expansion  passes  by  the  lever  in  the  form  of  a 
wave.  Atone  moment  the  lever  is  at  rest ;  the  lube  beneath  it  is  simply 
distended  to  the  normal  amount  indicative  of  the  meftn  pressure  which  at 
the  time  obtains  in  the  arterial  tube^  of  the  model ;  at  the  next  moment  the 
pulse  expansion  reaches  the  lever,  and  the  lever  begins  to  rise ;  it  continues 
to  rise  until  the  top  of  the  wave  reaches  it,  after  which  it  falls  again  until 
finally  it  comes  to  rest,  the  wave  having  completely  passed  by. 

KiG.    M. 


A   ttUUOa  DlAOItAHXATlC  RRfRB!9£>rTATI0N   UF   A    PU1.«K-WAVK   PAMUTO  OrKU   XSt   ARTKAV 


It  may  perhaps  be  as  well  at  once  to  warn  the  reader  that  the  figure  which 
we  call  the  pulse-curve  is  not  a  representation  of  the  pulse-wave  itself;  it  is 
aimply  a  representation  of  the  movements,  up  and  down,  of  the  piece  of  the 
wall  of  the  tubing  at  the  spot  on  which  the  lever  rests  during  Uie  Uvie  that 
the  wave  is  passing  over  that  spot.     We  may  roughly  represent  the  wave  in 
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%Jhm  dtAgr»ni  Fi^.  Si  in  which  the  wave  shown  by  the  dotted  line  19  passing 
oTcr  the  lube  (shown  in  a  condition  of  rest  Uy  the  thick  double  line)  iu  the 
dlrae&ioii  from  ^to  C  It  must,  however,  be  remembered  that  the  wave 
th—  6|^red  is  a  much  ehortcr  wave  than  is  the  pulse-wave  in  reality  (that 
btiog,  M  we  shall  see,  about  6  metres  long),  i.  e.,  occupies  a  smaller  length 
•f  the  arterial  system  from  the  heart  iT  toward  the  oapil[arie8  0. 

The  ourTe*  below  X,  1",  Z  represent,  in  a  similarly  diagrammatic  fashion, 
UbeMirrea  described,  during  the  passage  of  the  wave,  by  levers  placed  on 
the  points  x,  y,  z.  At  Z  the  greater  part  of  the  wave  has  already  passed 
mdcr  the  lever,  which  during  its  passage  has  already  described  the  greater 
part  of  iu  curve,  shown  by  the  thick  line,  and  has  only  now  to  describe  the 
Jl  tMtrt,  shown  by  the  dotteil  line,  corresponding  to  the  remainder  of  the 
w»T«  from  /  to  H.  At  y  the  lever  is  at  llie  suuiiuit  of  the  wave.  At  X 
tht  lever  has  only  described  a  small  part  of  the  beginning  of  the  wave,  viz., 
from  C  lo  X,  the  rest  of  the  curve,  as  shown  by  the  dotted  line,  having  yet  to 
described. 

Hut  to  return  to  the  consideration  of  Fig.  83. 
141.  The  rise  of  each  lever  is  somewhat  sudden,  but  the  fall  is  more 
dual,  and  is  generally  marked   with  some  irregularities  which  we  shall 
presffHtly.     The  rise  is  sudden  because  the  sharp  stroke  of  the  pump 
ily  drives  a  t^uautity  of  tluid  into  the  tubing  and  so  suddenly  expatids 
i^  U»be ;  the  fall  is  more  gradual  because  the  elastic  reaction  of  the  walls 
of  ike  tube,  which  brings  about  the  return  of  the  tube  tu  its  former  calibre 
the  expanding  power  of  the  pump  has  ceased,  is  more  gradual  in  its 


Fio.  S& 


TbflM  features,  the  Buddenuess  of  the  rise  or  up-strokc,  and  the  more 
ffsdami  slope  of  the  fall  or  down-stroke,  are  seen  also  in  natural  putse-curves 
tftkca  from  living  arteries  (Figs.  81,  S5,  etc.). 
ladeed.  the  difference  between  the  up-stroke 
aid  the  down-stroke  is  even  more  marked 
in  the  latter  than  iu  the  former,  the  delivery 
of  blooii  from  the  ventricle  being  more  rapid 
ihaa  the  issue  of  water  from  a  pump  as  ordi- 
ftsHly  worked. 

It  may  here  be  ootetl  that  the  actual  size 

of  the  curve,  that  is,  the  amount  of  excursion 

of  iKe  lever,  depends  in  part  (as  does  also  to 

agrast  rxtent  the  form  of  the  curve)  on  the 

■mount  of  pressure  exerted  by  the  lever  on 

ibt  tube.     If  the  lever  only  just  touches  the 

tabs  iu  its  expande<l  state,  the  rise  will   be 

ifMigDift(.«nt       It',  on    the   other    hand,  the 

Wvcf  be  preyed  down  too  firmly,  the  tube 

bcoeatb  will  not  be  able  to  expand   as   it 

otiierwiae  would,  and  the  rise  of  the  lever 

will  bo  proportionately  diminished.     There 

ii  a  certain  pre^ure  which  must  be  exerted 

^  t^  l«ver  on  the  tube,  the  exact  amount 

dsModing  on  the  exptansive   power  of  the 

tamag  and  on  the  pressure  exerted  by  the  fluid  in  the  tube,  in  order  that  the 

ttaciog  may  be  best  marked.     This  is  shown  in  Fig.  85  in  which  are  given 

thne  tracings  taken  from  the  same  radial  artery  with  the  same  instrument; 

ia  the  lower  curve  the  pressure  of  the  lever  is  too  great,  in  the  upper  curve 

too  soiall,  to  bring  out  the  characters  seen  roost  distinctly  in  the  middle 
with  a  medium  pressure. 


JUL^-.^ 


l*ri«B  TiiACiffos  pnoM  riii  aamk  Ba- 

t>lAt    AKT&KY     OVTlEft     DirrrREHT 

PaBfHiTRia  or  trk  Leter. 
tTbe  letten  Are  explained  in  a  tator 
put  of  the  text.) 
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PtTME-TKAnSG  FItOM  DOBHAU.-*  i'El>U>. 
TAKEN  TROM  TIIE  f<AME  INDIVIDUAL  A.^ 
Fio.85. 


§142.  It  will  be  obfierved  that  in  Fig.  83,  curve  I.,  which  is  nearer  the 
pump,  risefl  higher,  and  rises  more  rapidly  than  curve  II.,  which  is  further 
away  from  the  pump;  that  is  to  say,  at  the  lever  further  away  from  the 
pump,  the  expansion  is  less  and  takes  place  more  slowly  than  at  the  lever 
nearer  the  pump.  Similarly  in  curve  lY.  the  rise  is  still  lees,  and  takes 
place  still  Ipss  rapidly  than  in  II.,  and  the  same  change  is  seen  still  more 
marked  in  V.  as  compared  with  IV.  In  fad,  if  a  number  of  levers  were 
placed  at  equal  distances  along  the  arterial  tubing  of  the  model  and  the 
model  were  working  properly,  with  an  adetjuaie  |)eripheral  resistance,  we 
might  trace  out  step  by  step  how  the  expauttiou,  as  it  travelled  along  the 
tubCf  got  less  and  less  in  arnoutil  and  at  the  same  time  became  more  gradual 
iu  its  development,  the  curve  becoming  lower  and  more  flattened  out,  until 
in  the  neighborhood  of  the  artificial  capillaries  there  was  hardly  any  traces 
of  it  left.  In  other  words,  we  might  trace  out  step  by  step  the  gradual  dis- 
appearance  of  the  pulse. 

The  same  changes,  the  same  gradual  lowering  and  flattening  of  the  curve 
may  be  seen  in  natural  pulse-tracings,  as  for  instance  in  Fig.  86.  which  is 

a  tracing  from  the  dorsalis  pedis  artery, 
compared  with  the  tracing  from  the  radial 
artery,  Fig.  86,  taken  from  the  same  indi- 
vidual with  the  same  instrument  on  the 
same  occasion.  This  feature  is,  of  course, 
not  obvious  in  all  pulse-curves  taken  from 
different  individuals  with  different  inatru- 
meuts  and  under  varied  circumstances; 
but  if  a  aeries  of  curves  from  diff*erent 
arteries  were  carefully  taken  under  the  same  couditions  it  would  be  found 
that  the  aortic  tracing  is  higher  and  more  sudden  than  the  carotid  tracing, 
which,  again,  is  higher  and  more  sudden  than  the  radial  tracing — the  tibial 
tracing  being  iu  turn  still  lower  and  more  flattened.  The  pulse-curve  dies 
out  by  becoming  lower  and  lower  and  more  and  more  flattened  out. 

And  a  little  cousideration  will  show  us  that  this  mu^t  be  so.  The  systole 
of  the  ventricle  drives  a  quantity  of  blood  into  the  already  full  aorta.  The 
sudden  injection  of  thia  quantity  of  blood  exj>ands  the  portion  of  the  aorta 
next  to  the  heart,  the  part  immediately  adjaceut  to  the  semilunar  valves 
beginning  to  expand  first,  and  the  expansion  travelling  thence  on  to  the  end 
of  this  portion.  In  the  same  way  the  expansion  travels  ou  from  this  portion 
through  all  the  succeeding  portions  of  the  arterial  system.  For  the  total 
expansion  required  to  make  room  for  the  new  quantity  of  blood  is  not  pro- 
vided by  that  portion  alone  of  the  aorta  into  which  the  blomi  is  actually 
received  ;  it  is  supplied  by  the  whole  arterini  system  ;  the  old  quantity  of 
blood  which  is  replaced  by  the  new  in  this  first  portion  has  to  find  room  for 
itaelf  in  the  rest  of  the  arterial  space.  Aa  the  expansion  travels  onward, 
however,  the  increase  of  pressure  which  each  portion  transmits  to  the  suc- 
ceeding portion  will  be  less  than  that  which  it  received  from  the  preceding 
portion.  For  the  whole  increase  of  pressure  due  to  the  systole  of  the  ven- 
tricle has  to  be  distributed  over  the  whole  ol' the  arterial  system  ;  the  general 
mean  arterial  pressure  is,  as  we  have  seen,  mHintained  by  repeated  syetoles, 
and  any  one  systole  has  to  make  its  contribution  to  that  mean  pressure ;  the 
increase  of  pressure  which  starts  frnm  the  ventricle  must,  therefore,  leave 
behind  at  each  atftge  of  its  progress  a  fraction  of  itself;  that  is  to  aay,  the 
expansion  is  continually  growing  less,  as  the  pulse  travels  from  the  heart 
to  the  capillaries.  Moreover,  while  the  expansion  of  the  aorta  next  to  the 
heart  is.  so  to  speak,  thedirecteffect  of  the  systole  of  the  ventricle,  the  expan- 
sion of  the  more  distant  artery  is  the  effect  of  the  systole  transmitted  by  the 
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of  the  elastic  reaction  of  the  arterial  tract  between  the  heart  and  the 
It  Art«ry  ;  and  since  this  elastic  reaction  is  slower  in  development  than 
the  ■ctuftl  systole,  the  expansion  of  the  more  distant  artery  is  slower  than 
that  of  the  aorta,  the  up-stroke  of  the  pulse-curve  is  le8S  sudden,  and  the 
whole  pulse-curve  is  more  flattened. 

The  object  of  the  systole  is  to  supply  a  contribution  to  the  mean  pressure, 
umI  ibe  pulse  is  ao  oecillatiou  above  and  below  that  mean  pressure — an  oscil- 
lation which  diminishes  from  the  heart  onwards  being  damped  by  the  elastic 
wall*  of  the  arteries,  and  so,  little  by  little,  converted  into  mean  pressure 
until  io  the  capillariea  the  mean  pressure  aione  remains — the  oscillationa 
httviDp  disappeared. 

$  143.  It  in  the  model  the  points  of  the  two  levers  at  different  distaDces 
fmm  the  pump  be  placed  exactly  one  uuder  the  other  on  the  recording  sur- 
face, it  is  obvious  that,  the  levers  being  alike  except  for  their  pcwitiou  on  the 
tabe,  any  ditTerenoe  in  time  between  the  movements  of  the  two  levers  will  be 
•bowo  by  an  interval  between  the  begioniDfi;s  of  the  curves  they  describe,  the 
rsoordiog  surface  being  made  to  travel  sufficieutly  rapidly. 

If  the  movements  of  the  two  levers  be  thus  compared,  it  will  be  seen  that 
tbv  fkr  lever  (Fig.  83,  II.)  commences  later  thau  the  near  one  (Fig.  ^3,  1.)  ; 
tbs  farther  apart  the  two  levers  are,  the  greater  is  the  interval  in  time 
Ww«eo  their  curves.  0>mpare  the  series  I.  to  VI.  (Fig.  83).  This  means 
thmt  the  wave  of  expansion,  the  pulse-wave,  takes  sume  time  to  travel  along 
tte  tobe.  Jn  the  same  way  it  would  be  found  that  the  rise  <tf  the  near  lever 
btyrao  some  fraction  of  a  second  afler  the  stroke  of  the  pump. 

The  velocity  with  which  the  pulse-wave  travels  depends  chiefly  on  the 
tikoont  of  rigidity  possessed  by  the  tubing.     The  more  extensible  (with  cor- 
revpooding  elastic  reaction)  the  tube,  the  slower  is  the  wave  ;  the  more  rigid 
ike  tube  l>ecomea,  the  faster  the  wave  travels ;  iu  a  perfecltv  rigid  tube,  what 
tatfa«  elastic  tube  would  be  the  pul^e,  becomes  a  mere  shock  Iruvellia^  with 
fcry  sreat  rapidity.     The  width  of  the  tube  is  of  much  less  in  tiuence,  though 
aecoroiog  to  some  observers  the  wave  travels  more  slowly  in  the  wider  tubes. 
Tbe  rmle  at  which  the  normul  pulse-wave  travels  in   the  human  body  has 
been  variously  e8timate<]  at  from  10  to  5  metres  per  second.      In  all   proba- 
bility the  lower  estimate  is  the  more  correct  one  ;  but  it  must  be  remembered 
that  the  rate  may  vary  very  considerably  under  different  conditions.  Accord- 
ing to  all  observers  the  velocity  of  the  wave  in  passing  from  the  groin  to  the 
Iboi  is  greater  than  iu  passing  from  the  axilla  to  the  wrist  (6  metres  against 
6  iMtrps).     This  is  probably  due  to  the  fact  that  the  femoral  artery  with  it« 
braacbes  is  more  rigid  thau  the  axillary  and  ita  branches.     So  also  in  the 
arteries  of  children,  the  wave  travels  more  slowly  than  in  the  more  rigid 
arteriea  of  the  adult.     The  velocity  is  also  increased  by  circumstances  which 
baighten  and  decreased   by  those  which   lesson   the  mean  arterial    pressure, 
■ue  with  increasing   pressure   the   arterial  walls  become  more,  and   with 
dimiiiishing  pressure,  less   rigid.      Prolmbly,  also,  the  velocity  of  the  pulse- 
wive  de^kendft  on  conditions  of  the  arterial  walls,  which  we  cannot  adequately 
<Wribe  as  mere  difference.s   in  rigidity.     Iu   experimenting  with  artificial 
tubes  it  is  found   that  different  qualities  of  India-rubber  give  rise  to  very 
ififlerent  results. 

Ou«  must  be  taken  not  to  confound  the  progress  of  the  pulse-wave — i.  e., 
of  the  expansion  of  the  arterial  walls,  with  the  actual  onward  movement  of 
tii«  WoihI  itself.  The  pulse- wave  travels  over  the  moving  bloo<l  somewhat  as  a 
fiidly  moving  natural  wave  travels  along  a  sluggishly  flowing  river.  Thua 
rbile  the  velocity  of  the  pulse-wave  is  6  or  possibly  even   10  metres  per 
1,  that  of  the  current  of  the  blood  is  not  more  than  half  a  metre  per 
even  in  the  large  arteries,  and  is  still  less  in  the  smaller  ones. 
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§  144.  Referring  again  to  the  caution  given  above  not  to  regard  the  pulse- 
ourve  aa  a  picture  of  the  pulse-wave,  we  may  now  add  that  the  pulse-wave  is 
of  very  considerable  length.  If  we  know  how  long  it  takes  for  the  pulse- 
wave  to  pass  over  any  pi>iut  in  the  arteries  and  how  fast  it  is  travelling,  we 
can  easily  calculate  the  length  of  the  wave.  In  an  ordinary  pulse-curve  the 
artery,  owing  to  the  slow  return,  is  seen  not  to  regain  the  calibre  which  it  had 
before  the  expansion,  until  just  as  the  next  expansion  begins — that  is  to  say, 
the  pulse-wuve  takes  the  whcile  time  of  u  cardiac  cycle,  viz.:  ^^^ths  second  to 
pass  by  the  lever.  Taking  the  velocity  of  the  pulse-wave  as  6  metres  per 
second  the  length  of  the  wave  will  be  ^^jths  of  6  metres — or  nearly  5  metres. 
And  even  if  we  took  a  dmaller  estimate,  by  supposing  that  the  real  expan- 
sion and  return  of  the  artery  at  any  pnint  took  much  less  time,  say  ,Vth8 
second,  the  length  of  the  pulse-wave  would  still  he  more  than  2  metres.  But 
even  in  the  tallest  man  the  capillaries  furthest  from  the  heart,  those  in  tbe 
tips  of  the  toes,  are  not  2  metres  distant  from  the  heart.  In  other  words,  the 
length  of  the  pulse-wave  is  much  greater  than  the  whole  length  of  the  arte- 
rial system,  so  that  the  beginning  of  each  wave  has  become  lost  in  the  small 
arteries  and  capillaries  some  time  before  the  end  of  it  has  finally  passed  away 
from  the  beginning  of  the  aorta. 

We  must  now  return  to  the  consideration  of  certain  special  features  in  tbe 
pulse,  which  from  the  indications  they  give  or  suggest  of  the  condition  of  tbe 
vascular  pystem  are  olleu  of  great  interest. 

§145.  Dieroliim.  In  nearly  aJl  pulse-tracings,  the  curve  of  the  expansion 
and  recoil  of  the  artery  is  broken  by  two,  three,  or  several  smaller  elevations 
and  depressious ;  secondary  waves  are  imposed  upon  the  fundamental  or 
primary  wave.     In  the  spbygmographic  tracing  from  the  carotid,  Fig.  87, 
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Pt.'i.f'E-TBACtPfrj  PBo«  Cahotii)  Artkky  0¥  Healtiiy  Man  (fWim  Mow*). 
T,  ctnnmonvenwnt  nf  oxmnnlon  nf  arlpry.  A,  summit  of  tbefinit  rlw.  C.  dlcrotlo  MsoondAry  WAve. 
P,  pryvilfrroilr  "lycondary  wa?o  :  tj.  nolch  i>n>ce<llne  (his.  D,  sucoeecllng  fieoanrtury  wave.  Tbe  curve 
■bovti  In  lliui  of  a  tUDlng-fork  wttb  t«n  double  vlbratiuux  lu  m.  secund. 

and  in  many  of  the  other  tracings  given,  these  secondary  elevations  are 
marked,  as  Ji,  C,  /).  When  one  such  secondary  elevation  only  is  conspicu- 
ous, so  that  the  pulse-curve  presents  two  notable  crests  only,  tbe  primary 
crest  and  a  secondary  one,  the  pulse  is  said  to  be '*  dicrotic  " ;  when  two 
secondary  crests  are  prominent,  the  pulse  is  often  called  "  tricrotic  "  ;  where 
several,  "  polycrotic."  Aa  a  general  rule,  the  secondary  elevations  appear 
only  on  the  descending  limb  of  the  primary  wave  as  in  most  of  the  curves 
given,  and  the  curve  is  then  spoken  of  as  "katacrotic.*'  Sometimes,  how- 
ever, the  first  elevation  or  cre^t  is  not  the  highest  but  appears  on  the  ascend- 
ing portion  of  the  main  curve;  such  a  curve  is  spoken  of  as  *' anacrotic." 
Fig.  88. 

Of  these  secondary  elevations  tbe  most  frequent,  conspicuous,  and  impor- 
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U  Ibeoae  which  appears  some  way  flown  on  the  deseendinj^  limb,  and  is 
ked  C  on  Fig.  87  and  on  mnei  <>('  the  curves  here  given.  It  ia  more  or 
ditUnctly  visible  on  all  ephymograras,  and  raay  be  seen  in  thr«e  of  the 
i  as  well  as  of  other  arteries.  Sometimes  it  is  so  slight  as  to  be  hardly 
rniHIe ;  at  other  times  it  may  be  so  marked  as  to  give  rise  to  a  really 
If  pulse  (Fig.  89;,  i.  e.,  a  pulse  which  can  be  felt  as  double  by  the 
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no.  m.~AJuciiunc  SmvoMooRAni  TnAc-iKo  rnoM  trk  Asckkdiro  Aorta.    (Aneiirtsm.) 
PM.  al— TvoUftAbnorUAkKKoDiokriTiBM  i!t  KjoiLALPuuEorMAX.    (Typhoid  fever.) 

fsger:  beaoe  it  has  been  calle<l  the  dlcrollc  elevation  or  the  dicrotic  wave, 
tbe  notch  precedinj;  the  elevation  being  HpDken  of  a^  the  **  dicrotic  notch." 
it  nor  any  other  secondary  elevations  can  be  recognized  in  the 
iff  blood-pressure  taken  with  u  manometer.  This  may  be  explained, 
■9  we  have  said  ^  IHll,  by  the  fact  that  the  movements  of  the  mercury 
o>luRkO  are  too  sluggish  to  reproduce  these  tiner  variations  ;  but  dicrotism  ia 


ooospicuous  by  its  absence  in   the  tracings  given  by  more  delicately 
rBpomive  instruments.     Moreover,  when   the   normal   pulse  is  felt  by  the 


persona  find  themselves  unable  to  detect  any  dicrotism.  But 
it  does  really  exist  in  the  normal  pulse  is  shown  by  the  fact  that  it 
sfkpears  in  a  most  unmistakable  manner  In  the  tracing  obtained  by  allowing 
the  blood  to  spurt  directly  from  an  opened  small  artery,auch  as  the  dorsalis 
p«dis,  upon  ft  recording  surface. 

LcH  constant  and  conspicuous  than  the  dicrotic  wave,  but  yet  appearing 
in  looflt  sphygmograras,  is  an  elevation  which  appears  higher  up  on  the 
teoending  limb  of  the  main  wave  :  it  is  tnarke<l  B  in  Pig.  87,  and  on  several 
of  the  other  curves,  and  is  freijuently  called  the  pre-dif^rotic  wave;  it  may 
beouiDe  very  prominent.  Sometimes  other  secondary  waves,  often  called 
**  past-dicrutic/'are  seen  following  the  dicrotic  wave,  as  at  D  in  Fig.  S7,  and 
•ome  other  curves ;  but  these  are  not  oflen  present,  and  usually,  even  when 
pracnt,  inconspicuous. 

Wbea  tracings  are  taken  from  several  arteries,  or  from  the  same  artery 
ttder  different  oonditioue  of  the  body,  these  secondary  waves  are  found  to 
larj  verr  considerably,  giving  rise  to  many  characteristic  forms  of  pulse- 
camu  Were  we  able  with  certainty  to  trace  back  the  several  features  of  the 
curvva  to  their  respective  causes,  an  adei^uate  examination  of  sphygmo- 
prnphic  tracings  would  undoubtedly  disclose  much  valuable  information 
ooMMfain^r  the  condition  of  the  body  presenting  them.  Unfortunately,  the 
ftMtm  of  ihe  origin  of  these  secondary  waves  is  a  most  difficult  and  com- 
plex ooe;  so  much  so.  that  the  detailed  interpretation  of  a  sphygmographic 
ftrarin?  is  still  in  nioet  coses  extremely  uncertain. 

;  146.  The  chief  interest  attaches  to  the  nature  and  meaning  of  the  dicrotic 

tV*.  In  general,  the  main  conditions  favoring  dicrotism  are  (1)  a  highly 
ihle  and  elastic  arterial  wall.  (t2)  a  comparatively  low  mean  pressure, 
kariog  the  extensible  and  elastic  reaction  of  the  arterial  wall  free  scope  to 
ad,  and  (3)  a  sufficiently  vigorous  and  sufficiently  rapid  stroke  of  the  vcu* 
thela.  The  development  of  the  dicrotic  wave  may  probably  be  explained 
,JS  fallows: 
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At  each  beat  the  lime  during  which  the  contents  of  the  left  ventricle  are 
injected  iota  the  aorta  is,  as  we  have  seen  (§  130),  very  brief.  The  expan- 
Bion  of  the  aorta  ia  very  sudden,  and  the  cessation  of  that  expansion  is'  also 
very  sudden. 

Now,  when  fluid  ia  being  driven  with  even  a  steady  pressure  through  an 
elastic  tube  or  a  system  of  elastic  tubes,  levers  placed  on  ibe  tube  will 
describe  curves  indicating  variations  in  the  diameter  of  the  tube,  if  the  inflow 
into  the  tube  be  suddenly  stopped,  as  by  sharply  turning  a  stop-cock  ;  and  a 
cofupartsou  of  levery.  placed  at  different  distances  from  the  stopcock  will 
show  that  these  varintione  of  diameter  travel  down  the  tube  from  the  stop- 
cock in  the  form  of  waves.  The  lever  near  the  atop-cock  will  first  of  all  fall, 
but  speedily  begin  to  rise  again,  and  this  subsequent  rise  will  be  followed  by 
another  fall,  after  which  there  may  be  one  or  more  succeeding  rises  and  falls — 
that  is,  oscillations — with  decreasing  amplitudes,  until  the  fluid  comes  to  rest. 
The  levers  further  from  the  stop-cock  will  dcscrilie  curves,  similar  to  the 
above  in  form  but  of  less  amplitude,  and  it  will  be  found  that  these  occur 
somewhat  later  in  time,  the  more  so  the  further  the  lever  is  from  the  stop- 
cock. Obviously  these  waves  are  generated  at  or  near  the  stop-cock,  and 
travel  thence  along  the  tubing. 

We  may  infer  that  at  each  beat  of  the  heart  similar  waves  would  be 
generated  at  the  Ibut  of  the  aorta  upon  the  sudden  cessation  of  the  flow  from 
the  ventricle,  and  would  travel  thence  along  the  elastic  arteries.  The  facta 
that  each  beat  ia  rapidly  8uccee<led  by  another,  and  that  the  flow  which  sud- 
denly ceases  is  also,  by  the  nature  of  the  ventricular  stroke  suddenly  gen- 
erated, may  render  the  waves  more  complicated,  but  will  not  change  their 
essential  nature. 

The  exact  interpretation  of  the  generation  of  these  waves  ia  perhaps  not 
without  diflScuIty,  but  two  factors  seem  of  especial  importance.  In  the  first 
place,  as  we  have  already  more  than  once  said,  when  a  rapid  flow  is  suddenly 
Btopped  a  negative  pressure  makes  its  appearance  behind  the  column  of  fluid. 
In  a  rigid  tube  this  simply  tends  to  a  reflux  of  fluid.  In  an  elastic  tube  its 
efllectfl  are  complicated  ny  the  second  factor,  the  elastic  action  and  inertia  of 
the  walls  of  the  tube.  Upon  the  sudden  cessation  of  the  flow,  the  expansion 
of  the  tube,  or  as  we  may  at  once  say,  of  the  aorta,  ceases,  the  vessel  begins 
to  shrink,  and  the  lever  placed  on  its  walls,  as  from  A  onward  in  the  pulse- 
curve.  This  shrinking  is  in  part  due  to  the  elastic  reaction  of  the  walls  of 
the  aorta,  but  is  increased  by  the  **  suction  '*  action  of  the  negative  pressure 
Bpoken  of  above.  In  thus  shrinking,  however,  under  these  combined  causes, 
the  aorta,  through  the  inertia  of  its  walls,  overshoots  the  mark,  it  is  carricil 
beyond  its  natural  calibre — i.e.,  the  diameter  it  would  possess  if  left  to  itself 
with  the  pressure  inside  and  outside  equal ;  it  shrinks  too  much  and  conse- 
sequentiy  begins  again  to  expand.  This  seconetary  expansion  (taking  for 
Bimplicity  sake  a  pulse-curve  in  which  the  so-calletl  pre-dicrotic  wave,  B,  is 
absent  or  inconspicuous )  causes  the  secondary  rirfc  of  the  lever  up  to  (.'—that 
is,  the  dicrotic  rise.  In  thus  expantiiiig  again  the  aorta  tends  to  draw  back 
toward  the  heart  the  column  of  blood  which  by  logs  of  momentum  had  come 
to  rest,  or,  indeed,  under  the  influence  of  the  negative  pressure  spoken  of 
above,  was  already  undergoinga  reflux.  In  this  secondary  expansion, more- 
over, the  aorta  is  by  the  inertia  of  its  walU,  aided  by  that  of  the  blood,  again 
carried,  so  to  speak,  beyond  its  mark,  so  that  no  sooner  has  it  become  ex- 
panded and  filled  with  fluid  to  a  certain  extent  than  it  again  begins  to  shrink 
as  from  C  onward.  And  this  shrinking  may  in  a  similar  manner  to  the  first 
be  followed  by  a  further  expansion  and  shrinking,  giving  rise  to  a  post- 
dicrolic  wave,  or  it  may  be  to  post-dicrotic  waves.  And  the  successive 
changes  thus  inaugurated  at  the  root  of  the  aorta  travel  as  so  many  waves 
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the  arterial  system,  diminishing  as  they  go.  It  will  be  observed  that 
developraeulof  the^ie  waves  a  certain  quality  in  the  walla  of  the  tubing 
b  oeecBMry.  The  tube  must  l>e  8uch  as  jHissesses  when  at  rest  an  open  lumeu  ; 
the  walls  must  be  of  such  a  kind  thai  the  tube  romaina  open  when  empty — 
i.e.,  mhea  the  atmoepheric  pressure  is  equal  inside  and  outside — ao  that  when 
it  fbrioks  too  much  it  expunds  a^aiii  in  striviu|r  to  retain  its  natural  calibre. 
This  we  have  seen  to  be  a  charaeteristic  of  the  arteries.  A  collapaible  tube 
ui  thin  membrane  will  not  show  the  phenomena;  such  a  tube  when  thestop- 
enek  is  turned  collapses  and  empties  itself,  continuing  to  be  collapsed  witb- 
oot  aoy  etTi^rt  to  ex[)and  again. 

In  the  above  explanation  no  mention  has  been  made  of  the  closing  of  the 
[loDar  valves;  we  shall  have  to  s{)eak  of  these  a  little  later  on  in  refer- 
to  the  pre-dicrolic  wave,  and  shall  see  that,  under  the  view  we  have  just 
),  the  closing  of  the  semilunar  valves  is  to  be  regarded  rather  as  the 
thao  the  cause  of  the  dicrotic  wave.  Many  authors,  however,  give  an 
interpretation  of  the  dicrotic  wave  diflerenl  from  that  detailed  above.  Thus, 
it  is  held  that  the  primary  shrinking  from  .1  onward,  being  brought  to  bear 
oa  thjt  column  of  blood  already  come  to  rest,  in  face  of  the  great  pret«sure  in 
front,  drives  the  blood  hack  against  the  semilunar  valves,  thus  ckising  them, 
aod  that  the  impact  of  the  column  of  blotid  aj^^ainst  the  valves  starts  a  new 
wmve  of  expansion,  which  reinforcing  the  natural  tendency  of  the  elastic 
vttUs  to  expand  again  after  their  primary  shrinking,  produces  the  dicrotic 
wave  C.  Ou  this  view,  it  is  the  blood  driven  back  from  the  valves  which 
cixpaixis  the  artery ;  on  the  view  given  above,  it  is  the  expanding  artery  which 
draws  the  blood  back  toward  the  valves. 

Moreover,  quite  other  views  have  been  or  are  held  concerning  this  dicroUc 

wave.     According  to  many  authors,  it  is  what  Is  called  a  "  reflected  "  wave. 

Tluu*  when  the  lube  of  the  artificial  model  bearing  two  levers  is  blocked  just 

beyond  the  far  lever,  the  primary  wave  ia  seen  to  be  accompanied  by  a  second 

wave,  which  at  the  far  lever  is  seen  close  to,  ami  otleu  fused  into,  the  primary 

wave  (Fig.  ^-^  VI.  a'),  but  at  the  near  lever  is  at  some  distance  from  it 

<  Fig.  ^,  1.  a),  being  the  further  from  it  the  longer  the  interval  between  the 

lever  and  the  block  in  the  tube.     The  second  wave  is  evideully  the  primary 

wave  reflected  at  the  bIfKjk  and  travelling  backward  toward  the  pump.     It 

Uuta,  of  course,  passes  the  far  lever  before  the  near  one.     And  it  has  he^u 

argiMd  that  the  dicrotic  wave  of  the  pulse  ia  really  such  a  reflected  wave, 

started  either  at  the  minute  arteries  and  capillaries,  or  at  the  points  of  bifur- 

catioo  of  the  larger  arteries,  and  travelling  backward  to  the  aorta.     But  if 

this  were  the  case,  the  distance  between  the  primary  crest  and   the  dicrotic 

crert  ought  to  be  less  in  arteries  more  distant  from  than  in  those  nearer  to 

tW  heart,  just  as  in  the  artificial  scheme  the  reflected  wave  is  fused  with  a 

fniiaary  wave  near  the  block  (Fig.  8-1,  VI.  6  a.  a),  but  becomes  more  and 

■nra  eeparated   from  it  the  further  back  toward  the  pump  we  trace  it  (Fig. 

W,  L  1  a.  a').     N«iw  this  is  not  the  case  with  the  dicrotic  wave.     Careful 

acBsuremeDts  show  that  the  distance  between  the  iirinmry  and  dicrotic  crests 

if  either  greater,  or  certainly  not  less,  in  the  smaller  or  more  distant  arteries 

(haa  in  the  larger  or  nearer  ones.      This  feature  indee<l  proves  that  the 

dicrotic  wave  cannot  be  due  to  reflection  at  the  periphery,  or,  indeed,  in  any 

way  a  retrograde  wave.    Hesides,  the  multitudinous  (>eripheral  division  would 

mder  one  large  peripherally  ref1ecte<l  wave  ini[)osslble.     Again,  the  more 

fapidly  the  primary  wave  is  obliterated,  or  at  least  diminished,  on  its  way  to 

thm  perinbery,  the  lets  conspicuous  should  be  the  dicrotic  wave.      Hence 

ocnaBed  ex'teDsibility  and  increased  elastic  reaction  of  the  arterial  walla 

wlueli  tend  to  use  up  rapidly  the  primary  wave,  should  also  lessen  the  dicrotic 
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wave.  But  us  a  matter  of  fact  thene  conciiLions,  as  we  have  said,  are  favor- 
able to  the  prominence  of  the  dicrotic  wave. 

On  tbe  other  hand,  these  aud  the  other  conditions  which  favor  dierotisro 
in  the  pulse  are  exactly  those  which  would  favor  such  a  development  of 
secondary  waves  as  has  been  described  above,  and  their  al)8ence  wouhl  be 
unfavorable  to  the  occurrence  of  such  waves.  Thus  dicrotisni  Is  less  marked 
tu  rigid  arteries  (such  as  those  of  old  people)  than  in  healthy  elastic  ones; 
the  rigid  wall  neither  expands  so  readily  nor  shrinks  so  readily,  and  hence 
does  not  80  readily  give  rise  to  such  secondary  waves.  Again,  dicrotism  is 
more  marked  when  the  mean  arterial  pressure  is  low  than  when  it  is  high  ; 
indeed,  dicrotism  may  be  induced  when  absent,  or  increased  when  slightly 
marked,  by  diminishing,  in  one  way  or  another,  the  mean  pressure.  Now, 
when  the  pressure  is  high,  the  arteries  arc  kept  coDtinually  much  expanded, 
aud  are  therefore  the  less  capable  of  further  expausiou :  that  is  to  say,  are, 
BO  far,  more  rigid.  Hence  the  additional  expaubion  due  to  the  systole  is  not 
very  great ;  there  is  a  less  tendency  for  the  arterial  walls  to  swing  backward 
and  forward,  so  to  speak,  and  hence  a  less  tendency  to  the  development  of 
secondary  waves.  When  the  mean  pressure  is  low,  the  opposite  state  of 
things  exists;  supposing,  of  course,  that  the  ventricular  stroke  ia  adequately 
vigorous  { the  low  pressure  being  due,  not  to  diminished  cardiac  force,  but  to 
diminished  peripheral  resistance),  the  relatively  empty  but  highly  distensible 
artery  is  rapidly  expanded,  aud,  falling  rapidly  back,  enters  upon  a  second- 
ary (dicrotic)  expaneion,  and  even  a  third. 

Moreover,  the  same  principles  may  be  applied  to  explain  why  8(>metimes 
dicrotism  will  appear  marked  in  a  particular  artery  while  it  remains  little 
marked  in  the  rest  of  the  system.  In  experimenting  with  an  artificial  tubing 
such  as  the  arterial  model,  the  physical  characters  of  which  remain  the 
same  throughout,  both  the  primary  and  the  secondary  waves  retain  the  same 
characters  as  they  travel  along  the  tubing,  save  only  that  both  gradually 
diminish  toward  the  periphery  ;  and  in  the  natural  circulation,  when  the 
rascular  conditions  are  fairly  uoifurm  throughout,  the  pulse  curve,  as  a  rule, 
possesses  the  same  general  characters  throughout,  save  that  it  is  gradually 
*'  damped  oH."  But  suppose  we  were  to  substitute  for  the  first  section  of  the 
tubing  a  piece  of  {>erfectly  rigid  tubing;  this  at  the  stroke  of  the  pump,  on 
account  of  its  being  ri^id,  would  show  neither  primary  nor  secondary  ex- 
pansion, but  the  expanding  force  of  the  pump's  stroke  would  be  transmitted 
through  it  to  the  second  elastic  section,  and  here  the  primary  and  secondary 
waves  would  at  once  become  evident.  Tliis  is  an  extreme  case,  but  the  same 
thing  would  be  seen  to  a  less  degree  in  passing  from  a  more  rigid,  that  is, 
less  extensible  and  elastic  section,  to  a  less  rigid,  more  extensible  and  elastic 
section;  the  primary  and  secondary  expansions,  in  spite  of  the  general  damp- 
ing eflect,  would  suddenly  increase.  Similarly  iu  the  living  body  a  pulse- 
curve  which,  so  long  as  it  is  travelling  along  arteries  in  which  the  mean 
pressure  is  high,  and  which  are  therefore  practically  somewhat  rigid,  is  not 
markedly  dicrotic,  may  become  very  markedly  dicrotic  when  it  comes  to  a 
particular  artery  in  which  the  mean  pressure  is  low  (and  we  shall  see  pres- 
ently that  such  a  case  may  occur),  uud  the  walld  of  which  are  therefore  fur 
the  lime  l)eing  relatively  more  distensible  than  the  rest. 

Lastly,  we  may  recall  the  observation  made  above  (fi  141),  that  the  curve 
of  expansion  of  an  elastic  tube  is  modified  by  the  pressure  exerted  by  the 
lever  employed  to  record  it,  aud  that  hence,  in  the  same  artery  and  with  the 
same  instrument,  the  size,  form,  and  even  the  »i>ecial  feHlurejj  of  the  curve 
vary  according  to  the  amount  of  pressure  with  which  the  lever  is  pressed 
upon  the  artery.  Accordingly  the  amount  of  dicrotism  apparent  in  a  pulse 
may  be  modified   by  the  pressure  exerted  by  the  lever.     In  Fig.  85,  for 
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ice,  the  dicrotic  wave  is  more  evident  in  the  middle  than  id  the  upper 


I    Moag. 

^ft   §  I4l.  The  pre-dicrotic  wave  fmarked  li  on  Fig.  87,  and  on  several  other 


the  pube-curves),  which  preceilea  the  dicrotic  wave  and  ia  etill  more 
ble  than  that  wave,  being  Bomettnieij  alight  or  even  invisible  au<l  some- 
ccmspicuoue,  ha?  given  riae  to  much  controversy.  In  the  interpretation 
of  the  dicrotic  wave  given  in  the  preceding  paragraph  it  was  stated  that  the 
B«(Ative  pressure  developed  on  the  cessation  of  the  flow  in  the  rear  of  the 
coiumn  of  blood,  led  by  itself  to  a  retlui  toward  the  ventricle;  and  it  has 
becQ  suggeste^l  that  at  this  reflux  meeting  and  closing  the  semilunar  valves 
A  small  wave  of  expansion  before  the  larger  dicrotic  wave  has  had 
to  develop  itself.  On  this  view  the  semilunar  valves  would  be  actually 
before  the  occurrence  of  the  secondary  dicrotic  expansion  of  the 
artarial  walls,  though  the  larger,  more  powerful  reflux  of  this  later  event 
■MMt  render  the  closure  more  complete,  and  in  doing  so  possibly  gives  rise 
to  cIm  aecond  sound.  According,  however,  to  the  second  view  given  in  the 
mxan  paragraph,  which  regards  the  reflux  due  to  the  shrinking  of  the 
arury  id  face  of  the  great  pressure  in  front  as  flrmly  closing  the  semilunar 
valvea,  and  as  thus  starting  the  secondary  dicrotic  wave  of  expansion,  the 
irra  clueing  of  the  semilunar  valves  must  take  place  before  the  beginning, 
■iH  during  the  development  of  the  dicrotic  wave;  it  is  still  [)089ible.  however, 
ereo  oo  this  view,  as  on  the  other,  to  suppose  tliat  an  antecedent  reflux,  due 
to  tbe  negative  pressure  succeeding  the  cessation  of  flow  from  the  ventricle, 
dowe  the  valves  and  starts  the  pre-dicrotic  wave.  But  the  matter  is  une  not 
j«C  beyond  the  stage  of  controversy. 

$  148.  In  an  anacrotic  pulse  the  tirst  rise  is  not  the  highest,  but  a  second 

riw  i  B,  Fig.  88)  which  follows  and  is  separated  fnmi  it  by  a  notch  ts  higher 

thao,  or  at  least  as  high  as,  itself.     Such  an  anarcrotic  wave,  though  it  may 

nsetinies  be  produced  temporarily  in  healthy  persons,  is  generally  asso- 

ilafead  with  diseased  conditions,  usually  such  in  which  the  arteries  are  ab- 

lly    rigid.     In   describing   the  ventricular  systole,  we   spoke  of  the 

re  within  the  ventricle  as  reaching  its  maximum  just  before  the  open- 

m^  of  tbe  semiluuar  valves;  and  this  is  apparently  the  normal  event;  but 

tbote  are  curves  which  seem  to  show  that  aRer  the  first  sudden  rise  of 

pcwurr    which  opens  the  valves,  followed  by  a  brief  lessening  of  pressure, 

vliich  appears  ud  the  curve  as  a  notch,  the  pressure  may  again  rise,  and  that 

to  a  pntnt  higher  than  before.     And  a  similar  curve  is  sometimes  described 

br  tbe  front'to-back  diameter  of  the  ventricle.     The  systole  opens  the  valve 

as  it  were  with  a  buret ;  this  is  followeil  by  a  slight  relapse,  and  then  the 

qrrtole,  strengthening  again,  discharges  the  whole  of  the  ventricular  contents 

ialo  tbe  aorta  and  so  brings  about  a  tardy  maximum  expansion.     And  what 

m  thas  started  in  the  aorta  travels  onward  over  the  arterial  system.     It  is 

diffiociU  to  see  how  these  anacrotic  events  can   be  prf>duced,  except  by  a 

caitain   irregularity  in  the  ventricular  systole;  and,  indeed,  the  anacrotic 

fwlie  i*  fre^piently  as8nciate<l  with  some  disease  or  defect  of  the  ventricle. 

i  149.  Vtnmi*  putj*''.  Under  certain  circumstances  the  pulse  may  be  car- 
ried oci  from  the  arteries  through  the  capillaries  into  the  veins.  Thus,  as  we 
•kail  see  later  on.  when  the  salivary  gland  is  actively  secreting,  the  blt>od 
umf  kaiie  from  the  gland  through  the  veins  in  a  rapid  pulsating  stream. 
Tbe  nervooa  events  which  give  rise  to  the  secretion  of  saliva,  lead  at  the 
aaw  time,  by  the  agency  of  vasomotor  nerves,  of  which  we  will  presently 
■peak,  10  a  dilatation  of  the  small  arteries  of  the  gland.  When  the  gland  is 
at  rtst  tbe  minute  arteries  are,  as  we  shall  see,  somewhat  constricted  and  nar- 
rowrd,  and  thus  contribute  largely  to  the  peripheral  resistance  in  the  part; 
ihii  peripheral  resistance  throws   into  action  the  elastic  properties  of  the 
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Bmall  arteries  leading  to  the  gland,  and  the  remnant  of  the  pulse  reachiag 
these  arteries  is,  as  we  before  explained,  finally  destroyed.  When  the  miiiute 
arteries  are  dilated,  their  widened  channels  allow  the  blood  to  lluw  more 
easily  through  them  and  with  less  friction  ;  the  periplieral  resistance  which 
they  nnrniaDy  o^er  is  thus  leseened.  lo  consequence  of  this  the  elasticity  of 
the  walls  of  the  small  arteries  is  brought  into  play  to  a  less  extent  than 
before,  and  these  gruali  arteries  cease  to  do  their  share  in  destroying  the 
pulse  which  comes  down  to  them  from  the  larger  arteries.  As  iu  the  case  of 
the  artificial  model,  where  tlie  "peripherftl"  tubing  is  kept  open,  not  enough 
elasticity  is  brought  into  play  to  convert  the  internjitteut  arterial  How  into  a 
continuous  one,  and  the  puUe  which  reaches  the  arteries  of  the  gland  pasaee 
on  through  theiu  and  through  the  capillaries,  and  is  continued  on  into  the 
veins.     A  similar  venoua  pulse  is  also  sometimes  seen  in  other  organs. 

Careful  tracings  of  the  great  veins  in  the  neighborhood  of  the  heart  show 
elevations  and  depressions,  which  appear  due  to  the  variations  of  intra-cardiac 
(auricular)  pressure,  and  which  may,  perhaps,  be  spoken  of  aa  constituting 
a  "  venous  pulse,"  though  they  have  a  quite  ilifferent  origin  from  the  venous 
pulse  just  de«icribed  iu  the  salivary  gland;  but  at  present  they  need  further 
elucidation.  In  cases,  however,  of  insufficieucy  of  the  tricuspid  valves,  the 
systole  of  the  ventricle  makes  itself  dii^tiuctly  felt  in  the  great  veins ;  aud  a 
distention  travelling  backward  from  the  heart  beconoea  very  visible  in  the 
veins  of  the  neck.     This  is  sometimes  spoken  of  as  a  venous  puUe. 

Variations  of  pressure  in  the  great  veins,  due  to  the  respiratory  move- 
ment's, are  also  sometimes  spoken  of  as  a  venous  pulse;  the  nature  of  these 
variations  will  be  explained  in  treating  of  respiration. 


The  RwiuLATioN  and  Adaptation  op  the  Vascular  Mechanism. 
The  He^dation  of  the  Beat  of  the  Heart, 

§  150.  So  far  the  facts  with  which  we  have  had  to  deal,  with  the  exception 
of  the  heart's  beat  itself,  have  been  simply  physical  facts.  All  the  essential 
phenomena  which  we  have  studied  may  be  reproduced  on  a  dead  model, 
cuch  flu  unvarying  mechanical  vascular  system  would,  however,  be  useless  to 
a  living  body  whose  actions  were  at  all  ciHnplicated.  The  prominent  feature 
of  a  living  mechuuisni  is  the  power  of  a<lapting  itself  to  changes  iu  xIa 
'internal  and  external  circumstancfs.  In  such  a  system  as  we  have  sketched 
above  there  wouM  he  but  scanty  power  of  adaptation.  The  well-constructed 
machine  might  work  with  beauiiful  regularity  ;  but  its  regularity  would  be 
its  destruction.  The  same  quantity  of  blood  would  always  flow  in  the  same 
steady  stream  through  each  aud  every  tissue  and  organ,  irresj^eclive  of  local 
and  geuernl  wants.  The  brain  and  (he  etoniacb,  whether  at  work  and 
Deeding  much,  or  at  rest  aud  needing  little,  would  receive  their  ration  of 
blood,  allotted  with  a  pernicious  monotony.  Ju&L  the  same  amount  of  blood 
would  pass  through  the  skin  on  the  hottest  as  on  the  coldest  day.  The 
canon  of  the  life  of  every  part  for  the  whnly  period  of  its  existence  would 
be  furnished  by  the  inborn  diameter  of  its  bloodvessels^  and  by  the  unvarying 
motive  power  of  the  heart. 

Such  a  rigiil  system,  however,  does  not  exist  in  actual  living  beings.  The 
vascular  mechanism  iu  all  animals  iu  which  it  is  pre-seut  is  capable  of  local 
and  general  modifications,  adapting  it  to  local  and  general  changes  of  cir- 
cumstance.    These  modifications  fall  inio  two  great  classes: 

1.  Changes  in  the  heart's  beat.  These,  being  central,  have  of  course  a 
general  effect;  they  influence  or  may  influence  the  whole  body. 
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IT  Changes  id  the  peripheral  rcsiatance,  due  to  variations  in  the  calibre  of 
mhiut«  arteries,  brought  about  by  the  ageucy  of  their  contractile  luus- 
r«Ur  ci»»ta.  The«e  changes  may  be  either  local,  affecting  a  particular  vas- 
raUr  area  only,  or  general,  afiectiug  all  or  nearly  all  the  blomlveasels  of 
the  body. 

These  two  claasea  of  events  are  chiefly  governed  by  the  nervous  system. 
It  as  by  means  of  the  nervous  system  that  the  heart's  beat  and  the  calibre  of 
liw  nuDuie  arteries  are  brought  into  relation  with  each  other,  and  with  almost 
•P«l  put  of  the  body.  It  is  by  means  of  the  nervous  system  acting  either 
tm  IM  b«art  or  on  the  small  arteries,  or  uu  both,  that  a  change  of  circum- 
HBBi'riB  affecting  either  the  whole  or  a  part  of  the  body  is  met  by  compensating 
or  mpulative  changes  in  the  tlow  of  blood.  It  is  by  means  of  the  nervous 
miein  that  an  organ  has  a  more  full  supply  of  blood  when  at  work  th:in 
vlien  Ai  rest,  that  the  tide  of  blood  through  the  skin  rises  and  ebbs  with  the 
riB  Bad  fall  uf  the  tem|>eruture  of  the  air,  that  the  work  of  the  heart  is 
lenperpil  to  meet  the  strain  of  overfull  arteries,  and  that  the  arterial  gates 

en  and  shut  as  the  force  of  the  central  pump  waxes  and  wanes.     The 

idy  of  these  changes  becomes,  therefore,  to  a  large  extent  a  study  of  nervous 


The  circulation  may  also  be  niHlilied  by  events  not  belonging  to  either  of 
tike  above  two  classes.  Thus,  in  this  or  that  f)cripheral  area,  changes  in  the 
capilUry  walls  and  the  walls  of  the  minut«  arteries  and  veins  may  lead  to 
■I  uicr«*ase  of  the  tendency  of  the  blood  corpuscles  to  adhere  to  the  vascular 
vall»«aiid  so,  quite  apart  from  any  change  in  the  calibre  of  the  bloodvessels, 
may  lead  to  increase  of  the  peripheral  resistance.  This  is  seen  in  an  extreme 
cMe  in  inflammation,  hut  may  possibly  intervene  to  a  less  extent  in  the 
«rdiaary  condition  of  the  circulation,  and  may  also  be  under  the  influence 
if  ihe  nervous  system.      Further,  any  decided  change  in  the  quantity  of 

actually  in  circulation  must  also  influence  the  working  of  the  vascular 
lism.  But  both  these  changes  are  unimportant  com[>ared  with  the 
acbrr  two  kinds  of  changes.  Hence,  the  two  mo8t  important  problems  for 
a»  to  study  arc,  1,  how  the  nervous  system  regulates  the  beat  of  the  heart, 
awl  '1,  how  the  nervous  system  regulates  the  calibre  of  the  blooilvessels.    We 

•*t  consider  the  former  problem. 

The  Histology  of  ih:  Heurt 

151.   It  will  be  necessary  now  to  take  up  certain  points  concerning  the 
structure  of  the  heart,  which  we  bad  previously  postponed  ;    and 
inu(^  of  our  knowleflge  of  the  nervous  mechanism  of  the  beat  of  the 
IS  derived   from  experiments  on   the  hearts  of  cold-blooded  animals, 
particularly  of  the  frog,  it  will  be  desirable  to  consider  these  as  well  as 
titt  mammalian  heart. 

Otrdiar  mtt^eulnr  i'lAjsuf.,  The  ventricle  of  the  frog's  heart  is  composed  of 
fpindle-.-thape^l  Hbres  or  fibre-cellH.  each  containing  a  nucleus  in  its 
and  tapering  to  a  point  at  each  end  ;  sometimes,  however,  the  end  is 
or  eren  branched.  Thet^e  fibres,  or  libre-cellti,  in  fact,  resemble  plain 
fibres  save  that  they  are  somewhat  larger  and  that  their  substance 
b  ilrated.  The  stritition  \%  due,  like  the  striatiou  of  a  Htriated  muscle 
fine,  to  alternate  dim  and  bright  hands,  but  it*  rarely  so  distinct  as  iu  a 
fibre;  it  is  very  apt  to  be  obscured  by  the  presence  of  dispersed 
granules,  which,  in  many  cases  at  all  events,  are  of  a  fatty  nature. 
Likff  the  plain  muscular  flbre,  the  cardiac  muscular  flbre  has  no  distinct 
arcolemma. 
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A  number  of  these  fibres  are  joined  by  cement  »ubstaDce  into  amaU 
bundles,  and  these  buudlea  are,  by  the  help  of  connective  tissue  which  carries 
no  bloodveseela,  woven  into  uu  intricate  network  or  sponge-work,  which 
forms  the  greater  part  of  the  wall  of  the  ventricle.  Immediately  under  the 
pericardial  coating,  consisting  of  a  layer  of  epithelioid  plates  resting  on  a 
connective-tissue  baf<is,  the  niuncular  tissue  forme  a  thin  contiauoua  sheet,  but 
within  this  it  spreudit  out  into  a  sponge-work,  the  meshes  of  which  present  a 
labyrinth  of  patisaees  continuous  with  the  cavity  of  the  veulriele.  The  bars 
of  this  3i>oiige-work,  varying  in  thicknegs,  and,  though  apparently  irregular, 
arranged  im  u  definite  syKem,  conaiet  of  Iniudlea  of  muscular  tibrea  united 
by  connective  tissue,  and  are  coated  with  the  same  endocardia!  membrane 
(flat  epithelioid  plates  resting  on  a  connective-tissue  basis)  that  lines  the 
cavity  of  the  ventricle  and,  indeed,  the  whole  interior  of  the  heart.  The 
cavity  of  the  ventricle,  in  other  words,  opens  out  into  a  labyrinth  of  passages 
reaching  nearly  Ut  the  eurihce  of  the  ventricle.  When  the  ventricle  is 
dilated  or  relaxi^d,  hitttid  fiuws  freely  iuto  and  fills  this  labyrinth,  bathing 
the  bars  of  the  fipouge-work,  which,  in  the  absence  of  capillaries,  depend  on 
this  blood  f{ir  their  nourishment.  When  the  ventricle  contracts,  the  blood 
\b  driven  out  of  this  labyrinth  aa  well  li^  out  of  the  central  cavity.  Hence. 
the  ventricle  when  dilated  ami  full  of  blood  is  of  a  deep  red  color,  when 
contracted  and  empty  is  extremely  pule,  having  little  more  than  the  color  of 
the  muscular  fibres  ihemHelves.  which,  like  striated  fibres,  possess  in  their 
own  substance  a  certitiu  anxuint  of  luemoglubiti  or  of  myohiematin. 

The  much  thitiuer  walls  of  the  auricle  consist  of  a  much  thinner  network 
of  similar  fibres  united  by  a  relatively  larger  quantity  of  connective  tij*eue 
into  a  thin  sheet,  with  the  pericardial  membrane  on  the  outside  and  the 
endocardial  membrane  on  the  inside.  The  fibres  have  in  the  auricle  a  much 
greater  tendency  to  he  branched,  and  many,  ceasing  to  be  spindle-6hai>e<l, 
become  almost  stellate.  Among  the  obscurely  striated  but  still  striated 
fibres  are  found  ordinary  plain  musculur  fibres  which  increase  in  relative 
nundjer  aloni;  the  roots  ot  the  veins,  vena  cavie,  and  pulmonnles,  until  at 
some  little  distance  from  the  heart  plain  muscular  fibres  only  are  found, 
BlrHjdvesselrt  are  absent  from  the  walls  of  the  auricles  also. 

In  the  bulbus  arteriosus,  mixed  up  with  much  connective  and  elastic 
tissue,  are  found  fusiform  fibres  which  close  to  the  ventricle  are  striated  and 
form  a  thick  layer,  but  at  a  certain  distance  from  the  ventricle  lose  their 
striatiou,  or  rather  become  mixed  with  plain  muecular  fibres,  and  form  a 
thinner  layer. 

§  152.  In  the  mammal,  both  the  ventricles  and  the  auricles  are  formed  of 
bundles  of  muscular  tisbue,  bound  together  by  connective  tissue,  and  arranged 
more  especially  in  the  ventricles  in  a  very  complex  system  of  sheets  or  bands 
dispose<i  as  spirals,  and  in  other  ways,  the  details  of  which  need  not  detain 
us.  In  the  auricular  nppentlices  and  elsewhere,  the  bundles  form  irregular 
networks  projecting  into  the  cavities. 

The  connective  tissue  binding  the  muscular  fibres  together,  unlike  the 
corresponding  connective  tissue  in  the  frog's  heart,  is  well  8upi)lied  with 
blot)dvesseIs  belonging  U>  the  coronary  system.  This  connective  tissue  forms 
on  the  inner  surface  of  the  cavities  a  continuous  sheet,  the  connective-tissue 
bnsis  of  the  fiat  epithelioid  cells  of  the  endocardium,  and  on  the  outside  of 
the  heart  the  visceral  layer  of  the  perieaniium. 

The  histidogicjil  unit  of  these  muscular  bundles  is  neither  a  fibre  nor  a 
fusiform  fibre-eell,  but  a  more  or  less  colunmar  or  prismatic  nucleated  cell 
generally  provided  with  one  or  more  short,  broad  processes.  [Fig.  S^O.]  The 
nucleus,  wnich  is  oval  and  in  general  resembles  one  of  the  nuclei  of  a  striated 
fibre,  is  placed  in  about  the  middle  of  the  cell  with  it^  long  axis  iu  the  line 
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g  diameter  of  the  cell.     The  cell  body,  which  is  not  bounded  by 

T  definite  sarcolemma,  ib  striated,  though  obscurely  so,  acrc«s  the  long 

r  of  the   cell,  the  striationB  as   in  a 

1  niudcle  fibre  bein^  due  to  the  altcrua- 

tioM  of  dim  and  bright  bauds.     As  in  the  frog's 

keaft*  ^ranulen  are  freijuently  abundant,  ob- 

aenriBg  the  striaiton,  which  indeed  even  in  the 

of  granules  is  never  so  distinct  as  in 

fibres  of  skeletal  muscles.     Such  a  cell  is  at 

h  end  Joined  by  cement  substance  to  similar 

U,   aiiu  a   row  of  such   cells   constitutes  a 

iftc   elementary   fibre.      Hence,  a  cardiac 

nr  is  a  Hbre  striated,  but  without  sarcolemma, 

divided  by  partitions  of  cement  substance 

Bncnewhac  elongated  divisions  or  cells, each 

taiuiug  a  nucleus.     Many  of  the  cells  in  a 

re  have  a  short,  broad,  lateral  procesH.    8uch 

t  proeeM  is  united   by  cement  substance  to  a 

mnilar    proceta   oi^  a   cell    belonging   to  an 

oititng  fibre;  and  by  the  union  of  a  number 

these  processes,  a  number  of  purailel  fibres 

■re   formed  inlf»  a  somewhat   close   network. 

Each  bundle  of  the  cardiac  muscular  tissue  is 

tim   itself  a  network.      These    bundles   are 

ftirtfasr  woven   into   networks   by  connective 

tiaU'e  in  which  run  capillurieH  and  larger  blood- 

tcmbIr;  andsheetAor  bundles  compoeed  of  8uch 

wtworkf)  are  arranged,  as  we  have  said,  in  a  complex  manner  both  in  the 
■aricle  and  ventricle.  Hence,  the  muscular  substance  of  the  mammalian 
heart  Is,  at  bottom,  an  exceedingly  complex  network,  the  element  of  which 
b  a  siyniewbat  branched  nucleate<t  striated  cell.  It  may  be  remarked  that 
tiie  **  tnujouli  pectinati  "  of  the  auricle  and  the  "  colurante  carnerc"  of  the 
TenUicle  suggest  the  origin  of  the  mammalian  heart  from  a  muscular 
kbyrinlh  like  that  of  the  frog*8  ventricle. 

At  the  commencement  of  the  great  arteries  this  {>eculiar  CArdiac  muscular 
tasrocccaecs  abruptly,  being  replaceil  by  the  ordinarv  structures  of  an  artery, 
hat  the  striated  muscular  fibres  of  the  auricle  may  be  traced  for  some  dis* 
^—tece  aioux  b<^>^^  ^^^  venie  cavse  and  venfe  pulmonates. 
^^b  Under  the  endocardium  are  frequently  present  ordinary  plain  muscular 
^^pbres.  and  in  some  cases  peculiar  cells  are  found  in  this  situation,  the  cells 
^Bv  Purfcinj^,  which  are  interesting  morphologically  because  the  body  of  the 
^^Btll  arvnind  the  nucleus  is  ordinary  clear  protoplasm,  while  the  outaide  is 
ttnatcd  »ub9tance.  Plain  muscular  fibres  are  said  also  to  spread  from  the 
tndocanlium  for  a  certain  distance  into  the  auriculo-vcntricular  valves. 

§  153.  The  nrrvf»  of  the  h^art.  The  distribution  of  nerves  in  the  heart 
tarwi  a  good  deal  in  ditfereut  vertebrate  animals,  but  nevertheless  a  general 
plan  is  more  or  leas  evi<]ent.  The  vertebrate  heart  may  be  regarde^^l  as  A 
■oscular  tube  ( a  single  tube,  if  for  the  moment  we  disregard  the  complexity 
itf  a  doable  circulation  occurring  in  the  higher  animals)  divided  into  a  series 
«f  eharober?,  sinus  venosus  (or  junction  of  great  veins) — auricle,  ventricle, 
and  bulbus  (or  conus)  arteriosus.  The  nerves  (with  the  exception  of  a  small 
aonre  which  in  some  animaln  reaches  the  heart  by  the  aorta)  enter  the  heart 
at  the  venous  end  of  this  tube,  at  the  sinus  venosus,  and  pass  on  toward  the 
■rttrial  end,  diminishing  in  amount  as  they  proceed  and  disappearing  at  the 
aorta,    lonuccted  with  the  nerve  fibres  thus  passing  to  the  heart  are  groups, 
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smaller  or  jy:reater,  of  nerve  cells.  These,  like  the  nerve  tibres,  are  rnoBt 
ahundaiit  at  the  venous  end  (apjwaring  mi  the  nerve  brunches  before  these 
actuttlty  reach  the  heart),  as  a  rule,  bewme  fewei  toward  the  arterinl  end, 
and  tinahy  disappear,  ao  that  (according  to  most  observera)  at  the  bulbus 
(conus)  arteriosus  they  are  entirely  absent. 

These  collections  of  nerve  cells  ur  ganglia  may  be  arranged  in  groups 
according  to  their  position.  In  many  lower  vertebrates  there  is  a  distinct 
ring  or  collar  of  ganglia  at  the  junction  of  the  sinus  venosus  with  the  auricle, 
where  the  i>rimilive  cirnular  disposition  of  muncular  fibres  is  maintained; 
and  there  is  a  similar  gangSionic  collar  at  the  junction  of  the  auricle  with 
the  ventricle,  where  also  there  is  similarly  retained  a  circular  disposition  of 
the  muscular  fibres  forming  the  Bo-c^lled  cajtn/i)*  aurtntiari/t.  And,  indee<l, 
in  all  vertebrates  two  similar  collections  of  ganglia  are  more  or  less  distinctly 
present.  There  are  gan/^lia  at  the  junction  of  the  sinus  with  the  auricle  and 
along  the  entering  nerve  branches;  these  may  be  called  the  sinus  ganglia. 
There  are  (tther  ganglia  at  the  junction  of  the  auricle  and  ventricle;  these 
may  be  called  the  aiiriculo-veuiricular  ganglia.  Besides  these  two  groups 
there  are  also  ganglia  over  the  auricle  in  coanectiun  with  nerves  passing  from 
the  sinus  to  the  ventricle. 

Lastly,  as  a  general  rule,  the  main  nerve  branches  and  the  ganglia  are  not 
plunged  deeji  into  the  substance  of  the  heart,  but  are  placed  superiicially 
immediately  under  the  pericardial  layer.  From  the  cells  and  nerves  so  situ- 
ated liner  branches  and  Kbres  pa»s  to  tlie  substance  of  the  heart. 

In  the  frog  (and  other  amphibia)  the  arrangement  ditters  snmewhat  from 
the  above  plan,  and  therefore  needs  a  B|)ecial  description. 

The  only  nerves  going  to  the  heart  of  the  irog  are  the  two  vagi,  right  and 
left,  which  may  be  seen  running  along  the  two  superior  vena;  cava^,  and 
becoming  tost  to  view  at  the  sinus,  where  they  pass  from  the  surface  to 
deeper  parts.  Each  vagus  is  not.  however,  simply  a  vagus  nerve,  but,  as 
we  aliall  see,  contains  fibres  derived  from  the  splanchnic  or  sympathetic  sys- 
tem. As  the  ncrvca  approaeh  the  sinus,  groups  of  nerve  cells  become 
abundant  in  connection  with  the  fibres,  and  as  the  fibres  spread  out  at  the 
sinus  many  ganglia  are  scattered  among  them,  forming  what  is  called  as  u 
whole  the  mntg  ganglion,  or  the  ganglion  of  Remnk. 

From  the  sinus  the  two  vagi,  leaving  their  position  under  the  pericArdium, 
plunge  into  the  heiirt  and  run  along  the  septum  between  the  auriclas,  on  the 
letl  side  c.f  the  septum — one,  the  anterior  nerve,  passing  nearer  the  front  of 
the  heart  than  the  ttther,  the  posterior.  Several  groups  of  cells  or  small 
ganglia  are  connected  with  the  two  **  septal  "  nerves  thus  passing  along  the 
septum. 

The  nerves  reaching  the  auriciilo-veiitncnlar  ring  on  the  anterior  aide  of 
the  heart  end  in  two  ganglia  lying  at  the  base  of  the  two  large  auriculo- 
yentricular  valves. 

From  these  two  ganglia  Bidder'^  ganglia,  or  the  aurin^ulO'Veiiirieular  ganglia, 
uerve  fibree  pase  into  the  substjince  of  the  ventricle.  Nerve  cells  may  be 
traced  on  the  fibres  going  to  the  ventricle  for  some  little  distance,  but  for  a 
little  distance  only  ;  over  the  greater  part  of  the  ventricle,  the  lower  two- 
thirds,  for  instance,  the  nerve  tibres  are  free  from  nerve  cells. 

Thus,  in  the  frog  there  are  two  main  gnuglia—siuus  or  Rcmak's  ganglion, 
aurtculo-ventricular  or  Bidder's  ganglia.  From  the  former  there  pass,  on 
the  one  hand,  scattered  tibres,  in  connection  with  which  are  small  groups  of 
cells,  to  the  auricular  walb,  and  to  the  sinus  walls ;  and.  on  the  other  hand. 
the  two  main  nerves  running  along  the  septum,  in  connection  with  which 
are  small  ganglia  which  may  he  called  "septal  "  ganglia.  From  the  latter. 
Bidder's  ganglia,  fibres  unaccompanied, except  fur  a  short  distance,  by  uerve 
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to   the  aubstaoce  of  the  ventricle   and    possibly  to  the  butbua 


In  the 


\\  the 


confoi 


closely  to  the 


arrungement  appeai 
piMnil  plan  describtnl  iibove.  The  several  canliac  nerves,  from  the  aympa- 
UHtie  chain,  together  with  branches  I'rom  the  vagus,  including  fibres  from  the 
ncorrent  laryngeal,  form  the  superHcial  and  deep  irardiac  plexuses  below 
Mad  bcn««lh  the  arch  of  the  aorta.  From  these  plexuses  fibres  are  diB- 
Cribuied  to  the  su{>erior  vena  cava  and  to  the  pulmonary  veins,  and  thence  to 
line  vmriouB  parta  of  the  heart.  Ganglia  are  abundant  on  ihe  sunerior  vena 
ava^and  &re  also  found  on  the  pulmonary  veins,  in  the  walls  of  tlie  auricles, 
ia  the  auriculu- ventricular  groove,  ami  in  the  ba»al  {M>rtion  of  the  ventricles  ; 
fiuther.  according  to  some  observers,  in  rontra.st  to  the  frog's  heart,  a  num- 
ber of  amall  ganglia  may  be  observed  over  a  large  part  of  the  ventricle  far 
down  tuwanl  the  H|>ex.  The  auricular  septum,  at  least  in  ilt^  central  parts, 
ii  free  frvmi  ganglia.  The  nerves  and  ganglia  lie  for  the  most  part  sujK'rfi- 
ciatly  immediately  under  the  pericardium. 

Id  ih^  frog  the  fibres  forming  the  vagus  nerves  as  they  run  along  the 
iQpari^r  venar  cavm  are  composed  of  medullated  and  uou-medullated  bbres, 
Uie  latter  l»eiug  chiefly,  if  not  wholly,  deriveil  from  the  splanchnic  or  sym- 
MllMiSc  aystera.  Medullated  tlhrea  with  a  larger  proportion  of  non-medul- 
klad  fibres,  are  found  in  the  i^eptal  nerven  running  to  Bidder's  ganglia,  but 
tba  fine  fibres  which  pass  from  HidthT's  ganglia  to  the  substance  of  the  ven- 
tricle are  exclusively  non-meduUuted  Bbre^.  The  nerve  cells  in  the  sinus 
fuelia  and  along  the  ends  of  the  vagus  nerves,  as  well  as  some  of  the  cells 
rf  the  ganglia  scattered  over  the  septum,  are  of  the  kind  previously  tS  ^^) 
^Mcribed  as  spiral  cells.  The  cells  composing  Bidder's  ganglia,  as  well  as 
■tanr  of  the  cells  in  the  septum,  are  said  to  be  bipolar  and  fu.'^iform. 

in  the  mammal  the  fibres  ()assing  to  the  heart  are  also  medidlated  and 
oaa-Oftedullaled.  Some  of  the  medullated  Hlires  are  of  fine  calibre,  may  l>e 
Ueed  back  to  the  vagus,  and  ap))ear  to  be  fibres  of  which  we  shall  speak 
pRseotly  as  inhibitory.  Others  of  the  meilullated  fibres  are  of  larger  cali- 
9n^  and  fM^me  of  these  at  all  events  appear  to  he  sensorv,  or  at  least  afferent 
in  fttecUon.  Of  the  non-medullatetl  fibres,  some  may  be  traced  back  along 
the  cardiac  nerves  to  the  inferior  cervical  ganglion,  and  are  of  rhc  kind  we 
ihaU  speak  of  as  augmenting.  In  contrast  to  the  frog,  many  af  the  tibres  in 
ike  ventrtcle  •  where  they  lie  close  under  the  jiericardiuni )  are  medullated, 
and  it  is  pntbable  that  these  are  aHerent  fibres. 

The  ceils  forming  the  various  ganglia  scattered  over  the  mammalian  heart 
■ar,  perhaps,  be  classed  as  unipolar  and  multipolar,  the  former  lieing  espe- 
ealiy  connected  with  medullated  fibres,  the  one  class  l>ciug  prominent  in  one 
ioD,  the  other  in  another. 


The  Development  of  0%e  Normal  Beat. 


II.  The  heart  of  a  mammal,  or  of  a  warm-blooded  animal,  generally 
to  beat  williin  a  few  minutes  after  being  removed  from  the  body  in 
linary  way,  the  hearU  of  newly-born  animals  continuing,  however,  to 
r  a  longer  time  than  those  of  adults.  Hence,  though  by  special  pre- 
1  and  by  mean:*  of  an  artificial  circulation  of  blood,  an  isolated 
atian  heart  may  be  preserved  in  a  pulsating  condition  for  a  much 
loMvr  time,  our  knowledge  of  the  exact  nature  and  of  the  causes  of  the 
«m»c  beat  is  ad  yet  very  largely  based  on  the  study  of  the  hearts  of  cold- 
Uood^l  animals,  which  will  continue  to  beat  for  hours,  or  under  favorable 
ebcomalancai  even  tor  days.  af\er  they  have  l>een  removed  from  the  body 


Doay        ^^ 


246 


THE    VASCULAR    MECHANISM, 


with  ouly  ortliimry  care.  We  have  reason  to  think  that  the  niechaiiiam  by 
which  the  beat  is  carriefJ  on  varies  in  some  of  its  secondary  featiirea  in  JilFer- 
ent  kinds  of  animals;  that  the  hearts,  for  instance,  of  the  eel,  the  snake,  the 
tortoise,  and  the  fro^,  differ  in  some  minor  details  of  behavior,  bcilh  from 
each  other  and  from  the  bird  and  the  nmmnial  ;  but  we  may,  at  lirtit  at  all 
events,  take  the  heart  ni^  the  frog  a.^  ilhislrating  tlie  main  and  important 
truths  couceruiug  the  causes  and  mechanism  uf  the  beat. 

In  studying  clowly  the  phenomenn  of  the  beat  of  the  heart  it  becomeB  neceasary 
to  obtain  a  graphic  rfconl  nf  various  movements. 

1.  In  the  frng  or  other  cold-blrioded  animftl.a  light  lever  maybe  placed  directly 
on  the  ventride  (or  on  an  auricle,  etc.).  and  changes  of  form,  due  either  to  disten- 
tion by  the  influx  ol'  blood  or  lo  the  systole,  will  cause  movements  of  the  lever, 
which  may  be  recorded  od  a  travelliug  surfuce.  The  same  methods,  as  we  have 
seen,  may  be  applied  to  the  mammftlian  heart. 

2.  Or,  a.s  in  Oa-Hkell's  methorl,  the  heart  may  be  fixed  by  a  clamp  oarefnUy  ad- 
justed around  the  auriculo-ventriculiir  groove,  while  the  apex  nf  the  ventricle  and 
some  portion  of  one  auricle  are  attached  by  threads  to  horizontal  levers  placed 
respectively  above  and  below  the  heart.  The  auricle  and  the  ventricle  each  in  its 
svstote  pulls  at  the  lever  attached  to  it,  and  the  times  and  extent  of  the  contrac- 
tions may  thus  be  recorded. 

3.  A  record  of  endo-cardiac  pressure  may  be  taken  in  the  frog  or  tortoise,  as  in 
the  mammal,  by  means  of  an  appropriate  manometer.  And  in  these  animals,  at 
all  events,  it  is  easy  to  keep  u]»  an  artificial  circulation.  A  canuln  is  introduced 
into  the  sinus  venosus,  and  another  into  the  ventricle  through  the  aorta.  Serum 
or  dilute  Mood  (or  any  other  llutd  which  it  may  be  desired  to  employ)  is  driven 
by  moderate  pressure  through  the  farmer ;  to  the  latter  is  attached  a  tube  con- 
nected by  mean**  of  a  side  piece  with  a  f*mall  mercury  manometer.  So  long  as 
the  exit-tube  is  open  at  the  end  fluid  flows  freely  through  the  heart  and  appunitus. 
Upon  closing  the  exit-tube  at  iLs  fur  enJ  the  force  of  the  ventricular  systolp  is 
brought  to  bear  on  the  manometer,  the  index  of  which  registers  in  the  usual  way 
the  movements  of  the  mercury  culumu.  Newell  Martin  has  t3ucc€ede<l  in  apply- 
ing a  modification  of  this  method  to  the  mammalian  heart. 

4.  The  movements  of  the  ventricle  may  be  registered  by  introducing  into  it 
through  the  auriculo-ventricular  orifice  a  «n-culled  "  perfusion  "  canula.  Figs.  01 

and  9'2,  I.,  with  a  dnuhlo  tube,  one  inside  the  other,  and  lying 
the  ventricle  on  to  the  canula  at  the  niirioTdo-ventricular 
groove,  or  at  any  level  below  that  which  niay  be  desired. 
The  blood  or  other  fluid  is  driven  at  an  ade(]Uate  pressure 
through  the  tube'a,  enters  the  ventricle,  and  returns  by  the 
tube  6.  If  h  be  connected  with  a  manometer  as  in  method  3, 
the  movements  of  the  ventricle  may  be  registered. 

5.  In  the  apparatus  of  Roy,  Fig.  02.  II.,  the  exit-tube  is 
free,  but  the  ventricle  (the  same  method  may  be  adopted  for 
the  wh(fle  heart]  is  placed  in  iin  air-tight  chamber  filled  with 
oil,  or  partly  with  normal  saline  solution  and  partly  with  oil. 
By  mean^  of  the  tube  b  the  interior  of  the  chamber  o  is  con- 
tinuous with  that  of  a  small  cylinder  *•  in  which  a  piston  d, 
secured  bv  a  thin  flexible  aninml  membrane  works  up  and 
down.  The  piston  again  bears  on  a  lever  r  by  means  of  which 
its  movemenla  may  be  registerfd.  When  the  ventricle  con- 
tracts, and  by  contracting  diniiniahes  in  volume,  there  is  a 
lesaeoing  of  pressure  in  the  interior  of  the  chamber;  this  is 
transmitted  to  the  cylinder,  and  the  piston  correspondinglv  rises,  carrying  with  it 
the  lever.  As  the  ventricle  subsequently  becomes  distended  the  pressure  in  the 
chamber  is  increased,  and  the  piston  and  lever  sink,  In  this  way  variations  in 
the  volume  of  the  ventricle  may  be  recorded,  without  any  great  interference  with 
the  flow  of  blood  or  fluid  through  it. 

The  heart  of  the  frog,  as  we  have  just  said,  will  continue  to  beat  for  hours 
after  removal  from  the  body,  even  after  the  cavities  have  been  cleared  of 
blood,  and,  indeed,  when  they  are  ahnost  empty  of  all  fluid.     The  beata  thus 
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are  id  all  important  respects  identical  with  the  beats  executed  by 
iIm  heart  iu  iu  itormal  condition  within  tlie  living  body.  Hence  we  may 
tuier  ihat  the  lieat  nf  the  heart  is  an  automatic  action ;  the  muHcular  con- 
trartjons  which  constitute  the  beat  are  due  to  causes  which  arise  sponta- 
mtomiy  in  the  heart  itself. 


Fig.  9-^ 
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oanuU  tied  Into  IVog'*  reulrid*.    a,  wutnuicu ;  l>,  exit-tube ;  ...  a,  whII  nf  vttntriole ; 

appumtuf  moOlfleO  b>'  Guklll.    a.  cliunbcr  ttUcd  wlib  Ballnc  •toluilon  and  oil.  contolD- 
tag  dta  Tsotiiclr  .   .  't  tleil  on  tu  f<«rAulnn  canula/.   b,  tube  lentling  to  cylinder  c.  In  ntilch  idotm 
A,  worUntt  tbc  lercr  e. 


In  the  frogV  heart,  as  in  that  of  the  mammal.  ^  126,  there  id  a  distinct 
flB^ueDoe  of  events  which  is  the  same  whether  the  he»rt  he  removed  from,  or 
be  idll  in  its  normal  condition  within,  the  bmly.  First  comes  the  beat  of 
the  nnos  veuoaus,  preceded  by  a  more  or  less  [teristaltic  contraction  of  the 
brge  Teins  leading  into  it,  next  follows  the  sharp  beat  of  the  two  auricles 
Mfetber,  then  comes  the  longer  beat  of  the  ventricle,  and  lastly,  the  cycle  is 
•aapleied  by  the  beat  of  the  bulbus  arteriosus.-  which  does  not,  like  the 


lian  aorta,  simply  recoil  by  elastic  reaction  after  distention  by  the 
TOitricular  stroke  but  carries  out  a  distinct  muscular  contraction  paasiug  in 
t  VATe  from  the  ventricle  outward. 

When  the  heart  iu  dyin^  ceases  to  beat,  the  several  movements  cease,  as  a 
rale,  in  an  order  the  inverse  of  the  above.  Omitting  the  hulbus  arteriosus, 
vUob  sometimes  exhibits  great  rhythmical  power,  we  may  say  that  first  the 
twf ■  li'ilft  fails,  then  the  auricle:^  fail,  and  lastly  the  sinus  venosus  fails. 

The  heart  after  it  has  ceased  to  boAt  spontaneously  remains  for  some  time 

irritable — that  is.  capable  of  executing  a  beat,  or  a  short  series  of  beats,  when 

timalated  either  mechanically,  as  by  touching  it  with  a  blunt  needle  or  elec- 

ically  by  an  induction  shock  or  in  other  ways.    The  artificial  beat  so  called 

may  be  in  its  main  features  identical  with  the  natural  beat,  all  the  divi- 

nf  the  heart  taking  part  in  the  beat,  uud  the  gcouence  of  events  being  the 

as  in  the  natural  beat.    Thus  when  the  sinus  is  pricked  the  beat  of  the 

I  may  be  followed  by  a  beat  of  the  auricles  and  of  the  ventricle;  and 

when  the  ventricle  is  stimulated,  the  directly  following  beat  of  the  ven- 

foay  be  8uccee<led  by  a  complete  beat  of  the  whole  heart. 

Under  certatu  circumstances,  however,  the  division  directly  stimulated  ia 
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the  only  one  to  beat ;  when  the  ventricle  is  pricke<l  for  instanoe  it  aloue 
beats,  or  when  the  sinus  is  pricked  it  alone  beut^.  The  results  of  fltimulation 
moreover  may  difier  according  to  the  wndition  of  the  heart  and  according 
to  the  particular  »[K)t  to  which  the  stimulus  is  applied.  '^J     -1 

Witn  an  increasing  loss  of  irritability,  the  reeponse  to  stimulation  ceases 
in  the  several  divisions  in  the  anme  order  as  that  nf  the  failure  of  the  natural 
beat — the  ventricle  ceases  to  resjmnd  lirst^  then  the  auricles,  and  lastly  the 
sinus  venoaus,  which  frequently  responds  to  stimulation  long  after  the  other 
divisions  have  ceased  to  make  any  sign. 

It  would  appear  as  if  the  sinus  venosua.  auricles,  and  ventricle  formed  a 
descending  series  in  respect  to  their  irritabiJily  anrl  to  the  power  they  possess 
of  carrying  on  apoutaneoua  rhythmic  beats,  the  sinus  being  the  most  potent. 
This  is  also  seen  in  the  following  experiments  : 

In  order  that  the  frog'rt  heart  may  beat  after  removal  from  the  body  with 
the  nearest  approach  in  rapidity,  regularity,  and  endurance  to  the  normal 
amdition,  the  removal  must  l)o  carried  out  so  that  the  excised  heart  still 
retaiuH  the  sinus  venosus  intact. 

When  the  incision  is  carried  through  the  auricles  bo  as  to  leave  the  sinus 
veuosuH  behind  in  the  body,  the  result  is  different.  The  sinus  venosus  beats 
forcibly  and  regularly,  having  suffered  hardly  any  interruption  from  the 
oi>eratiim.  The  excised  heart,  however,  remains,  in  the  majority  of  cases, 
for  some  time  motionleea.  8timuhited  by  a  prick  nr  an  induction-shock,  it 
will  perhaps  give  one,  two,  or  several  beats,  and  then  comes  to  rest.  In  the 
majority  of  caeee^  however,  the  animal  having  previnusly  been  in  a  vigorous 
condition,  it  will  aAer  a  while  reconinieuce  itssptmlaneoiis  beating,  the  systole 
of  the  ventricle  following  that  of  the  auricles  ;  but  the  rhythm  of  beat  will 
not  be  the  saine  as  that  of  the  sinus  venosus  left  in  the  body,  but  will  be 
filower,  and  the  beats  will  not  continue  to  go  on  for  eo  lung  a  time  as  will 
those  of  a  heart  Htill  retaining  the  ainus  venosus. 

When  the  incision  is  carried  through  the  auriculo-ventricular  groove,  so 
as  to  leave  the  auricles  and  sinus  vcjiosus  within  the  boily,  ami  to  isolate  the 
ventricle  only,  the  result!?  are  similar  but  more  marked.  The  sinus  and 
auricles  beat  regularly  and  vigorously,  with  their  proper  sequence,  but  the 
ventricle,  after  a  few  rapid  contractions  due  to  the  incision  acting  a.s  a  stimu- 
lus, generally  remains  for  a  long  time  quiescent.  When  stimulated,  how- 
ever, the  ventricle  will  give  one,  two,  or  several  beats,  and  after  a  while,  in 
many  cases  at  least,  will  eventually  set  up  a  spontatieous  pulsation  with  an 
independent  rhythm;  and  this  may  last  i'or  some  considerable  time,  but  the 
beats  are  not  no  regtihir  and  will  not  go  on  for  so  long  a  time  as  wilt  those 
of  a  ventricle  to  which  the  aurtciej^  are  still  attached. 

If  a  transverse  incision  be  carried  through  the  ventricle  at  about  its  upf>er 
third,  leaving  the  base  of  the  ventricle  Htill  auached  ta  the  auricles,  the  j>or- 
tion  of  the  heart  left  in  the  body  will  go  on  puls-ating  regularly,  with  the 
ordinary  sequence  of  sinus,  auricles,  ventricle,  but  the  isolated  lower  two- 
thirds  of  the  ventricle  will  not  beat  spiintaneously  at  all  however  long  it  be 
left.  Aloreover,  iu  response  to  a  single  stimulus  such  as  an  induction  shock 
or  a  gentle  prick  it  gives,  not  as  in  the  case  of  the  entire  ventricle,  when 
stimulated  at  the  base  or  of  the  ventricle  to  which  the  auricles  are  attache<i, 
a  series  of  heats,  but  a  single  beat. 

Lastly,  to  complete  the  story  we  may  add  that  when  the  heart  is  bisected 
longitudinally,  each  half  continues  to  beat  8i>ontaneousiy,  with  an  indepen- 
dent rhythm,  so  that  the  bents  of  the  two  halves  are  not  necessarily  svn- 
chronouii,  and  this  continimnce  of  spontaneous  pulsations  after  longitudinal 
bisection  may  be  seen  in  the  conjoined  auricles  and  ventricle,  or  in  the  iso- 
lated auricles,  or  in  the  isolated  but  entire  ventricle.    Moreover,  the  auricles 
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■wj  be  divided  in  many  ways  and  yet  many  of  the  segments  will  continue 
bBftting;  email  pieces  even  may  be  seen  under  the  microecoj>e  pulsating, 
feebly,  il  i$  tnic,  but  distinctly  and  rhythmically. 

Ib  thej«  experiments,  then,  the  various  part^  of  the  frog's  heart  also  form, 
am  rag^uds  the  power  of  spontaneous  puli<ation,  a  descending  series:  sinus 

K"  wmn.  auricles,  entire  ventricle,  lower  portions  of  ventricle,  the  last  exhibit- 
p  under  ordinary  circumstances  no  spontaneous  pulsations  at  all. 
%  I5d.   Now  we  have  seen  (<;  15*V)  that  these  parts  form  to  a  certain  extent 
ff^il^F  descending  series  as  regards  the  presence  of  ganglia  ;  at  least  so  far 
ua  the  ganglia  are  very  numerous  in  the  sinuu  venosus,  that  they  occur  in 
the  aurkles,  and  that  while  Bidder's  ganglia  are  present  at  the  junction  of 
Ibe  ventricle  with  the  auricles,  ganglia  are  wholly  absent  from  the  rest  of 
tW  vemriele.     Hence,  on  the  assumption  (which  we  have  already,  15  100, 
^jM^^eaooD  to  doubt)  that  the  nerve  cells  of  ganglia  are  similar  iu  general 
^^^H|dos  to  the  nerve  cells  of  the  central  nervous  system,  the  view  very  natu- 
^^B^^kreseots  itself  that  the  rhythmic  spontaneous  V>eat  of  the  heart  of  the 
^Kgg  iadue  to  the  sfx>ntaaeou8  generation  iu  the  ganglionic  nerve  cells  of 
^^Arthmic  motor  impulses  which  passing  down  to  the  muscular  fibres  of  the 
sereraJ   parts  causes  rhythmic  contractions  of  these  fibres,  the  sequence  and 
'      CDordinatioD  of  the  beating  of  the  several  divisiuns  of  the  heart  being  the 
I      nnit  of  a  co«^rdination  between  the  several  ganglia  in  regard  to  the  genera- 
I      taoa  of  impulses.    Under  this  view  the  c-ardiac  muscular  Hhre  simply  responds 
[     la  iIm  motor  impuWs  reaching  it  along  its  motor  nerve  fibre  in  the  same  wav 
m  the  skeletal  muscular  fibre  responds  to  the  motor  impulses  reaching  it 
akngf  its  motor  nerve  fibre;  in  both  awes  the  muscular  fibre  is,  as  it  were, 
a  pMBive  instrument  in  the  hands  of  the  motor  nerve,  or  rather  nf  the  nervous 
eeatje  (ganglion  or  spinal  cord)  from  which  the  motor  nerve  proceeds.    And 
I      tbe  view,  thus  based  on  the  fact  of  the  frog's  heart,  has  been  extended  to  the 
btarta  of  (vertebrate)  animals  generally. 
There  are  reasons,  however,  which  show  that  this  view  is  not  tenable. 
J^rn^  For  iBfttance.  the  lower  two-thJrds,  or  lower  third,  or  even  the  mere  lip  of 
^Bka  frog'9  ventricle — that  is  to  say,  parts  which  are  admitted  not  to  contain 
^Birra  cells — may.  by  special  means,  be  indiiceiJ  to  cnrry  on  for  a  considerable 
^■bw  A  rhythmic  beat,  which  in  its  main  features  is  identical  with  the  sp^in* 
liWinns  beat  of  the  ventricle  of  the  intact  heart.     If  such  a  part  of  the  frog's 
Wftride  be  tied  t>n  to  the  end  of  a  [lerfusion  canula  (  Fig.  91 ),  the  portion 
nf  the  ventricular  cavity  behmging  to  the  part  may  be  adequately  distended 
■od  ai  the  same  time  be  "  fed  ''  with  a  suitable  fluid,  such  as  blood,  made  to 
low  through  the  canula  ;   it  will   then  be  found  that  the  portion  of  ventricle 
m  treated  will,  ailer  a  preliminary  ]>cri(>d  of  r|uic8cence,  commence  to  beat. 
aatparHaUy  spontaneously,  and   will  continue  so  beating  for  a  long  period  of 
Oow.     It  may  be  said  that  in  this  case  the  distention  of  the  cavity  and  the 
apply  of  blood  or  other  tluid  acts  ns  a  stimulus ;  but  if  so  the  stimulus  is  a 
edttti&uous  one,  or  at  least  not  a  rhythmic  one,  and  yet  the  beat  is  most  regu- 
krir  rhythmic, 
Tbeo.  again,  the  reluctance  of  the  ventricle  to  execute  spontaneous  rhythmic 
>  to  a  certain  extent  (>ccutiar  to  the  frog.    The  ventricle  of  the  tortoise* 
§a€  utftance,  the  greater  part  of  the  substance  of  which  is  as  free  from  nerve 
edit  aa  is  that  of  the  frog,  will   beat  spMutaueoualy  when  isolated  from  the 
■urirhw  with  great  ease  and  for  a  long  time.     Further,  a  mere  strip  of  this 
Wiricuhu-  muscle  tissue,  if  kept  gently  extended  and  continually  moistened 
with  blood  or  other  suitable  Huid,  will  continue  to  beat  spontaneously  with 
tefy  great  regularity  for  hours,  or  even  days,  especially  if  the  series  be  started 
bj  the  preliminary  application  of  induction-shocks  rhythmically  re|)oated. 
In  oDonection  with  this  r|Uestion  we  may  call  attention  to  the  fact  that  the 
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cardiac  muscular  Hbre  i^  not  wholly  like  the  skeletal  muscular  fibre  ;  in 
many  resjiecta  the  contraction  or  beat  of  the  fonuer  is  in  its  very  nature  dif- 
ferent from  the  cuntraction  of  the  latter;  the  former  cfinnat  be  considered, 
like  the  latter,  a  mere  instrument  in  the  hands  of  the  motor  uerve  fibre. 
The  features  of  the  be^t  or  contraction  of  cardiac  muscle  may  be  studied  on 
the  isolated  and  »juiescent  ventricle,  or  part  of  the  ventricle  of  the  frog. 
When  such  a  ventricle  is  etimulalcd  by  a  niugle  HtimuluB,  such  as  a  single 
induction-shock  or  a  single  touch  with  a  blunt  needle,  a  beat  may  or  may 
not  result.  If  it  tWIlowg  it  resembles,  in  all  its  ^neral  features  at  lea^tt.  a 
spontaneous  beat.  Between  thp  ap]>licatiou  of  the  etinuihis  and  the  first 
appearance  of  any  cimtraction  is  a  very  long  latent  period,  varying  according 
to  circumstances,  hut  in  a  vigorous  fresh  frog's  ventricle  being  about  O.o 
second.  The  beat  it^f  lasts  a  variable  but  conHiderable  time,  rising  slowly 
to  a  maximum  and  declining  slowly  again.  Of  cotirse,  when  the  beat  is 
recorded  by  means  of  a  light  lever  ])laced  on  the  ventricle,  what  the  tracing 
fihow»  is  really  the  increase  iu  the  front-to-back  diameter  of  the  ventricle 
during  the  beat — that  is  to  say,  one  of  the  results  of  the  contraction  of  the 
cardiac  fibres — and  gives,  in  an  indirect  manner  only,  the  extent  <if  the  con- 
traction of  the  fibres  tbemselvee;  and  the  same  is  the  case  with  the  other 
methods  of  recording  the  movements  of  the  whole  ventricle.  We  may,  bow- 
ever,  study  iu  a  more  direct  way  the  contrat*tion  of  a  few  fibrej;'  by  taking  a 
slip  of  the  ventricle  (and  for  this  purptise  the  tortoise  is  preferable  to  the 
frog)  and  suspending  it  to  a  lever  after  the  fashion  of  a  muscle-nerve  prepa- 
rati<m.  We  then  get  a  curve  of  cmtraction,  characterized  by  a  long  latent 
period,  a  sUvw  long-continued  rise,  and  a  slow  long-continued  fall — a  con- 
traction, iu  fact,  more  like  that  of  a  plain  muscular  fibre  than  of  a  skeletal 
muscular  fibre.  In  the  tortoise  the  contraction  ia  |mrticularly  long,  the  con- 
traction of  even  the  skeletal  muscles  being  long  in  that  animal ;  it  is  less 
long.  !>ui  still  long,  in  the  frog:  shorter  etill,  but  yet  long  as  compared  with 
the  skeletal  muscles,  in  the  mammal. 

The  beat  of  the  ventricle,  then,  is  a  single  but  relatively  alow,  prolonged 
contraction  wave  swei^ping  over  the  peculiar  canliac  muscle-cell,  passing 
through  the  cement  substance  from  cell  to  cell  along  the  fibre,  from  fibre  to 
fibre  alotig  the  bundle,  and  from  bundle  to  bundle  over  the  labyrinth  of  the 
ventricular  walls. 

Like  the  case  of  the  skeletal  muscle,  this  single  contraction  ia  accompanied 
by  an  electric  change,  a  current  of  action.  The  intact  ventricle  at  rest  is,  as 
we  have  already  said  (^  (jG),  isoelectric,  but  each  part  just  as  it  is  about  to 
enter  into  a  state  of  contraction  becomes  negative  toward  the  rest.  Hence, 
when  the  electrodes  of  a  galvanometer  are  placed  on  two  points?,  A.  B,  of  the 
surface  of  the  ventricle,  a  diphasic  variation  of  the  galvanometer  ueedle  is 
seen  just  as  a  beat,  natural  or  excited,  is  about  to  occur.  Supivwing  that  the 
wave  of  contraction  reaches  A  first,  this  will  become  negative  toward  the  rest 
of  the  ventricle,  including  B,  but  when  the  wave  some  time  afterward  reaches 
B,  B  will  become  negative  toward  the  rest  of  the  ventricle,  including  A, 
Compare  *;  07. 

The  beat  of  the  auricles,  that  of  the  sinus  venoaus,  and  that  of  the  bulbus 
arteriosus  are  similar  in  their  main  features  to  that  of  the  ventricle,  so  that 
the  whole  beat  may  be  considered  to  be  a  wave  of  contraction  sweeping 
through  the  heart  from  sinus  to  bulbus;  but  the  arrangement  of  fibres  is 
such  that  this  beat  is  cut  up  into  sections  in  such  a  way  that  the  sinus,  the 
auricles,  the  ventricle,  and  the  bulbus  have  each  a  beat,  so  to  speak,  to  them- 
selves. In  a  normal  state  of  things  these  several  parts  of  the  whole  beat 
follow  each  other  in  the  sequence  we  have  described,  but  under  abnormal 
conditions  the  sequence  may  be  reversed,  or  one  section  may  beat  while  the 
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HHn  are  at  rest,  or  the  several  sections  may  beat  out  of  time  with  each 

[  S<i  far,  the  rieacription  of  the  contraction  which  is  the  foundation  of  the 
bul  differs  fn>m  that  of  a  skeletal  muscle  in  degree  only  ;  but  now  comes  an 
hflprlant  ditference.  When  we  siimulnte  a  skeletal  muscle  with  a  strong 
■■aluH  we  ^et  a  large  contraction ;  when  we  apply  a  weak  stimulua  we  get 
a iomUI  contraction ;  within  certain  limits  (eee^7!f)  the  contraction  is  prt> 
pofftional  to  the  stimulun.  This  is  not  the  cjise  with  the  quie-scent  ventricle 
or  heart.  When  we  apply  a  strong  induction-shock  we  gel  a  beat  of  a  cer- 
tain flCreDgth  :  if  we  now  apply  a  weak  ^hock.  we  get  either  no  beat  at  all  or 
qoite  as  strong  a  beat  as  with  the  Wronger  stimulus.  That  is  to  say,  the 
aacnitude  of  the  beat  depends  on  the  condition  of  the  ventricle  (or  heart), 
aad  Bot  on  the  magnitude  of  the  stimulus.  If  the  stiniuliis  can  stir  the  ven- 
iHele  up  to  beat  al  all,  the  beat  is  the  best  which  the  ventricle  at  the  time 
€ma  acci)mpliHh ;  the  stimulus  either  produces  ite  maximum  effect  or  none  at 
all.  It  vrouM  seem  as  if  the  stimulus  docs  not  produce  a  contraction  in  the 
taoae  way  that  it  does  when  it  is  brought  to  bear  on  a  skeletal  muscle,  but 
rather  stin^  up  the  heart  in  such  a  way  as  to  enable  it  to  execute  a  spon- 
taoeoud  beat,  which,  without  the  extra  stimulus,  it  could  not  bring  about. 
And  this  it*  further  illustrated  by  the  fact  that  when  a  ventricle  is  beating 
rfarthmically,  either  sfKmtaneously  or  jls  thf  result  of  rhythmic  stimulation, 
the  kiix)  of  effect  produced  by  a  new  stimulus  thrown  in  will  depend  u[H>n 
thr  exact  phase  of  the  cycle  of  the  beat  at  which  it  is  thrown  in.  If  it  is 
•  r  ivn  in  just  as  a  relaxation  is  taking  place,  a  beat  follows  prematurely, 
-•ciure  the  next  beat  would  naturally  follow,  this  premature  beat  being  obvi- 
ooalj' produced  by  the  slinurlus.  But  if  it  be  thrown  in  just  as  a  contraction 
iv  h^ioning,  no  premature  beat  follows  ;  the  ventricle  does  not  seem  to  feel 
the  atimulus  at  all.  There  is  a  [>eriod  during  which  the  ventricle  is  insen- 
ttbia  lo  •tirauti,  and  that  however  strong;  this  [>eriod  is  called  the"refrnc- 
tory"  period.  (There  is.  it  may  be  mentioned,  a  similar  refractory  period 
IB  akeletaJ  muscle,  but  it  is  of  exceediugly  short  duration.)  From  this  it 
nwlla  that,  when  a  succession  of  stimuli  repeated  at  a  certain  rate  are  sent 
iBiO  the  ventricle,  the  number  of  beats  does  not  correspond  to  the  number  of 
irimuli ;  aome  of  the  siimuli  falling  in  refractory  periods  are  ineffective  and 
prudaoe  no  beat.  Hence,  also,  it  is  difficult  if  not  irapo^iblc  to  produce  a 
real  tenatas  of  the  ventricle,  to  fuse  a  number  of  beats  into  one.  And  there 
an  othc'r  factj^  teiuling  to  show  that  the  contraction  of  a  cardiac  muscular 
^^ibre,  even  when  induced  by  artificial  stimulation,  is  of  a  [>eculinr  nature, 
^Hpod  that  the  analogy  with  the  contraction  of  a  skeletal  muscular  fibre, 
^Hbduccil  by  motor  impulses!  reaching  it  along  its  nerve,  does  not  hidd  good. 
^B  Theae  and  other  considerations,  taken  together  with  the  facts  already  men- 
^Hkoeii,  that  portions  of  cardiac  muscular  tissue  in  which  ganglionic  cells  are 
^HlMtBiDlr  not  present,  can  in  various  animals  be  induced,  either  easily  or 
^^irith  difficulty,  t*^  execute  rhythmic  beats  which  have  all  the  appearance  of 
spontaneous  in  nature,  lead  ua  to  conclude  that  the  beat  of  the  heart 
the  result  of  rhythmic  impulses  pnw>eeding  from  the  cells  of  the  ganglia 
topaaive  muscular  fibres,  but  is  mainly  the  result  of  changes  taking  place 
in  ih«t  muscular  tissue  itself.  And  here  we  may  call  at-tention  to  the  peculiar 
InMnlogical  features  of  cardiac  muscular  tissue;  though  so  far  differentiated 
M  to  be  striated,  its  cellular  constitution  and  it^t  "  protoplasmic"  features, 
inclading  theobscurityof  the  striation,  show  that  the  differentiation  is  incom- 
Now.  one  attribute  of  undiSerentiated  primordial  protoplasm  is  the 
of  spontaneous  movement. 
196.  We  have,  moreover,  evidence  that  it  U  the  muscular  tissue,  and  not 
ment  of  ganglia  and   nerves,  which   is  primarily  concerned   in 
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maintaiuing  the  remtit'knble  8e(|Ucno€  oi'sinuB  heat,  auricle  beat,  and  ventricle 
beat.  This  is  perha|)s  better  seen  in  the  heart  nf  ihe  tortoise  than  in  that  of 
the  frog. 

In  this  animal  the  nerves  passing  from  the  sinue  to  the  ventricle  may  be 
divided,  or  the  several  ganglia  may  be  respectively  removed,  and  yet  the 
normal  acituenoc  is  mnintaiufMl.  On  the  other  hand,  we  find  that  interferuuee 
with  the  muscular  substance  of  the  auricle,  when  carried  to  a  certain  extent, 
prevent*  the  btui  of  the  auricle  jniHsing  over  ii>  thy  ventricle,  eo  that  the 
setjuence  m  broken  after  the  auricle  beat.  If,  for  instance,  the  auricle  be  cut 
through  until  only  a  narrow  bridge  of  muycle  be  let\  connecting  the  part  of 
the  aiiHcle  ndj<tining  the  sinus  with  (he  part  adjoining  the  auriculo-ventric- 
uiar  ring,  or  if  this  part  be  com[)ressed  with  a  clamp,  a  state  of  things  may 
be  brought  about  in  which  every  second  beat  only,  or  every  third  beat  only, 
of  the  sinus  and  auricle  ia  followed  by  a  beat  of  the  ventricle  ;  and  then,  if  the 
bridge  be  still  further  narrowed  or  the  clam[»  screwed  tighter,  the  ventricle 
does  not  at  all  follow  in  its  beat  the  seipioiife  of  sinus  and  auricle,  though 
it  may  ailer  a  while  set  up  an  independent  rhylbni  of  its  own.  This  experi- 
ment suggebla,  and  other  faclft  support^  the  view  that  the  normal  setpience  is 
maintained  as  follows:  The  beat  begins  in  the  sinus  (including  the  ends  of 
the  veins) ;  the  contraction  wave,  Iwginning  at  the  endH  of  the  veins,  travels 
over  the  muscular  tissue  of  the  sinus,  and  reaching  the  auricle  starts  a  con- 
traction in  that  segment  of  the  heart  ;  similarly  the  cmitraction  wave  of  the 
auricular  beat  reaching  the  vuntricle  starts  a  ventricular  beat,  which  in  turn 
in  like  fashion  starts  the  beat  of  the  hulbus.  And  in  hearts  in  a  certain  con- 
dition it  is  possible  by  stimulation  to  reverse  this  ae(|uence,  or  to  produce, 
by  alternate  Blimnhition.  an  alternation  of  a  normal  and  a  reversed  sequence; 
thus  in  the  heart  of  the  skate,  in  a  certain  conditiou.  mechanical  stimulation 
of  the  hiilbua  by  indit^ating  a  l>pai  of  the  hulbus  will  start  a  sequence  of  the 
bulbus,  ventricle,  auricle,  and  sinus,  and  similar  stimulation  of  the  sinus  will 
produce  a  normal  sequence  of  sinus,  auricle,  veutricle,  and  bulbus. 

It  would,  f>erhap8,  be  premature  to  insist  that  the  nervous  elements  do  not 
intervene  in  any  way  in  the  maintenance  of  this  sequence  ;  but  the  evidence 
shows  that  they  are  not  the  main  factoi-s^  and  we  have  at  present  no  satisfac- 
tory indications  of  the  way  in  whirh  they  do  or  may  intervene. 

Two  questions  mUurally  suggest  themselves  here.  The  first  is,  Why  does 
the  cardiac  cycle  begin  with  the  ^inus  beat;*  We  have  previously,  §  154, 
given  the  evidence  that  the  sinus  hag  a  greater  potentiality  of  heating  than 
the  other  parts;  in  and  by  itself  it  beats  more  readily  and  with  a  ipiicker 
rhythm  than  the  other  parts.  When  we  ask  the  further  question,  Why  has  it 
this  greater  potentiality  ?  the  only  answer  we  can  at  present  give  is  that  it  is 
inborn  in  the  substance  of  the  sinus,  The  problem  is  somewhat  of  the  same 
kiud  as*  why  the  heart  of  one  animal  beats  so  much  (piicker  than  that  of 
another  All  we  can  say  at  present  is  that  the  rale  is  the  outcome  of  the 
molecular  constitution  of  tissue,  without  being  able  to  define  that  molecular 
coDstitutiou. 

The  second  question  is,  Why  does  not  the  contraction  wave  starling  at  the 
sinus  spread  as  a  continuous  wave  over  the  whole  heart?  why  is  it  broken 
up  into  sinus  heat,  auricle  heat,  ventricle  beat?  We  may  here  call  to  mind 
the  fact  mentioned  in  {^  15;J  of  the  existence,  more  or  less  marked  in  all 
hearts  and  well  seen  in  the  heart  of  the  tortoise,  of  a  muscular  ring  or  collar 
between  the  sinus  and  the  auricle,  and  of  a  similar  ring  between  the  auricle 
and  ventricle.  The  muscular  tissue  in  these  rings  seems  to  be  of  a  somewhat 
different  nature  from  the  muscular  ti:«ue  forming  the  body  nf  the  sinus,  or 
of  the  auricle,  or  of  the  ventricle.  If  we  suppose  that  this  tissue  has  a  low 
conducting  power,  it  may  oHer  sutlicieDt  resistance  to  the  progress  of  the 
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to  permit  the  sinua  tor  exnmple  to  carry  out  or  to  be  far  on  iu 
derelopmeot  of  iu  beat,  before  the  an  ricle  begins  its  beat  (and  thus  bisect, 
la  10M«flLk,  the  Iteat  which  otherwise  would  t>e  common  to  the  two),  and  yet 
ftoCofter  so  much  resistance  ae  to  prevent  the  ci'Qlraction  wave  passing  ulti* 
fflAtely  tiu  from  the  ^inus  to  the  auricle.  We  may  in  the  tortoise  by  careful 
ciampiog  or  Aection  of  the  auricle  in  ita  middle,  by  which  an  obstacle  to  the 
OBBtrictiaD  wjive  in  introduced,  bisect  the  single  auricular  beat  into  two  beats, 
«••  of  the  part  between  the  sinus  and  the  obstacle,  and  nnolher  between  the 
4»b«tacle  and  the  ventricular.  We  may  thus  consider  the  breaking  up  the 
primitive  unbroken  peristaltic  wave  of  contraction  troni  sinus  to  bulbus  to  be 
doe  to  the  introduction  of  tissue  of  lower  conducting  power  at  the  junctions 
tbe  several  parts. 

We  do  not  nay  that  this  is  the  complete  solution  of  the  problem,  but  it  at 
ofiere  an  approximate  solution  ;  and  here  as  elsewhere  we  have  no 
ry  evidence  of  nervous  element  being  main  factors  in  the  matter. 
In  the  above  we  have  dealt  chiefly  with  the  heart  of  the  cold-blooded 
uunal.  but  as  far  m  we  know  the  t^ame  Cimclusiou^  hold  good  fur  the 
■■fiiimlinn  heart  also. 

The  questioD  now  arises,  If  the  ganglia  are  not  the  prime  cAUse  of  the 
heart's  rhythmic  beat,  or  of  the  maintenance  of  the  normal  sequence,  what 
|iarpoM0  do  they  serve?  But  before  we  even  attempt  to  answer  this  question 
wc  auMt  deal  with  the  nervous  mechanisms  by  wliich  the  beat  of  the  heart, 
tbitt  artsiDg  spontaneously  within  the  tissues  of  the  heart  itself,  is  modided 
ud  regulated  to  meet  the  requirements  of  the  rest  of  the  body. 


TKe  Oovernmenl  of  ike  Iltart-heat  by  the  Ntrw>U6  Sjfttem. 


^^kijifi?.  It  will  be  convenient  to  begiu  with  the  heart  of  the  frog,  which  as 
^^■nsv^  s^^Q  ^  connected  with  the  central  nervous  .system  through  and 
^^MKfore  governed  by  the  two  vagi  nerves,  each  of  which  though  apparently 
ftHigle  nerve  contains,  as  we  nhall  see,  libres  of  dlHereut  origin  and  nature. 
If  white  the  beats  of  the  heart  of  a  frog  are  l>eiug  carefully  registered  an 
iatArrapted  current  <A'  UKxierate  strength  be  sent  through  one  of  the  va^, 
tW  hemit  is  seen  to  stop  beating.  It  remains  for  a  time  in  diuatole,  |}erfectly 
MOlioDleai  and  flaccid;  all  the  muscular  fibres  of  the  several  chambers  are 
far  tbe  time  being  in  a  state  of  relaxation.  The  heart  has  been  inhibited 
W  tine  impulses  descending  down  the  vagus  from   the  part  of  the   nerve 

U  the  duration  of  the  stimulation  be  short  and  the  strength  of  the  current 
pMip  the  standstill  may  continue  afler  the  current  has  been  shut  otf ;  the 
■Mil  when  they  reappear  are  generally  at  tirsl  feeble  and  infrequent,  but 
«Mk  reach  or  even  go  beyond  their  previous  vigor  and  frequency.  If  the 
4iiAttioo  of  the  current  be  very  long,  the  heart  may  recommence  beating 
«llQetl»e  stimulation  Is  still  troing  on.  but  the  l>eats  are  feeble  and  infrequent 
Ihitl^b  gradually  increasing:  in  strength  and  frequency.  The  eflect  of  the 
itiatilation  ia  at  ita  maximum  at  or  soon  ailer  the  commencement  of  the 
iratjnn  of  the  stimulus,  gradually  declining  afterward  ;  but  even  at  the 
mdo(m  very  prolonged  stimulation  the  beats  may  still  be  less  in  force  or  iu 
b^^mtncy*  or  in  botli,  than  they  were  before  the  nerve  was  stimulated,  and 
Mtbe  removal  of  the  current  may  show  signs  of  recovery  by  an  increase  in 
ime  uid  fret|uency-  The  elTect  is  not  pnHiucetl  instantaneously;  if  on  the 
QUrethe  point  be  exactly  marked  when  the  current  is  thrown  in,  as  at  on, 
Fjg»  93,  it  will  frequently  l>e  found  that  one  beat  at  least  occurs  after  the 
Hi  hu  passed  into  the  nerve  ;  the  development  of  that  beat  has  taken 
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place  before  the  impulses  descending  the  vagus  have  had  time  to  afiect  the 
heart. 

The  »timi]ln»  need  not  necessarily  be  the  interrupted  current ;  nieohanical, 
cheniicul,  or  thermal  stimulatiuu  of  the  vagii8  will  nUo  prodiiee  inhibilitm; 
hut  in  order  to  get  a  marked  efleet  it  is  desirable  to  make  n.^e  of  not  a  single 
nervons  inipuli*e  but  a  series  of  nervous  impulses;  thus  it  h  Jitficult  to  obtain 
any  recopnixable  result  by  employint^  a  single  iuductionehock  of  moderate 
intensity  only.  As  we  shall  see  later  on  **  natural"  nervoua  impulses 
descending  the  vagus  from  the  central  nervous  system,  and  started  there, 
by  aflerent  impulses  or  otherwise,  as  parts  of  a  reflex  act,  may  produce 
inhibition. 

Fio.  M. 


iNUIBmON   Ol    Fk<K.'j«   UkAUT   by   STIKftATIOS  OF   VaOI*  NkBVI. 

on  marki  the  Unic  III  whlc-h  the  intcrniptcfl  (Current  wm*  tbmwn  into  ibe  vacaB.  of  wtien  Icwu 
ihut  off.  The  tlmtMimrker  bulow  nmrk^  oemncli.  The  hva\»  vvrv  registered  by  BiinpeiiOluK  tbe 
Tentricte  IVom  a  chirnpHttachod  to  the  aorta  and  attaching  a  light  lever  to  the  tip  of  the  vcutrlcle. 

The  alimulua  may  be  applied  to  any  part  of  the  course  of  the  vagus  from 
high  up  in  the  neck  right  down  t4»  the  sinus;  indeed,  very  marked  results  are 
obtained  by  applying  ihe  elertmdes  directly  to  the  i*inus  where  as  we  have 
seen  the  two  nerves  |>liinge  into  the  subsUnee  of  ttie  heart.  The  stimulus 
may  also  be  applied  to  either  vagus,  thnugh  in  the  frog,  and  some  other  ani- 
mals, one  vngus  is  sometimes  more  powerful  (ban  the  other.  Thus,  it  not 
unfrei|ueutly  liappens  that  even  strong  stiniuhUion  of  the  vagus  on  one  side 
produces  no  change  of  the  rhythm,  while  even  moderate  stimulation  of  the 
nerve  on  the  other  side  of  the  neck  brings  the  heart  to  a  standstill  at  once.'* 

If  during  the  inhibition  the  ventricle  or  other  part  of  tbe  heart  be  stimu- 
lated directly,  for  instance  mechanically  by  the  prick  of  a  needle,  a  l>eat 
may  follow  ;  that  is  to  say,  the  impulses  descending  the  vagus,  while  inhibit- 
ing the  spontaneous  beats,  have  not  wholly  abolished  the  actual  irritability 
of  the  cardiac  tissues. 

With  a  current  nf  even  moderate  intensity,  such  a  current  for  instance  as 
would  produce  a  marked  tetanus  of  a  muscle-nerve  preparation,  the  stand- 
still is  complete^  that  is  to  say,  a  certain  number  of  beat*  are  entirely 
dropped  ;  but  with  ii  weak  current  the  inhibition  is  partial  oidy,  the  heart 
does  not  stand  absolutely  stilt  but  the  beats  are  stowed,  the  intervals  between 
them  being  prolonged,  or  weakened  only  without  much  slowing,  or  both 
slowed  and  weakened.  ^Sometimes  the  slowing  and  sometimes  the  weakening 
is  the  more  conspicuous  result. 

It  sometimes  happens  that,  when  in  the  frog  the  vagus  is  stimulated  in  the 
neck,  the  effect  is  very  different  from  that  just  described  ;  for  the  beats  are 
increased  in  frequency,  though  they  may  be  at  first  diminished  in  force. 
And,  occasionally,  the  beats  are  increased  both  in  force  and  in  frequenc}'; 
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the  remit  is  augmentation,  not  inhibition.  But  this  is  due  to  the  fact  that 
to  tbe  frog  the  vagus  aloug  the  greater  part  of  its  course  is  a  mixed  nerve 
■od  contains  fibres  other  than  thow;  of  the  vagus  proper. 

$  XSS.  If  we  examine  the  vagua  nerve  closely,  tracing  it  up  to  the  brain, 
v«  find  that  Just  as  the  nerve  has  pierced  the  cranium,  juttb  where  it  jnisses 
through   the  gnnglion  (O.V,  Fig.  94),  certain  fibres  pasa  into  it  from  the 


FlO.  M, 


thfcg»l1HIAnc  RErunENTATlO^  or  tbe  COCBSI  or  CAIIXAC  AVOKKNTOIt    FtBRB  IH  THE  Puoo. 

T^,  foo4«  of  tmg\M  (ftod  txtb)  aem.  O.  V.  ganglion  of  laiue.  Or.  line  of  cxhuIaI  wall,  Vff.  vagus 
toSBk.  tz  ninth.  cUwuv  pbiiryngml  ncnrc  S.  V.a  superior  vuna  rAva.  Stf.  nympatheUc  tt^rve  in 
«Mk,  Ox-  junction  of  ijrmpatlivtlc  gnugliun  with  TNOa  gmilgllon  Kiidlng  i.e.  tntnrcninUI  tlbn.'B 
jftm0^  tu  0»nerlu>  ganglloD.  The  T«flt  of  the  fibres  paM  along  tbe  vugus  trunk.  €P  »pliitK'bt)lo 
0Mglkti  OMinectod  with  the  flnt  ftploitl  ncnrc.  O^'  splanchnic  ganglion  of  the  wonod  spinal  ucrvc. 
^m,T.  MMtttliw  of  Vleuaens.  A.tb.  subclavian  oriery-  0"*^  splanchnic  ganglion  of  the  third  tiplnul 
•vv«     ///.  third  ttpUial  nerve,    r.r.  raracui  cnmnmnlcaTui. 

Tbe  tamrtt  of  ibo  atigmentor  fibres  la  vhown  by  the  thick  black  line.    They  may  be  traced  ftoui 
nvaylvalcoRl  bj-  cbeantorlorroot  of  the  third  spl'inl  nerve,  throtigh  iho  rmmos  commanlcani  10 the 
mdtiig»iUaiH'hiitcgRUgUon  Oinnnd  thenro  bj-  the  Kt'ond  gauKllou  (?■>  the  snaolusof  Vleu*- 
Mi  tbeflntcangllonfr  totbcccrvlcalEympatbeUc^andsobj  thevaguitranktolhemperior 


ritfaetic  nerve  of  the  neck,  Sy,  of  the  Airther  ooanectiuns  of  which  we 
s|>eak  presejitlj. 
Tfai*  being  the  case,  we  may  expect  that  we  should  get  difierent  resulta 
accofdiag  as  we  stimulated  (1)  the  vagus  in  the  cranium  nefore  it  was  joine<l 
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by  the  eyrupathetic,  (2)  the  sympathetic  fibres  before  they  join  the  vagus, 
and  (3)  the  vagus  trimk  coiiUiiiiin^;  the  real  vagus  ami  the  sympathetic  fibres 
added.  What  we  have  previously  described  are  the  ordinary  results  of 
stimulatiag  the  mixed  trunk,  and  these,  &?  we  have  said,  are  not  wholly 
constant,  though  uBually  and  in  the  main  most  distinct  inhibitory  results 
follow. 

If  we  stiraulale  the  BympMlhefu!  in  the  ueck,  as  at  .S'y,  Fig.  *Ji5,  cutting  the 
nerve  below,  so  as  to  block  all  impulses  from  passing  downward,  and  only 
allow  impulses  to  pass  up  to  the  vagus  aud  thence  down  the  mixed  vagus 
trunk  t(»  the  heart,  we  get  very  remarkable  results.  The  beat  of  the  heart, 
instead  of  being  inhibited,  is  augmented  ;  the  beats  are  increased  either  in 
frequency  or  in  force,  or  moat  generally  both  in  frequency  and  in  fierce. 
The  eH'ect  is,  perhaps,  best  seen  when  the  heart  before  stimulatiin  is  beating 
slowly  aud  feebly;  upon  stimulation  of  the  cervical  syrujiathetic  the  beats 
at  once  improve  in  vigor  ami  frec|uency  ;  indeed,  a  heart  which,  for  one 
reason  or  another,  has  almost  ceased  to  beat  may,  by  proper  stimulation  of 
the  8ym[)athetic,  be  called  back  iul^i  vigorous  activity. 

It',  on  the  other  hand,  we  stimulate  the  vagus  before  it  has  been  joined  by 
the  sympathetic  fibres  (and  to  insure  the  result  not  being  marred  by  any 
i«cape  of  the  stimulating  current  on  to  the  sympathetic  Hbres  it  is  necessary 
to  stimulate  the  vagus  within  the  cranium ),  we  get  pure  and  constant  inhibi- 
tory resulUs,  the  beats  are  Ibr  a  time  whidly  abolished,  or  are  slowed,  or  are 
weakened,  or  are  both  slowed  and  weakened. 

Obviously,  then,  the  heart  of  the  frog  is  supplied  through  the  vagus  by 
two  sets  of  fibres  coming  from  the  central  nervous  system,  the  one  ny  the 
vagus  proper  and  the  olner  by  the  cervical  sympathetic  nerve,  and  these  two 
sets  have  oj)postte  and  autagouistic  eH'ects  upon  the  heart.  We  find  upon 
examination  that  we  can  make  the  following  statements  concerning  them  : 

The  one  set,  those  belonging  to  the  vagus  proper,  are  inhibitory  ;  they 
weaken  the  systole  and  prolong  the  diastole,  the  effect  with  a  strong  stimula- 
tion being  complete,  bo  that  the  heart  is  for  a  time  brought  to  a  standstill. 
Sometimes  the  slowing,  sometimes  the  weakening,  is  the  more  prominent. 
When  the  nerve  and  the  heart  are  in  good  condition  it  needs  only  a  slight 
stimuliiB,  a  weak  current,  to  produce  a  marked  etiecl ;  and  it  may  lje  men- 
tioned that  the  more  vigorous  the  hejirt,  the  more  rapidly  it  is  beating,  the 
easier  it  is  to  bring  about  inhibition.  Although,  as  we  have  said,  the  effect 
is  at  its  maximum  soon  after  the  beginning  of  stimulation,  a  very  prolonged 
inhibition  may  be  produced  by  prolonged  stimulation;  indeed,  by  rhythmi- 
cal Htimulation  of  the  vagus  the  heart  may  be  kept  perfectly  quiescent  for  a 
very  long  time  ami  yet  beat  vigorously  npim  the  cessation  of  the  stimulus.  In 
other  words,  the  mechanism  of  inliibilion — that  is,  the  fibres  of  the  vagus 
and  the  part  or  substance  of  the  heart  upon  which  these  act  to  produce  inhibi- 
tion, whatever  that  part  or  sul^slance  may  be — are  not  readily  exhausted. 
Further,  the  inhibition  when  it  ceases  is,  frequently  at  all  events,  followed 
by  a  [>eriod  of  reaction,  during  which  the  heart  for  a  while  bents  more  vig- 
orously and  rapidly  than  before,  indeed,  the  total  elfect  of  stimulating  the 
vagus  fibres  is  not  to  exhau.st  the  heart,  but  rather  to  strengthen  it ;  and  by 
repeated  inhibirious  carefully  administered,  a  feebly  beating  heart  may  oe 
nursed  into  vigorous  activity. 

The  other  set,  those  joining  the  vagus  from  the  sympathetic,  are  *'  aug- 
meutor"  or  "  accelerating"  fibres  ;  the  latter  natne  ifs  the  more  common,  but 
the  former  is  more  accurate,  since  the  effect  of  stimulating  these  fibres  is  to 
increase  not  only  the  rapidity  but  the  force  of  the  beat;  not  only  is  the 
diast4)le  shortened,  but  the  systole  U  strengthened,  sometimes  the  one  result 
aud  sometimes  the  other  being  the  more  prominent.     In  contrast  with  the 
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mm  of  the  vagus  fibres,  a  anmewhat  strong  stimulation  is  requirerl  to  produce 
CD  cflect ;  the  time  requiroii  tor  the  maximum  e If ect  to  be  produced  is  also 
namr^ably  long.  Moreover,  at  all  events,  iu  the  case  of  a  heurt  in  which 
the  eircalation  is  not  maintaineil,  and  which  is  therefore  cut  off  from  its 
Bomi&l  nutritive  supply,  the  augmentor  Hbres  are  far  less  easily  exhausted 
l^un  are  the  inhibitory  fibres.  Hcnoe,  when  in  such  a  heart  hoth  set^  of 
fbrts  are  stimulated  together,  as  when  the  va^us  trunk  ia  the  neck  is  stimu- 
lated, the  firet  effects  produced  are  those  of  inhibition;  but  these  on  con- 
tiaoed  siifoulation  may  become  mixeil  with  those  of  augmentation,  and 
faally  the  latter  alone  remain.  Lastly,  the  contract  is  completed  by  the 
het  that  the  augmentation  resulting  from  the  stimulation  of  the  sympathetic 
iilollowed  by  a  period  of  reaction  in  which  the  beats  are  feebler;  in  other 
vorda,  augmentation  ia  followeil  by  exhaustion;  and,  iudeeil,  by  repeated 
rtifflulation  of  these  sympathetic  fihre^  a  fairly  vigorous  bloodless  heart  may 
be  reduced  to  a  very  feeble  condition. 

By  watching  the  effects  of  stimulating  the  sympathetic  nerve  at  various 
potata  of  its  course  we  may  trace  these  augmentor  fibres  from  their  junction 
with  the  vagus  down  the  short  sympathetic  of  the  neck  through  the  Hrst 
splanchnic  or  sympathetic  ganglion  connected  with  the  first  spinal  ners'e,  6" 
<Ftg.  94  t,  through  one  or  both  the  loop  of  the  annulus  of  Vieussens,  An,V, 
through  the  second  ganglion  ctmoected  with  the  second  spinal  nerve,  G*\ 
to  the  third  ganglion  connected  with  the  third  spinal  nerve,  G^^\  and  thence 
throagb  the  ramus  comuiunicaus  or  visceral  branch  of  that  ^atiglion,  r.c, 
to  the  third  spinal  nerve,  ///,  by  the  anterior  root  of  which  tney  reach  the 
.1  cord. 
{  IfiO.  Both  sets  of  fibres  may  then  he  traced  to  the  central  nervous  system  ; 
mid  we  find  accordingly  that  the  heart  may  be  inhibited  or  augmented  by 
aervoua  impulses,  which  are  started  in  the  nervous  system  either  by  afferent 
tises  as  part  of  a  reflex  act  or  otherwise,  and  which  pass  to  the  heart  by 
libitory  or  by  the  augmenting  tract. 
"hu*,  if  the  medulla  oblongata,  or  a  particular  part  of  the  medulla  oblon- 
K'bich  is  specially  connected  with  the  vagus  nerve,  be  stimulated,  the 
ia  inhibited;  if,  for  instance,  a  needle  he  thrust  into  thi;(  part,  the  heart 
still.  This  region  in  question  may  be  stirred  into  action  in  a  "  reflex  " 
lacr  by  afferent  impulses  reaching  it  from  various  parts  of  the  body.  Thus, 
leatxiumen  of  a  frog  be  laid  bare,  and  the  intestine  be  struck  sharply  with 
handle  of  a  scal[>el,  the  heart  will  stand  still  iu  diastole  with  all  the  phe* 
of  vagus  inhibition.  If  the  nervl  ineiienterici,  or  the  connections  of 
thcMf  nerves  with  the  spinal  cord,  be  stimulated  with  the  interrupted  current, 
oudiac  inhibition  is  similarly  produced.  If  in  these  two  experimenta  both 
va^  are  divided,  or  the  medulla  oblongata  is  destroyed,  innibiiion  is  not 
pnidaoed,  however  much  either  the  intestine  or  the  mesenteric  nerves  be 
•ttmulatetl.  This  shows  that  the  phenomena  are  caused  by  impulses  ascend- 
im^  along  the  mesenteric  nerves  to  the  medulla,  and  so  affecting  a  portion  of 
that  organ  as  to  give  rise  by  reflex  action  to  impulses  which  descend  the 
M  inhibitory  impulses.  The  portion  of  the  medulla  thus  mediating 
Ml  the  afferent  and  efferent  impulses  may  be  spoken  of  as  the  cardio- 
■aJtftitory  reutre. 

Bc6ex  inhibition  through  one  vagus  may  be  brought  about  by  stimulation 
the  cenlnil  end  of  the  other,  in  general  the  alimentary  tract  seems  in 
eonoection  with  the  cardio-inhibiiory  centre  than  other  parts  of  the 
and  if  the  peritoneal  surface  of  the  intestine  be  inflamed,  very  gentle 
ihitioa  of  the  inflamed  surface  will  priHlucc  marked  iuhibiticm.  But 
apparently  stimuli,  if  Buificieutly  powerful,  will  through  reflex  action  pro- 
dties  inhibition,  whatever  be  the  part  of  the  body  to  which  they  are  applied. 

17 
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ThtiH,  cniahing  a  frog's  foot  will  stop  ihe  heart,  and  adequate  stimulation  of 
most  afferent  nerves  wilt  produce  some  amount  of  inhibition. 

The  details  of  the  rcHcx  chain  and  the  [M^rtion  of  the  centre  concerned  in 
the  development  of  augraenling  impulses  have  not  been  worked  out  so  fully 
as  in  the  case  of  inhibitory  impulses,  hut  there  can  be  little  doubt  that  the 
former,  like  the  latter,  are  governed  by  the  central  nervous  system, 

§160.  So  far  we  have  been  dealing  with  the  heart  of  the  frog,  but  the 
main  iacta  which  we  have  staled  regarding  inhibition  and  augmentation  of 
the  heart  beat  apply  also  to  other  vertebrate  animnls^  including  mammals; 
and,  indeed,  we  meet  ^imilur  phenomenu  In  the  hearta  of  invertebrate 
an  i  main. 

If  in  a  mammal  the  heart  be  exposed  to  view  by  opening  the  thorax,  and 
the  vagus  nerve  be  stimulated  in  the  neck,  the  heart  may  Ih;  seen  to  stand 
atlll  in  diastole,  with  all  the  parts  Haccid  and  at  rest.  If  the  current  em- 
ployed be  tixi  weak,  the  result  ae  in  the  frog  is  not  an  actual  arrest,  but  a 
slowing  or  weakening  of  the  beata.  If  a  light  lever  be  placed  on  the  heart 
a  graphic  record  of  the  standstill  or  of  the  slowing  of  the  complete  or  incom- 
plete inhibition  may  be  obtained.  The  result  of  stimulating  the  vagus  is 
also  well  shown  on  the  bhiod-presaure  curve,  the  eHect  of  complete  cardiac 
iuhibitioD  on  bluod-pre!*eure  being  most  striking.  If,  while  a  tracing  of 
arterial  pressure  is  being  taken,  the  beat  of  the  heart  be  suddenly  arrested, 
some  such  curve  as  that  represented  in  Fig.  95  will  be  obtained.     It  will  he 

KlO.  9&. 


TtUkava  SnowiNo  the  Ii*n,UENCE  or  Cxudiac  TNammoN  on  BixMD-riLmrRX.    From  a  JUhbit. 

;c,  the  marks  on  the  Bigosl  lino  when  tbc  ourront  Is  thrown  Into,  and  y,  Khot  ofl'  tnim  the  vagtis 
Tbc  tlme-tnnrker  below  nuLrks  Beoonds.  the  heart,  as  if  frequently  the  caae  In  the  mbbit.  beaUng 
Tery  rapidly. 

observed  that  two  beats  follow  the  application  of  the  current  marked  by  the 
point  a,  which  coriesponds  to  the  signal  r  on  the  line  below.  Then  for  a 
space  of  lime  no  beats  at  all  are  seen,  the  next  beat  b  taking  place  almost 
immediately  after  the  shutting  off"  the  current  at  y.  Immediately  after  the 
last  beat  following  a  there  is  a  sudden  fall  of  the  blood-pressure.  At  the 
pulse  due  to  the  last  systole  the  arterial  eyptem  is  at  its  maxinvum  of  disten- 
tion ;  forthwith  the  elastic  reaction  of  the  arterial  walls  propels  the  blood  for- 
ward into  the  veins,  and,  there  being  no  fresh  fluid  injected  from  the  heart, 
the  fiill  of  the  mercury  is  unbroken,  being  rapid  at  first,  but  slower  afterward, 
as  the  elastic  force  of  the  arterial  walls  is  more  and  more  used  up.  With  the 
returning  beats  the  pressure  correspimdingly  rises  in  successive  leaps  until 
the  normal  mean  pressure  i.s  regained.  The  size  of  these  returning  leaps  of 
the  mercury  may  seem  di.sproportionately  large,  but  it  must  be  remembered 
that  by  far  the  greater  part  of  the  force  of  the  first  few  strokes  of  the  heart 
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ii  expended  in  dietending  the  arterial  system,  a  small  portion  only  of  the 
blood  which  is  ejected  into  the  arteries  passing  on  into  the  veins.  As  the 
Arterial  pressure  rises,  more  and  more  blood  passes  at  each  beat  through  the 
capillaries,  and  the  rise  of  the  pressure  at  each  beat  becomes  less  and  less, 
until  at  last  the  whole  contents  of  the  ventricle  pass  at  each  stroke  into  the 
reios,  and  the  mean  arterial  pressure  is  eatabliehed.  To  thie  it  may  be 
ftddcd  that,  as  we  have  HtH'n,  the  force  of  the  individual  bents  may  be  some- 
what  greater  aAer  than  before  iulubition.  Besides,  when  the  mercury  mano- 
neCer  is  used,  the  inertia  of  the  mercury  tends  to  magnify  the  effects  of  the 
initial  beats. 

In  the  mammal  inhibition  may  be  brought  about  by  impulaeH  passing 
along  fibres  which,  starting  in  the  medulla  oblongata,  run  down  over  the 
vagus  nerve  and  reach  the  heart  by  the  cardiac  nerves.  It  would  appear, 
bowerer,  that  the  inhibit<iry  fibres  do  not  belong  to  the  vagus  proper,  but 
leAve  the  central  nervous  system  by  the  spinal  accessory  nerve.  Thus  if  the 
root*  of  the  spinal  accessory  be  divided,  those  of  the  vagus  proper  being  left 
iniaei,  llie  spinal  accessory  fibres  in  the  vagus  truuk  degenerate,  and  when 
this  takes  place  stimulation  of  the  vagUB  trunk  fails  to  produce  the  ordinary 
tahibitory  eflects.  In  the  mammal,  as  in  the  frog,  inhibition  may  be  brought 
about  out  only  by  artificial  stimulation  of  the  vagus  trunk,  but  by  .^^timula- 
tioo  in  a  redex  manner  or  otherwise  of  the  cardio-inhibitory  centre.  Thus 
Uie  fiunting  which  oAcn  follows  upon  a  blow  on  the  stomach  is  a  repetition 
of  the  result  just  mentioned  as  obtained  on  the  frog  by  striking  the  stomach 
or  Mimulating  the  nervi  mesenterici.  So  also  the  fainting,  complete  or 
partial,  which  accompanies  severe  pain  or  mental  emotion,  is  an  illustration 
nf  cardiac  inhibition  by  the  vagus.  In  fact,  cardiac  inhibition  so  far  from 
being  a  mere  laboratory  experiment  enters  repeate<lly  into  the  every-day 
vorkiugof  our  own  organism  as  well  as  that  of  other  living  beings. 

Iod<ie4l  there  \^  some  reason  for  thiuking  that  the  central  nervous  system 
br  means  of  the  cardiac  inhibitory  fibres  keeps  as  it  were  a  continual  rein  on 
tae  heart,  for,  in  the  dog  at  least,  section  of  both  vagi  causes  a  quickening 
of  tb«  heart's  boat. 

In  the  dog  the  augmentor  fibres  (Fig.  96)  leave  the  spinal  cord  by  the 
anterior  root£  of  the  second  and  third  dorsal  nerves,  possibly  also  to  some 
by  the  fourth  and  fitth,  pass  atong  tb»  rami  commuuicantes  of  thoee 
to  the  ganglion  stellatum.  first  thoracic  ganglion,  or  respectively  to 
or  other  of  the  ganglia  forming  part  of  the  thoracic  splanchnic  or 
(pathetic  chain  immediately  below,  and  thence  upward  thniugh  the 
aaoaltM  of  Vieuasens,  passing  along  one  or  other  or  both  loojis,  to  the  inferior 
oerrical  ganglion.  Their  further  course  to  the  heart  is  along  the  nervee 
nuifpng  either  from  the  inferior  cervical  ganglion  or  from  the  loop  of 
VMoneiu  directly.  Their  exact  path  from  the  ganglia  in  fact  seems  to  vary 
in  diilbreot  individuals. 

The  path  of  the  augmentor  fibres  has  not  been  worked  out  so  fully  in 
#tber  mammals  as  in  the  dog,  but  it  is  most  probable  that  in  all  cases  they 
lflir«  the  spinal  cord  by  the  anterior  roots  of  the  second  and  third  dorsal 
(possibly  alsi^  by  the  fourth  and  fiflh)  and,  passing  up  the  sympathetic 
to  the  ganglion  fitellatum  and  auuulus  of  V'ieuseeus,  proceed  to  the 
by  nerves  branching  off  from  some  part  or  other  of  tne  annulus  or 
from  the  lower  and  middle  cervical  ganglia. 

Tbr  effects  of  stimulating  these  augmentor  fibres  in  the  mammal  arc,  in 
■Bncfal,  the  same  as  those  witnessed  in  the  frog.  In  the  mammal,  as  in  the 
nof  impulses  along  these  augmentor  fibres  may  be  originated  in  the  central 
ikrrvint«  tfvMem,  and  that  probably  in  various  ways.  That  palpitation  of  the 
bean  which  ic  so  conspicuous  an  efi'ect  of  certain  emotions  is  probably  due 
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to  the  suddeu  positive  action  of  augmeuting  impulsea,  though  it  may  possibly 
be  due,  in  part  at  least,  Uj  sudden  withdrawal  of  uormal,  continuous,  tonic, 
and  inhibitory  impulses. 
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0*  DlAGKANHAnC  REPBESBHTATIOH  OF  TUB  CaR- 
MAI.  ISHtniTORV  AKD  ACTOMENTOR  FlURlS 
IK  THE  1H». 

The  upjicr  |H>Klon  ot  Lfae  figuns  reprvwnU 
the  Jnhibitorj-,  Ihe  lower  the  augmentor  lihro*. 
r.Vg..  rof)lflof  Ibe  vagus;  r.Sp.Ac,  roots  of  thu 
epiiial  accessor)'!  t)ol-li  timwn  very  flint{rH"i- 
Hiatieally.  <;.J.,  ganglion  jugulare:  (J.Tr.Vg.. 
ganglion  iruncl  vagi;  Sp.Ac,  hpluAl  acoeMory 
Iruuk  ;  £xt.3|>.Ae,,  exterual  spinal  acoasBorr  ; 
i.Sp.Ac,  iDtcmal  iipiiml  accesBor>':  Vg.,  tniDk 
of  vagus  ucn'c :  n.c,  brencbes  going  to  bcart : 
C.Sy.,  cervical  i^ynijiallieUc ;  G.C,  lower  cervi- 
cal ganglion  ;  A.»b.,flubcla%ianartery :  An.V.. 
anuiilui  of  Vitius(«nf<;  U.St.  (Tb.*).  ganglion 
Kletlatum  ur  first  tbomclc  gangllmi ;  G.Th.'. 
(J.ThAtJ.Th.*,  ■eoond,  third,  and  fourth  tho- 
racic ganglia :  P.II.,  D.III..  D  IV..  1>V..  second 
third,  fuLirib,  and  IJflh  ibomclc  itplnal  nerves  , 
r.c,  mtniw  t'ommunlcaiu ;  n.c.  nerves  (car- 
diac) pasBtng  to  heart  (superior  vena  cava) 
fmui  corrlcat  ganglion  and  fnim  the  aunutui 
of  Vieuitaens. 

Tbe  Inhibitory  nbres,  shown  by  black  line, 
run  In  tbe  upper  (medullary  roots)  of  the 
uplnal  acceamry,  by  the  Internal  branch  of 
Lhcfiplnal  acoeft5or>',  pa»t  the  ganglion  tmnd 
ra^i,  along  the  trunk  of  tbe  vagus,  and  w»  bjr 
bmnches  to  the  superior  Tcna  cava  and  ibe 
heart. 

Tbe  augiucntor  (Ibrea,  alau  filioun  by  black 
line.  iM&ii  Irum  the  spinal  cord  by  the  auieriur 
r(.Kiii)  of  the  iieoond  and  tblnl  thoracic  nerves 
[t>o«sibty  alfO  Imui  fourth  and  finb  as  Indi- 
(jitt'd  by  broken  black  line),  pass  the  Mcond 
and  first  (fttcUate)  thoracic  ganglia  by  theaii- 
nului  of  VleuMCDB  to  the  lower  cervical  gan- 
glion, from  w-heucc.  of  also  from  the  annuliu 
ilwlf.  they  pnHi  along  the  cardiac  ncrvef^  to 
the  (tupcrior  vMia  cava. 


In  the  mammal,  then,  na  in  the  frog,  the  heart  is  governed  by  two  set«  of 
nerves,  the  one  antagonistic  to  the  other.  Iti  the  dog  the  rwAs  of  the  spinal 
accessory  nerve,  by  which  inhibitory  fibres  leave  the  central  nervous  sy.stem, 
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entirely  of  nieilullated  Hbres.  Amoog  these  are  fibres  of  fine 
2  fi-H  fi  in  diftmeier,  which  may  he  traced  down  the  trunk  of  the 
_  nlong  (he  braiiches  going  to  the  heart,  right  <iuwn  to  the  heart  itself. 
TlMfe  can  be  Utile  doubt  that  these  mectiilJated  fibres  of  fine  calibre  are  the 
Uiibilorik'  fibree  r»f  the  vagiis.  and  indeed  there  is  evidence  which  renders  it 
d«  that  the  iuhibitury  fibres  of  the  heart  are  always  niedullated  fibres 
calibre,  which  continue  ns  medullated  fibres  right  down  to  the  heart, 
erentaajly  lose  their  nudulhi  iu  the  heart  itself. 
Tbe  axtterior  ro<}ts  of  the  Hccond  and  thinl  dnrsul  nerves,  and  the  (white) 
mni  communicantea  belonging  to  them,  which,  as  we  have  just  seen,  contain 
in  tbe  dog  aiigiuentor  6bres,  algo  cougist  exclusively  of  niedullated  libres. 
Bat  the  nerves  which  convey  the  augmenting  impulses  from  the  lower 
ficrrical  ganglion,  or  from  the  annulus  nf  Vieusseos  to  the  hearty  consist  of 
medullatefl  fibren.  Hence,  the  augmentor  fibres  must  have  lost  their 
lalla,  and  become  continuous  with  non- niedullated  fibres  somewhere  in 
ir  course  along  the  sympathetic  chain.  It  is  probable  that  the  change 
irs  ID  the  ganglion  stellatum  aud  lower  cervical  ganglion,  and  it  is  further 
pmfaable  that  the  change  is  effected  by  the  medullated  fibre  passing  into  one 
of  the  ganglion  cells,  and  so  losing  its  medulla,  the  impulses  which  it  conveys 
paanoe  out  of  the  nerve  cell  by  one  or  more  of  the  other  processes  of  the 
cell  which  are  continued  on  as  non-meduUated  fibres-     Cf  §  98. 

In  the  dog  then  these  two  sets  of  nerve  fibres,  antagonistic  to  each  other 
m  function,  differ  in  structure,  the  augmentor  fibres  early  l(«ing  their 
Medulla,  and  hence  being  over  a  large  part  of  (heir  counse  noti  meduKated 
U  whereas  the  inhibitory  fibres  are  nie<Jullate<l  fibres  which,  though  they 
pmm  by  or  through  ganglia  (atj  the  ganglion  jugulare  and  ganglion 
Ttgi).  do  not  lode  their  medulla  in  these  ganglia,  but  remain  a 
lullated  fibres  right  down  to  the  heart.  And  this  ditfereuce  in  structure 
to  hold  good  for  all  mammals,  and  is  possibly  true  for  vertebrates 
lly. 
4  161.  The  question,  what  is  the  exact  nature  of  the  change  brought  about 
by  the  inhibitory  and  augmenting  impulses  respectively  on  their  arrival  at 
Ito  b«*rt?  or,' 
hself  do 

kind  augmentation  ?  is  a  very  difficult  one,  which  we  cannot  attempt 
[^iacuas  fully  here.  We  may  if  wc  please  speak  of  on  "  inhibitory  mech- 
'  placed  in  the  heart  itself,  but  we  have  no  exact  knowledge  of  the 
of  such  a  mechanism.  Still  less  do  we  possess  any  satisfactory  inform- 
»  to  an  augmenting  mechnniam.  It  has  been  suggested  that  some  of 
tfea  ganglia  in  the  heart  serve  as  such  nn  inhibitory  (or  augmenting) 
ibm  :  but  there  ia  evidence  that  the  inhibitory  impulses  produce  their 
by  acting  directly  on  the  muscular  fibres,  or  at  all  events  do  not  pro- 
4nee  their  ellect  by  acting  exclusively  on  any  ganglia.  One  evidence  of 
Ihit  kind  hi  supplied  by  the  acti<m  of  the  drug  atropine. 

If,  either  in  a  frog  or  a  mamnial,  or  other  animal,  af\er  the  vagus  fibres 
faara  been  proved  by  trial  to  produce  upon  stimulation  the  usual  inhibil<jry 
cflecu,  a  suiail  (piantity  of  atropine  be  introduced  into  the  circulation  (when 
the  experiment  is  conducted  on  a  living  animal,  or  be  applied  in  a  weak 
•olutioD  lu  the  heart  it>elf  when  the  experiment  is  conducted,  as  in  the  case 
of  a  frog,  on  an  excised  heart,  or  after  the  circulation  has  ceased),  it  will  after 
a  abirrt  time  be  found  not  only  that  the  stimulation,  the  application  of  a 
c«rT«nt,  fnr  instance,  which  previously  when  applied  to  the  vagus  produced 
■nrketl  inhibition,  now  produces  no  inhibition,  but  even  that  the  strongest 
^nalos,  (he  strongest  current  applied  to  the  vagus  will  wholly  fail  to 
tiie  heart,  provided  that  there  be  no  escape  of  current  on  to  the  cardiao 


in  other  words,  by  virtue  of  what  events  produced  in  the 

the  impulses  of  one   kind    bring   about   inhibition,  of  the 
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tissues  themselves;  under  the  inQuenee  ufeven  u  small  dose  of  atropine,  the 
strongest  stimulutiou  of  Llie  va^us  wit!  not  produce  standstill  or  appreciable 
slowing  or  weakening  of  the  beat. 

Now  it  might  be  suppoijed  that  the  atropine  produces  this  remarkable  effect 
by  acting  on  some  ganglionic  or  other  inechaniam  intervening  between  the 
vagus  fibres  and  the  cardiac  moscnlar  tissue  ;  but  we  have  evidence  that  the 
atropine  acts  either  on  the  muscular  tissue  itself  or  on  the  very  endings  of  the 
nerves  in  the  muscular  fibres.  We  hiivesaid,  S  l'5o.  that  a  properly  prepared 
strip  uf  the  ventricle  of  the  tortoise  will  execute  for  a  long  time  spontaneous 
rhythmic;  contractions,  it  will  go  on  "  beating"  for  a  long  time.  A  strip  of 
the  auricle  will  exhibit  the  same  phenomena  even  still  more  readily.  If  now, 
while  such  a  atrip  from  the  auricle  ia  satisfactorily  beating,  a  gentle  inter- 
rupted current  be  passed  through  it,  it  will  stop  beating;  the  current  inhibits 
the  sponUiueou?  beats;  a  very  gentle  interrupted  current  must  be  used, 
otherwise  the  edert  is  obscured  by  the  more  direct  stinmlnting  action  of  the 
current.  If  now  the  strip  be  gently  bathed  with  a  weak  solution  of  ntro[)ine 
no  such  inhibitory  effect  ih  produced  by  the  interrupted  current ;  the  beats 
go  on  regardless  of  the  action  of  the  current.  The  interpretation  of  this 
experiment  ia  that  iu  the  Hrsl  case  ttie  interrupted  current  stimulated  the 
fine  termination  of  the  irdiibitory  fibres  in  the  muscular  strip,  and  that  in 
the  second  case  the  atropine  produced  some  effect  either  on  these  fine  fibres, 
or  on  their  connections  with  the  miHoolnr  substance  or  on  the  actual  mus- 
cular substance  itself,  by  virtue  of  which  they  ceiised  to  act.  But  if  (his  be 
so,  if  the  same  inhibitory  etiects  are  produced  alike  by  stimulating  the  vagus 
trunk,  and  stimulating  the  very  endings  of  the  nerves  in  the  muscles  of  the 
heart,  if  not  the  actual  muscular  tissue  itself,  then  there  is  no  need  to  sup- 
pose the  existence  of  any  special  inhibittiry  mechaniHm  placed  between  the 
Jibres  in  the  vagus  branches  and  the  cardiac  muscular  tissue. 

The  action  of  atropine  on  the  heart  is,  so  to  speak,  complemented  by  the 
action  of  mtiscarine,  the  active  principle  of  many  poisonous  nuishrooms-  If 
a  small  quantity  of  muscarine  be  introduced  into  the  circulation,  or  applied 
directly  to  the  heart,  the  l>eats  become  slow  and  feeble,  iind  if  the  dose  be 
adequate  the  heart  is  brought  to  a  complete  standistill.  The  effect  is  in  some 
respects  like  that  of  powerful  gtimulation  of  the  vagus,  but  the  standstill  is 
much  more  complete,  the  etfect  is  much  more  profound.  Now  if,  in  a  frog, 
the  heart  be  brought  to  a  standsLill  by  a  dose  of  muscarine,  the  application 
<jf  an  ade<]uate  quantity  of  atropine  will  bring  back  ihe  beats  to  quite  their 
normal  strength.  The  oue  drug  is,  as  far  as  the  heart  is  concerned  (and, 
indeed,  in  many  other  respects),  the  antidote  of  the  other.  And,  as  in  the 
case  of  atropine,  so  in  the  case  of  muscarine,  there  is  evidence  that  the  drug 
&cia  not  on  any  ganglionic  mechanisms  but  on  the  carrliac  tissue  itself. 

The  conclusion  that  inhibition  \^  the  result  of  changes  in  the  cardiac  tissue 
itself  may  serve  to  explain  why  in  inhibition  sometimes  the  slowing,  some- 
times the  weakening  is  the  more  prominent.  When  the  inhibitorv  impulses, 
by  reason  of  particular  fibres  being  affected  or  otherwise,  are  brought  to 
bear  chietly  on  those  parts  of  the  heart,  such  as  the  sinus,  which  [loesessing 
higher  rhythmic  potentiality  (see  ^  15(f)  determine  the  sequence  and  set  the 
rate  of  rhythm,  it  is  the  rate  which  is  most  markedly  aHected.  When,  on 
the  other  Kand,  the  inhibitorv  iinpulees  fall  chietiy  on  the  parts  possessing 
lower  rhythmic  potentiality,  tlie  most  marked  effect  is  a  diminution  in  the 
force  of  the  contractions. 

There  is  no  adequate  evidence  then  that  the  cardiac  ganglia  act  as  an 
inhibitory  mechauienj  iu  the  seuse  that  they  produce  imnortant  changes  in 
the  nature  of  the  impulses  reaching  them  along  vagus  inhioitory  fibres  before 
thoee  impulses  pass  on  to  the  muscular  tissue.     We  may  add  that  there  is 
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iiarly  no  adetjuate  evidence  that  any  of  the  ji^nglia  act  as  an  "  augment- 
mechanism.      We  have  previousiy  8een,§?j  15-"),  156,  reasons  for  thinking 
nnglia  are  not  centres  for  the  origination  or  retaliation  of  the  spoutane- 
Defttft.       The  question  then  arises,  what  are  their  functions?     To  this 
<)iieatioa  we  cannot  at  present  give  a  wholly  satisfactory  answer 

The  inhibitory  fibres  remain,  as  we  have  seen,  mediillated  fibres  until  they 
rv»rh  the  heart,  but  it  would  appear  that  they  lose  their  medulla, somewhere, 
ia  the  heart  before  they  actually  reach  the  muscular  tissue,  and  it  is  probable 
that  the  loss  takes  place  in  connection  with  some  of  the  cardiac  ^nglia 
■Qch  in  the  same  way  that  the  augmenting  fibres  lose  their  medulla  in  the 
flOi^A  of  the  sympathetic  chain  ;  but  wc  do  not  know  what  is  the  physi- 
Stnglfrl  effect  or  the  purpose  of  this  loss  of  the  meilulln.  and  we  cannot 
wmppOBe  that  this  ia  the  sole  or  even  chief  use  of  the  ganglia.  Coincident 
wWh  the  toas  of  the  inednlta  an  increase  of  fibres  frequently  takes  place. 
th&D  one  Don-medullated  fibre  leaving  a  nerve  cell  i[kto  which  one 
lallAted  fibre  enters;  and  we  may  suppose  that  thin  mode  nf  liranching 
parpOMflnotfulGlleil  by  the  mere  division  of  a  fibre.  Then  again  bearing 
mind  the  nutritive  or  *'  trophic  "  function  of  the  spinal  ganglia  alluded  to 
5  lO*).  *e  may  suppose  that  the  cardiac  ganglia  are  in  some  way  concerned 
nutrition  uf  the  cardiac  nerve  fibres.  But  our  knowledge  is  not  yet 
itiy  ripe  to  allow  exact  statements  to  be  made. 


Other  Jnfiuencet  RegMlniinrf  or  Modifying  the  Beat  of  the  Heart. 


162.  Important  as  is  tlie  regulation  of  the  heart  by  the  nervous  system, 
be  borne  in  mind  that  other  influences  are  tir  may  be  at  work.  The 
of  the  heart  may,  for  instance,  be  modified  by  inHuenoes  bearing  directly 
tlie  nutrition  of  the  heart.  The  tissues  of  the  heart,  like  all  other  tissues, 
adequate  supply  of  blood  of  a  propi^r  tjualily  :  if  tltc  blm>d  vary  in 
or  quantity  the  beat  of  the  heart  is  correspondingly  atfected.  The 
frog's  heart,  as  we  have  seen,  continues  to  beat  for  some  cunaiderahle 
tfaw^  tbougn  apparently  empty  of  blood.  After  a  while,  however,  the  beats 
£ainish  and  disappear;  and  their  disappearance  is  greatly  hastened  by 
vfeshing  out  the  heart  with  a  normal  suJine  solution,  which  when  alloweci  to 
flow  through  the  cavities  of  the  heart  readily  permeates  the  tissues  on  account 
^  tlie  peculiar  construction  {^  151)  of  the  ventricular  walls.  If  such  a 
''waibed  out  "  quiescent  heart  be  fed  with  a  perfusion  canuta,  in  the  manner 
tecrib«d  (§  155),  with  diluted  blood  (of  the  rabbit,  sheep,  etc.),  it  may  be 
mloKd  U>  functional  activity.  A  similar  but  less  complete  restoration  may 
kc  witnewcd  if  serum  be  used  instead  of  blood  ;  and  a  heart  fed  regularly 
vith  Unah  supplies  of  blood  or  even  of  serum  may  be  kept  beating  for  a 
tt  length  of  time.  In  treating  of  the  skeletal  muscles  we  saw  that 
the  exhaustion  following  up<m  withdrawal  of  the  blood-stream 

Sift  be  attributed  either  to  an  inade<^uatc  supply  of  new  nutritive  material 
oxygen,  or  to  an  accumulation  in  the  muscular  substance  of  the  products 
_af  oraaoalar  metabolism,  or  to  both  causes  combined.  And  the  same  con- 
hold  good  for  the  nervous  and  muscular  structures  of  the  heart, 
the  subject  has  not  yet  been  sufficiently  well  worked  out  to  permit  any 
wry  definite  statements  to  be  made.  It  seems  probable,  however,  that  an 
baportant  factor  in  the  matter  is  the  accumulation  in  the  muscular  fibres 
aad  in  the  surrounding  lymph  of  carbonic  acid,  and  especially  of  the 
Mhrtanoea  which  give  rise  to  the  acid  reaction. 

When  the  frog's  heart  is  thus  "  fed  "  with  various  substances  the  interest- 
iaif  ftctiv  brought  to  light  that  some  substances,  such  for  instance  as  very 
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dilute  lactic  acid,  lead  to  increased  expaDsion,  and  others,  such  for  instance 
as  very  dilute  solutions  of  sodium  hydrate,  to  (HIniui^hed  expau»ion,  that  ia, 
to  eoiitimied  ooiitmction,  of  the  quiescent  ventricle,  [t  would  appear  that 
the  muscular  fibre.*!  of  the  ventricle  over  and  above  their  rhythmic  contrac- 
tions are  capable  of  vurying  in  length,  so  that  at  one  time  they  are  longer, 
and  the  ventricle  when  pressure  is  applied  to  it  internally  dilates  beyond  the 
normal,  while  at  another  time  they  are  shorter  and  the  ventricle,  with  the 
same  internal  prpasure,  is  contracted  beyond  the  normal.  Further,  in  the 
frog  at  least,  when  the  pause  between  two  beat.^  h  lengthened  the  relaxa- 
ticm  of  the  veutricle  goes  ou  increasing,  so  tliut  apparently  the  vontricle 
when  beating  normally  \s  already  somewhat  contracttd  when  a  new  l>eat 
begins.  In  other  words,  the  ventricle  possesses  what  we  shall  speak  of  id 
reference  to  arteries  as  tonicity  or  tonic  contraction,  and  the  amount  of  this 
tonic  contraction,  and  in  conBe<:{uenee  the  capacity  of  the  ventricle,  varies 
according  to  circumstances.  We  have,  moreover,  evidence  that  inhibitory 
impulses  diminish  and  augmenting  impulses  increase  this  tonic  contraction. 

When  the  frog^s  ventricle  is  thut-  artificially  fed  with  serum  or  even  with 
bloody  the  heate,  whether  spontaneous  or  provoked  by  stimulation,  are  apt  to 
become  internittteot  and  to  arrauge  themselves  into  groups.  This  interrait- 
tence  is  possibly  due  to  the  serum  or  blood  being  unable  to  carry  on  nutrition 
in  a  completely  normal  manner,  and  to  the  consequent  production  of  abnor- 
mal chemical  substances;  and  it  is  probable  that  cardiac  intermittences  seen 
during  life  have  often  a  similar  causation.  Various  chemical  substances  in 
the  blocjd,  natural  or  morbid,  may  thus  aflect  the  heart's  beat  by  acting  on 
its  muscular  fibres,  or  its  nervous  elements,  or  both,  and  that  probably  in 
various  ways,  modifying  in  different  directions  the  rhythm,  or  the  individual 
contractions,  or  both. 

The  physical  or  mechanical  circumstances  of  the  heart  also  affect  its  beat ; 
of  these  i)erhat)s  the  most  important  is  the  amount  of  the  distention  of  its 
cavities.  The  wmtractions  of  cardiac  muscle,  like  those  of  ordinary  muscle 
(see  §81).  are  increased  up  to  a  certain  limit  by  the  resistance  which  they 
have  to  overcome :  a  full  ventricle  will,  other  things  being  equal,  contract 
more  vigorously  than  one  less  full  :  though,  as  in  ordiuary  muscle,  the  limit 
at  which  resistance  is  beneficial  may  be  passed,  and  an  overfull  ventricle  will 
fail  to  beat  at  all. 

Under  normal  conditions  the  ventricle  probably  empties  itself  completely 
at  each  systole.  Hence  an  increase  in  the  quantity  of  blood  in  the  ventricle 
would  augment  the  work  done  in  two  ways:  the  quantity  thrown  out  would 
be  greater,  and  the  increased  quantity  "would  be  ejected  with  greater  force. 
Further,  since  the  distention  of  the  ventricle  is  (at  the  commencement  of 
the  systole  at  all  events)  dependent  on  the  auricular  systole,  the  work  of  the 
ventricle  (and  so  of  the  heart  as  a  whole)  is  in  a  measure  governed  by  the 
auricle. 

An  interesting  combination  of  direct  mechanical  effects  and  indirect  ner- 
vous effects  isseen  in  the  relation  of  the  heart's  beat  to  blood-pressure.  When 
the  blood-pressure  is  high,  not  only  is  the  resistance  to  the  ventricular  systole 
increased,  hut  other  things  being  equal,  more  bloml  Bows  (in  the  mamma- 
lian heart)  through  the  coronary  artery.  Both  these  events  would  increase 
the  activity  of  the  heart,  and  we  might  ex[)ect  that  the  increase  would  be 
manifest  in  the  rate  of  the  rhythm  as  well  as  in  the  force  of  the  individual 
beats.  As  a  matter  of  fact,  however,  we  do  not  find  this.  On  the  contrary 
the  relation  of  heart-beat  to  pressure  may  be  put  almost  in  the  form  of  a 
law,  that  the  '*  rate  of  the  l>eat  is  in  inverse  ratio  to  the  arterial  pressure;" 
a  rise  of  pressure  being  accompanied  by  a  diminution,  and  fall  of  pressure 
with  an  increase  of  the  pulse-rat^.     This,  however,  only  holds  good  if  the 
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Tttgi  be  intact.  If  these  be  previously  divided,  then  in  whatever  way  the 
blood- pressure  be  raised — whether  by  injecting  blood  or  clampin^^  the  aorta, 
or  increftsioc;  the  peripheral  restHtauce,  thnuj^h  that  action  of  the  vaftomotur 
■erycs  which  we  shall  have  to  describe  directly— or  iu  whatever  way  it  be 
lowered,  no  Mich  clear  and  decided  inverse  relation  between  bl(H)d- pressure 
And  pulae-rate  is  observed.  It  i»  inferred,  therefore,  lliat  increased  blood- 
pnmnre  causes  a  slowing  of  the  pulse,  when  the  vagi  are  intact,  because  the 
CRrdio-iohibitory  centre  iu  the  medulla  is  stiauiJAted  by  the  high  pressure, 
directly  by  the  pressure  obtaining  in  the  bloodvessels  of  the  medulla, 
ia  aome  indirect  manner,  and  the  heart  in  consequence  to  a  certain  extent 
UkibiUd. 


CkAKGK  IV   TILE  CaLIBHE  OF  THE  MiNUTE   ArTERIEH. 

Actions. 


Vasomotor 


§163.  We  have  seen  (§  108)  that  all  arteries  contain  plain  muscular 
fbret,  for  the  most  part  circularly  disposed,  and  most  abuudant  in.  or  some- 
limes  almost  entirely  confined  to,  the  middle  coaL  We  have  further  seen 
thai  as  the  arteries  become  smaller  the  muscular  element,  as  a  rule,  becomes 
mora  ftod  more  prominent  as  compared  with  the  other  elements,  nniil,  in  the 
minute  arteries,  the  middle  coat  consists  almost  entirely  of  a  aeries  of  plain 
muscular  fibres  wrapped  around  the  internal  coat.  Nerve  fibres,  of  whose 
ure  and  course  we  shall  i>resently  8i>€ak,  are  distributed  largely  to  the 
riesand  appear  to  end  chiefly  in  fine  plexuses  around  the  muscular  fibre, 
bat  their  exact  terminations  have  not  as  yet  been  clearly  made  out.  By 
m<ybanicAl,  electrical,  or  other  stimnlaticm^  this  muscular  coat  may,  in  the 
ETiDg  artery,  be  made  to  contract.  During  this  contraction,  which  has  the 
■low  character  belonging  to  the  contractions  of  all  plain  muscle,  the  calibre 
af  Che  Tcaeel  is  diminished.  The  veins  also,  as  we  have  seen,  possess  mus- 
flolar  eleinents,  but  these  vary  in  amount  and  distribution  very  much  mure 
ia  tha  reuiB  than  in  the  arteries.  Moat  veins,  however,  are  contractile,  and 
mar  varj  in  calibre  according  to  the  condition  of  their  muscular  elements. 
Vema  are  also  supplied  with  nerves.  It  will  be  of  advantage,  however,  to 
COttaider  separately  the  little  we  know  concerning  the  changes  iu  the  veins, 
attd  tn  ooniioe  ourselves  at  pre^nt  to  the  changes  in  the  arteries. 

If  the  web  of  a  frog's  foot  be  watched  under  the  microscope,  any  individual 
•mall  artery  will  be  found  to  vary  considerably  in  calibre  from  time  to  time, 
hdag  sometimes  narrowe<l  and  sometimes  dilated;  and  these  changes  may 
taka  place  without  any  obvious  changes  either  in  the  heart-beat  or  in  the 
geoend  circulation;  they  are  clearly  changes  of  the  artery  itself.  During 
the  narrowing,  which  is  obviously  due  to  a  contraction  of  the  muscular  coat 
i*f  the  artery,  the  capillaries  fed  by  the  artery  and  the  veins  into  which  these 
lead  bec«)me  leas  filled  with  blood  and  paler.  During  the  widening,  which 
ooTTcaponds  to  the  relaxation  of  the  muscular  coat,  the  same  parts  are  fuller 
of  blood  and  redder.  It  is  obvious  that,  the  pressure  at  the  entrance  into 
aof  given  artery  remaining  the  same,  more  blood  will  enter  the  artery 
relaxation  takes  place,  and  consequently  the  resistance  offered  by  the 
_  is  diminished,  aud  ]es3  when  contraction  occurs  and  the  resistance  is 

poonquantly   increased;  the   blood   flows   in   the  direction  of  least  resist-. 

The  extent  and  intensity  of  the  narrowing  or  widening,  the  constriction 
or  dilatation  which  may  thus  be  observed  in  the  frog's  web.  vary  very  largely^ 
Variations  of  slight  extent,  either  more  or  less  regular  and  rhythmic  or 
imgalar,  occur  even  when  the  animal  is  apparently  subjected  to  no  disturb- 
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ing  causes,  and  may  bespoken  of  as  spoataDeous  ;  larger  changes  may  follow 
events  occurring  in  variona  parts  of  the  body;  while  as  the  result  of  exj^eri- 
mental  interference  the  arteries  may  become  either  coustricted,  in  some  cases 
almost  to  obliteration,  or  {iilated  until  they  acquire  double  or  more  than 
double  their  normal  diameter.  Thij?  constriction  or  dilation  may  be 
brought  about  not  only  by  treatment  a[ipliod  directly  to  the  web,  but  also 
by  chnnges  affecting  the  nerve  of  the  leg  or  other  parl«  of  the  body.  Thus, 
section  of  the  ecialie  nerve  is  generally  followed  by  a  widening  which  may 
be  slight  or  which  may  be  very  marked,  and  which  is  suiuetimcs  preceded 
by  a  passing  constriction  ;  while  stimulation  of  the  peripheral  stump  of  the 
divided  nerve  by  an  interrupted  current  of  moderate  intensity  generally 
gives  rise  to  constriction,  often  so  great  as  almost  to  obliterate  some  of  the 
minute  arteries. 

Obviously,  then,  the  contractile  muscular  elements  of  the  minute  arteries 
of  the  web  of  the  frog's  foot  are  capable  by  contraction  or  relaxation  of 
causing  decrease  or  increase  of  the  calibre  of  the  arteries ;  and  this  condition  of 
constriction  or  dilatation  may  be  brought  about  through  the  agency  of  the 
nerves.  Indeed,  not  only  in  the  frog,  but  also,  and  still  more  so.  in  warm- 
blooded animals,  have  wo  cvideuce  that  in  the  ca.seof  nearly  all,  if  not  all,  the 
arteries  of  the  body,  the  condition  of  the  muscular  coat,  and  so  the  calibre 
of  the  artery,  is  governed  by  means  of  nerves;  these  nerves  have  received 
the  general  name  of  vajiomofor  nerves. 

§  164.  If  the  ear  of  a  rabbit,  preferably  a  light  colored  one,  be  held  up 
before  the  lights  a  fairly  com^picuous  artery  will  he  seen  running  up  the 
middle  line  of  the  ear  accompanied  by  its  broader  and  more  obvious  veins. 
If  this  arterj''  be  carefully  watched  it  will  be  found,  in  most  instances,  to  be  un- 
dergoing rhythmic  changes  of  calibre,  constriction  alternating  with  dilatation. 
At  one  moment  the  artery  appears  its  a  delicate,  hardly  visible,  pale  streaky 
the  whole  car  being  at  the  same  time  pallid.  After  a  while  the  artery  slowly 
widens  out,  becomes  broad  and  red.  the  whole  ear  blushing,  and  many  small 
vessels  previously  invisible  coming  into  view.  Again  the  artery  narrows  and 
the  blush  fades  away ;  and  this  may  be  repeated  at  somewhat  irregular  inter- 
vals of  a  minute,  more  or  less.  The  extent  ami  regularity  of  the  rhythm  are 
usually  markedly  increased  if  the  rabbit  be  held  up  by  the  ears  for  a  .short 
time  previiujs  to  the  observation.  Similarly  rhythmic  variations  in  the  calibre 
of  the  arteries  have  been  observed  in  several  places,  e.  7.,  in  the  vessels  of  the 
mesentery  and  elsewhere ;  probably  they  are  widely  spread. 

Sometiraet*  no  such  variations  are  seen ;  the  artery  remains  constant  in  a 
condition  intermediate  l)etween  the  more  extreme  widening  and  extreme 
narrowing  just  described.  In  fact,  we  may  speak  of  an  artery  as  being  at 
any  given  time  in  one  of  three  phase-s.  It  may  be  very  constricted,  in  which 
case  its  muscular  fibres  are  very  much  contracted ;  or  it  may  be  dilated,  in 
which  case  its  muscular  HbreA  are  relaxed  ;  or  it  may  be  moderately  con- 
stricted, the  muscular  fibres  being  contracted  to  a  certain  extent,  and 
remaining  in  such  a  condition  that  they  may,  on  the  one  hand,  pass  into 
stronger  contracti<m.  leading  to  marked  constriction,  or,  on  the  other  hand, 
into  distinct  relaxation,  leading  to  dilatation.  We  have  reason  to  think,  as  we 
shall  see.  that  many  arteries  of  tite  body  are  kejiL  habitually,  or  at  least  fur 
long  periods  together,  in  this  intermediate  condition,  which  is  frequently 
spoken  of  as  tonic  coidrartion,  or  /omiw,  or  nrtrrifil  tone. 

§165.  If,  now,  in  a  vigorous  rabbit,  in  which  the  heart  is  beating  with 
adequate  strength  and  the  whole  circulation  is  in  a  satisfactory  condition, 
the  cervical  sympathetic  nerve  be  divided  on  one  side  of  the  neck,  remark- 
able changes  may  be  (diserved  in  the  bloodvessels  of  the  ear  of  the  same  aide. 
The  arteries  and  veins  widen,  they  together  with  the  small  veins  and  the 
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^mn  too 


cApillArieB  become  full  of  blood,  many  vessels  previously  invisible  corae  into 
riew,  the  wbole  car  blushes,  auil  if  the  rhythmic  chaugt's  dtwcribed  above 
were  previnusly  k**^*^?  **".  these  now  cease  ;  and,  in  consequence  of  the  extra 
eupipljr  of  warm  blood,  the  whole  ear  becomes  distinctly  warmer.  Now  these 
take  place,  or  may  take  place,  wiLhnnt  any  alteration  in  the  heart- 
or  in  the  general  circulation.  Obviously  the  arteries  of  the  ear  have,  in 
uence  of  the  section  of  the  nerve,  lost  the  tonic  contraction  which  pre- 
y  ezieted ;  their  muscular  coats,  previously  somewhat  contracted,  have 
Income  quite  relaxeil,  and  whatever  rhythmic  contractions  were  previously 
«MBg  on  oave  ceased.  The  more  marked  the  previous  tonic  contraction,  and 
UM  OBore  vigorous  the  heart-beats,  so  that  there  is  an  adeouate  supply  of 
blood  to  611  the  widened  channels,  the  more  striking  the  results.  Sometimes, 
•0  wfaeo  the  heart  is  feeble,  or  the  preexisting  tonic  contraction  is  slight,  the 
•ection  of  the  nerve  produces  no  very  obvious  change. 

If.  DOW,  the  upper  segment  of  the  divided  cervical  sympathetic  nerve — 

that  \»,  the  portion  of  the  nerve  paj«ing  upward  to  the  head  and  ear — be  laid 

upoo  the  electrtnies  of  uii  inductiim  machine  and  a  gentle  interrupted  current 

be  eent  through  the  nerve,  new  changes  take  place  in  the  bloodvessels  of  the 

tAT.     A  iibort  time  at^er  the  appUcattou  of  the  current,  for  in  this  effect  there 

it  a  latent  period  of  very  appreciable  duration,  the  ear  grows  paler  and 

cooler,  many  small  vessels  previ4»usly  conspicuous  become  again  invisible, 

ti>e  main  artery  shrinks  to  the  thinnest  thread,  and  the  main  veins  become 

oocreepondingly  small.     When  the  current   ia  shut  oH  from  the  nerve,  these 

~        still  last  some  time,  but  eventually  pass  olf ;  the  ear  reddens,  blushes 

more,  and  indeed  may  become  even  redder  and  hotter,  with  the  vessels 

filled  with  bloo<l  than  before.     Obviously  the  current  has  generated  in 

ical  sympathetic  nerve  impulses  which,  passing  upward  t-o  the  ear 

aad  fiofiing  their  way  to  the  muscular  coats  of  tne  arteries  of  the  ear,  have 

thfowti  the  muscles  of  tho!^  coat^  into  forcible  contractions,  and  have  thus 

brought  about  a  forcible  narrowing  of  the  calibre  of  the  arteries — a  forcible 

ooiMtriction.     Through  the  uarrowe<l  constricted  arteries  less  blood  tindn  its 

wsy,  and  hence  the  paleness  and  coldness  of  the  ear.     If  the  impulf^es  thus 

generated  be  very  strong,  the  constriction  of  the  arteries  may  be  so  gre-at 

ibai  tbe  smallest  quantity  only  of  blood  can  make  its  way  through  them,  and 

ibe  ear  may  become  almo.-Jt.  bloodless.      If  the  impulses  be  wciik,  the  c^mstric- 

tion  induced  niny  be  i^light  only ;  and,  indeed,  by  careful  manipulation  the 

nerve  may  be  indnce<l  to  :«end  up  tf)  the  car  impulses  only  just  Hutfioiently 

g  to  restore  tbe  moderate  tonic  constriction  which  existed  before  the 

wu«  divideil. 

We  infer  from  theee  experiments  that  among  the  various   nerve  fibres 

up  the  cervical  sympathetic,  there  are  certain  fibres  which   passing 

lo  the  head  become  c(tnnect<'d  with   the  arteries  of  the  ear.  and  that 

fibres  are  of  such  a  kind  that  impulses  generated  in  them  and  passing 

to  the  ear,  lead  to  marked  contraction  of  the  muscular  fibres  of  the 

.  and  thus  prjduce  constriction.     These  fibres  are  vasomotor  fibres 

Ibr  the  bloodvessels  of  the  ear.     From  the  loss  of  tone,  so  frequently  follow- 

lagndloD  of  the  cervical  sympathetic,  we  may  further  infer  that,  normally 

wing  life,  imptilses  of  a  gentle  kind  are  continually  passing  along  these 

fibiw.  upward  through  the  cervical  nympathetic,  which  impulses,  reaching 

Uie  arteries  of  the  ear,  maintain  the  normal  tone  of  those  arteries.     But.  as 

veMid.  the  existence  of  this  tone  is  not  so  constant,  and  these  tonic  impulses 

ars  not  so  conspicuous  as  the  artificial  constrictor   impulses  generated  by 

fltinralaliou  of  the  nerve. 

$166.  The   above  results  are  obtained  whatever   be   the    region    of  the 
eenrical  nympathetic  which  we  divide  or  stimulate  from  the  upper  cervical 
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ganglion  to  the  lower.  We  may^  therefore,  describe  these  vasomotor  im- 
pulses flB  passing  upward  from  the  lower  cervical  gauglion  along  the  cervical 
Bympathetic,  to  tlie  upper  cervical  gaugliou,  from  which  they  issue  by 
brunches  which  ullimalcly  find  their  way  to  the  ear.  But  these  impulses  do 
not  start  from  the  lower  cervical  ganglion  ;  on  the  contrary,  by  repeating 
the  experiments  of  divii^ion  and  etinnilatinu  in  a  series  of  animals,  we  may 
trace  the  path  of  these  impulsej^  from  the  lower  cervical  ganglion  (Fig.  97) 
through  the  auuulua  of  Vieuaseuu  ti}  the  ganglion  jjteilatum  or  first  thoracic 


Fig.  07. 


BUURAX    ILLt'STSATIKO    THE    PaTB*    OF  VAaO-COWSTRICTOR   FU 
ALOKO  TTIE  CEBVICAX  SvltPATnETlC    ANH  (PART  OF)   TIIK  ABDOMtlfJ 

Splanchnic. 

Aur,  arter)'  nf  ear;  G.C.S.,  superior  oenrlcal  g&nffllon:  Abd.Spl., 
upper  iDOlB  of  and  i^art  of  ubdomiiml  splancbulc  Dcrvc ;  V.U.C,  vtuo- 
aoUM-  ceiUre  In  mc-<1ulla.  The  other  refereucua  are  the  Mjue  as  In 
Fig-  ^>  I  l*^-  "^^^c  i«ih»  of  the  <:nnRtrietnr  fibres  are  sboMti  by  ibe 
aiTowfl.  Tbc  doltd]  Hne  in  the  fipiniiJ  cord.  Sp.C.  lit  to  iudinte  tbc 
PMugo  of  constrictor  Inipuliies  Oown  tbe  conl  from  tho  vasomotor 
centre  io  tbe  uedulla. 


ganglion,  and  thence  either  along  the  rami]8  coniniunicana  (visceral  branch) 
to  the  anterior  root  of  the  second  dorsal  nerve,  and  thua  to  the  spinal  cord, 
or  lower  down  along  the  thoracic  sympathetic  chain,  and  thence  by  other 
rami  comraiinicantes  to  some  other  of  the  upper  dorsal  nerves,  and  thus 
to  tbe  spinal  cord.  The  path  taken  by  these  vasomotor  impulses  for  tbe 
ear  is  in  fact  very  similar  to  (hat  of  the  augnienlor  Hbres  for  the  heart  (cf. 
Fig.  96),  from  the  spinal  cord  up  to  the  annulus  of  Vieussens  and  to  the 
lower  cervical  ganglion  ;  but  there  they  part  company.  We  can  thus  trace 
these  impulse*  along  the  cervical  sympnthetic  to  ihe  anterior  roots  of  certain 
dorsal  nerves^  and  through  these  to  a  particular  part  of  the  spinal  cord, 
where  we  will  for  the  present  leave  them.  We  may  accordingly  speak  of 
vasomotor  fibres  for  the  ear  as  passing  from  the  doreal  spinal  cord  to  the 
ear  along  the  truck  jut^t  marked  out;  stimulation  of  these  fibres  at  their 
origin  in  the  jipinal  cord  or  nt  any  part  of  their  course  (along  the  anterior 
roots  of  the  second,  third,  or  other  upjver  dorsal  nerves,  visceral  branches 
of  those  nerves,  ganglion  stellatum  or  upper  part  of  thoracic  sympathetic 
chain,  annulus  of  Vieussens,  etc.)  leads  to  constriction  in  the  bioodveaBela 
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of  the  ear  of  that  aide ;  and  sectioa  of  these  fibres  at  any  part  of  the  same 
coone  tends  to  abolish  any  previously  existing  tonic  constriction  of  the 
bloodveflsels  of  the  ear,  though  this  effect  b  not  so  constant  or  striking  as 
th«t  of  ttiruulatiou. 

§  W7.  We  must  now  turn  to  another  case.  Tn  dealing  with  digestion  we 
•kail  have  to  study  the  submaxillary  salivary  gland.  We  uiuv  for  the 
yiiMUl  nm ply  say  that  this  is  a  glandular  njasa  well  suppUed  with  blood- 
TaBils,aiid  poAsessinga  double  nervous  supply-  On  the  one  hand  it  receives 
fibrci  from  the  cervical  syiui>alhetic,  Fig  98,  v.  sf/m.  (in  the  dog,  in  which 
t^ftcfieoU  which  we  are  about  to  describe  are  best  seen,  the  vagus  and  cervical 


Fig.  !W. 


IMfaTlC   RuPlltSEVr^TinS   of   THK  St!BMA\ILI.ARY  ULaND  OF  THF    IHW,  WITH  ITS  NeBVI!*  ASI> 

BlXK)DV13#ELB. 

TW  dfaMMOtinn  hut  been  on  «ti  aniuiat  lying  on  Its  back,  biit  alnce  nil  the  p<irt«  nbnwn  in  the 
tguwcmnaot  be  teen  from  anyone  point  of  view,  the  flgiiro  does  not  give  the  exact  aniitomlcal  ruln- 
■ooi  ot  xht  ■evenl  vtniciurus. 
mk.  gid.  Tb«  inbroAxinArT  iclitnd.  into  tb«  duct  (mt.  it.)  of  which  a  CHnnln  bw  been  Uud.  The  aub- 
ikod  uidduct  are  not  sliown.  n.L.  nJ'.  The  liognuil  branch  of  the  Hfth  nerve.  ll>e  part  n./. 
[ lo th*  tod^ic.  ih.t..cfi.t'.,eh.l".  The  chimin  tvmpanf.  The  |Nirt  rA.f".li(pr(x-ee<1ingrra(i)  the 
iarT«;  at  cA.f  It  beromeA  conjoined  with  the  lln^a)  n.t' ,  nnrl  afterward  diverging  paAM^aa 
4*.  L  to  the  gland  along  thedurt  :  the  continuation  or  the  nerve  in  company  with  the  llnffuat  n.1..  U 
wt  ihamn.  am.  jff.  The  ftubmaxiltaiy  gmugElon  wltb  its  several  ntuis.  a.  car.  Tbt;  canitld  arlef7,  tvo 
••all  bnuktbflf  i>r  which,  a.  am.u.  and  r.  iriii.p.,  \*m  to  ihc  anterior  and  posterior  purtAof  tbcKland. 
>  ^  Tbv  anterior  and  pnteriorvein?  ftam  the  eland,  failing  Into  i*.ji'.,ihc  Jugrularreln.  v.t\/m.  The 
tafu*  and  lyinpntlietlc  tninkn.  p.  rrr.  ».  The  up|<er  corvhiii  ganglion,  two  tmiioheK  of 
I.  fcrwlnip  a  piexui  (n/  >  over  tbe  Diclal  artery,  are  dlstrlbntcd  *n.  t)fm.  tm.)  along  tht:  two 
iUt^m-m,-  lo  the  antcrtor  and  posterior  porUon*  of  the  gland. 
At  -uie  tbe  direction  taken  by  the  nervons  iiii[iul!(ea  duriiiR  reflex  ulltnolatlon  of  tbe 

tid  to  the  bmiD  by  ibe  lingual  and  descend  by  tbe  chorda  tymiMiii. 


tic  are  enclosed  iu  a  common  sheath  so  as  to  form  whnt  appears  to 
■nele  trunk),  which  reach  the  gland  in  company  with  the  arteries  sup- 
is  tni?  gland  («.  s^pn.  sm. ).     On  the  other  hand,  it  receives  tibres  from  a 
«iaJI  nerve  called  tbe  chonfa  tyinpani  {ch.  /.),  which,  springing  from  the 
ipffsitli  cranial  'facial)  nerve,  crosses  the  tympanum  of  the  ear  (hence  the 
If  joining  the  lingual  branch  of  the  fifth  nerve,  runs  for  some  dis- 
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tance  iu  compauy  with  thai  uerve,  am]  theu  eu(l»  partly  ou  the  toneue,  and 
partly  in  a  ainall  nerve  which,  leaving  the  lingual  nerve  hefore  reaching  the 
tongue,  Tuas  along  the  duct  uf  the  t^ubmaxillnry  gland,  and  is  lost  in  the 
Buhstance  of  the  gland;  a  small  brunch  b  also  given  oH  to  the  sublingual 
gland. 

Now  when  the  chorda  tympaui  is  simply  divided  no  very  remarkable 
changes  take  place  in  the  bloodvessels  of  the  gland,  hut  if  the  periplieral 
segment  of  the  divided  nerve,  that  still  in  connection  with  the  gland,  be 
stimulated  very  marked  results  follow.  The  small  arteries  of  ihe  gland 
become  very  much  dilated  and  the  whole  glund  l>ecome8  flushed.  (As  we 
shall  see  later  on  the  glaud  at  the  same  time  secretes  saliva  a)piously,  but 
this  does  not  concern  U9  just  now.)  Changes  in  the  calibre  of  the  bloodves- 
sels are  of  course  not  so  readily  seen  in  a  compact  j^land  as  iu  a  thin  extended 
ear ;  but  if  a  fine  tube  be  placed  in  one  of  the  small  veins  by  which  the  blo4)d 
returns  from  the  gland,  the  efltct*  on  the  bluodvesaels  of  stimulating  the 
churdii  tympani  become  very  obvious.  Before  Htimiilatiun  the  blood  trickles 
out  in  a  thin  slow  stream  of  a  dark  venous  color;  during  stimulation  the 
blood  rushes  out  in  a  rapid  full  stream,  often  with  a  distinct  pulsation  and 
frequently  of  a  color  which  is  Rtill  scarlet  and  arterial  in  spite  of  the  blood 
having  traversed  the  capillaries  of  the  gland  ;  the  blood  rushes  so  rapidly 
through  the  widened  bloodvessels  that  it  has  not  time  to  undergo  completely 
that  change  from  arterinl  to  venous  which  normally  occurs  while  the  blood 
is  traversing  the  capillaries  of  the  gland.  This  state  of  things  may  continue 
for  some  lime  after  the  stimulation  has  ceJLse<l,  but  before  long  the  flow  from 
the  veins  slackens,  the  issuing  blood  becomes  darker  and  venous,  and 
eventually  the  circulation  becomes  normal. 

Obviously  the  chorda  tympani  contains  fibres  which  we  may  speak  of  as 
"  vasomotor,*'  since  stimulation  of  them  produces  a  change  in, and  brings  about 
a  movement  in  the  bloodvessel.*^ :  but  the  change  produced  is  of  a  character 
the  very  opposite  to  that  pn>duce<l  iu  the  blomTvessels  of  the  ear  by  stimula- 
tion of  the  cervical  sympathetic.  There  stimulation  of  the  nerve  cjtused 
contraction  of  the  muscular  fibres,  constriction  of  the  small  arteries;  here 
stimulation  of  the  nerve  causes  a  widening  of  the  arteries,  which  widening 
is  undoubtedly  due  to  relaxation  of  the  muscular  fibres.  Hence  we  must 
distinguish  between  two  kinds  of  vasomotor  fibres,  fibres  the  stimulation  of 
which  produces  constriction,  v(isoeim«irtclor  fibres,  and  fibres  the  stimulation 
of  which  causes  the  arteries  to  dilate,  vaao-dilator  fibres,  the  one  kind  being 
the  antagonist  of  the  other. 

The  reader  can  hardly  fail  to  be  struck  with  the  anology  between  these 
two  kinds  of  vasomotor  fibres  on  the  nne  hand,  and  the  inhibitory  and 
augmentor  fibres  of  the  heart  on  the  other  hand.  The  augmentor  cardiac 
fibres  increase  the  rhylhm  and  the  force  of  the  heart- beats;  the  vaso-con- 
stricter  fibres  increase  the  contractions  of  the  muscular  fibres  of  the  arteries; 
the  one  works  upon  a  rhythmically  active  tissue,  the  other  upon  a  tissue  whoee 
work  is  more  or  less  continuous,  but  the  efl'ect  is  in  each  c*ase  similar — an 
increase  of  the  work.  The  inhibitory  cardiac  fibres  slacken  or  stop  the 
rhythm  of  the  heart  and  diminish  the  beats;  the  vaso-dilator  fibres  diminish 
the  previously  existing  contraction  of  the  muscular  fibres  of  the  arteries  so 
that  these  expand  under  the  pressure  of  the  blood. 

We  must  not  attempt  here  to  discuss  what  is  the  exact  nature  of  the  pro- 
cess by  which  the  nervous  impulses  passing  down  the  fibres  thus  stop  con- 
traction and  induce  relaxation,  but  we  may  say  that  in  all  probability  the 
process,  whatever  be  its  nature,  is  one  which  takes  place  iu  the  muscular 
fibre  itself  on  the  arrival  of  the  nervous  impulse,  and  that  there  is  no  need  to 
presuppose   the   existence  of  any  special   terminal    inhibitory  ur  dilating 
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WlvCiUA  mecbanisin.  We  have  repeatedly  insisted  that  the  relaxation  of  a 
aaaKalar  fibre  is  tm  much  a  complex  vital  process,  is  as  truly  the  result  of 
ibe  nKiabolism  of  the  muscular  substance,  as  the  contraction  itself;  and 
then  m  d  jrriori  no  reason  why  a  nervous  impulse  should  not  govern  the 
ftjnner  ma  it  does  the  latter.  We  may,  perhaps,  go  further  and  say  that 
rdaxAtioai  neeed  not  be  considered  as  the  mere  undoing  of  a  contraction ; 
tluit  the  action  of  dilator  fibres  is  not  neceasarily  limited  to  the  removal  of 
a  prvrioualy  existing  constriction.  We  may  imagine  a  muscular  fibre  as 
■Bbject  to  the  action  of  two  opposing  forces — the  one  elongating,  relaxing,  or 
diialing ;  the  other  shortening,  contracting,  or  constricting.  ^Vhen  neither 
•  ID  action,  or  when  the  two  are  equipollent,  the  fibre  is  at  rest,  neither 
relaxuig  tior  contracting  ;  when  one  acts  alone,  or  when  one  acts  more  power- 
fully ihan  the  other,  then  relaxation,  elongation,  dilatation,  or  otherwise  con- 
traction, shortening,  constriction,  is  the  result ;  we  have  probably  as  much 
righl  ti>  suppfwe  relaxation  to  be  a  necessary  antecedent  of^  contmctiou  as  to 
•uppoee  contraction  to  be  a  necessary  antecedent  of  relaxation. 

§  16A.  But  we  must  return  to  the  vasomotor  nerves.  The  cervical  sympa- 
tbefjc  contains  vaso-constrictor  Hbres  for  the  ear.  and  we  may  now  add  for 
«iU>er  regions,  also  of  the  head  uud  face.  Thus  the  branches  of  the  cervical 
tympaCheiic,  going  to  the  submaxillary  gland  of  which  we  just  spoke  (Fig. 
^,  N.  mpti.  rni.),  contain  vaso-constrictor  tibres  for  the  vessels  of  the  gland  ; 
•timulation  of  these  tibre:^  produces  on  the  vessels  of  the  gland  au  ctfect 
exactly  the  opposite  uf  that  produced  by  stimulation  of  the  chorda  tym[)ani. 
But  to  this  particular  f>oint  we  shall  have  to  return  when  we  deal  with  the 
gland  in  connection  with  digestion.  A  more  important  fact  for  our  present 
parpoae  is  that  the  cervical  sympathetic  appears  to  contain  only  vaso-con- 
Miielor  fibres:  if  we  put  aside  as  exceptional  and  doubtful  the  result  of 
ocfftain  obaervers  who  obtained  vaso-dilator  effects  in  the  mouth  and  face, 
we  may  aay  that  in  no  region  to  which  the  fibres  of  the  cervical  sympathetic 
are  distributed  can  any  vasn-dilator  action  be  observed  as  the  result  of 
ilimulaiion  of  the  nerve  at  any  part  of  its  course.  In  the  chorda  tyinpani, 
«•  the  other  hand,  the  vasomotor  fibres  arc  exclusively  vaso-dilator  fibres^ 
sod  this  is  true  both  of  the  part  of  the  nerve  ending  in  the  submaxillary 
and  sublingual  glands  and  the  rest  of  the  ending  of  the  nerve  in  the  tongue. 
Sktnulation  of  the  chorda  tympani  (as  far  as  the  vasomotor  functions  of 
the  nerve  are  concerned,  for  it  has,  its  we  shall  see.  other  functions)  at  any 
part  of  its  course,  from  its  leaving  the  facial  nerve  to  its  endings  in  the 
loDgue  or  gland,  produces  only  vaso-dilator  efiects,  never  vaso-constrictor 
•fliicl& 

With  many  other  nerves  of  the  body  the  case  is  different.  In  the  frog 
divtiioQ  of  the  sciatic  nerve  leads  to  a  widening  of  the  arteries  of  the  web 
*i  the  foot  of  the  same  side,  and  stimulation  of  the  {>eripheral  end  of  the 
Berre  causes  a  constriction  of  the  vessels,  tvhich,  if  the  stimulation  be  strong, 
nsy  be  so  great  that  the  web  appears  fur  the  time  l>eing  to  be  devoid  of 
Umd.  Also  in  a  mammal  division  of  the  sciatic  nerve  causes  a  similar 
vklening  of  the  sraoJl  arteries  of  the  skin  of  the  leg.  Where  the  condition 
<i\ite  circulation  can  he  readily  examined,  as,  for  iuatauoe,  in  the  hairless 
Uh  of  the  toes,  especially  when  these  are  not  pigmented,  the  vessels  are 
<M0  to  be  diluteil  and  injected,  and  n  thermometer  placed  between  the 
•wi  shows  a  rise  of  temt>erature  amounting,  it  may  be,  to  several  degrees. 
If.  (Doreover,  the  f>eripheral  end  of  the  divided  nerve  be  stimulated,  the 
*t«eJ8  nf  the  skin  l)ecome  constricted,  the  skin  grows  pale,  and  the  temper- 
^R  of  the  foot  falls.  And  very  similar  results  ore  obt^iined  in  the  tore- 
^b  by  dtvieion  and  subsequent  stimulation  of  the  nerves  of  the  brachial 
pkiBL 
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The  quantity  of  blood  pre.'^ont  in  the  blootlvcsflols  of  the  rnammal,  though  it 
luay  sotuctiiucs  he  olwierved  diret'tly.  hua  ("rtHimiiitly  U*  be  dctcnuinod  indirectly. 
The  temptiriiture  of  piissive  etructures  fiubject  to  eoohn^  itiQueuoeij,  such  ad  the 
bkin,  is  largely  depcudeni  ou  the  ^up|Jly  of  Liuud  ;  llie  uiuro  ubnndant  the  supply 
ihe  warmer  the  part.  Hence,  in  the^j  parts  variations  in  the  quantity  of  blood 
may  be  inferred  from  variations  of  temperature;  but  in  dt^aliiifl;  with  more  active 
struciures  there  are  obviously  sources  of  error  in  the  possibility  of  the  treatment 
adopted,  i<uch  as  the  stimulatioQ  of  a  Dcrvc,  friving  rise  to  an  lacreaHe  of  tompera- 
ture  due  to  increased  tuctabolism.  independent  of  variationfi  in  blood-supply. 

Tiie  cjuanlity  of  blood  may  alm>  be  determined  by  the  plHliyamogrnph.  In  this 
instruineiil  u  part  of  the  body,  such  aj4  (he  arm,  is  introdneeJ  into  a  closed  cham- 
ber tilled  with  fluid,  ex.  gr.,  a  large  glass  tube,  the  opening  by  which  tlie  arm  is 
intrudued  being  secured  with  a  stout  caoutchouc  membrane.  An  increase  or 
decrease  of  blood  sent  intfl  ihe  arm  will  lead  to  an  increase  or  decreiwe  of  the 
volume  of  the  arm,  and  (his  will  make  irself  felt  by  an  increase  or  diminution  of 
pressure  in  the  fluid  uf  the  closed  chamber,  which  may  be  registered  and  meas- 
ured in  the  usual  way.  We  shall  have  to  speak  again  of  a  modification  of  ibia 
instrument  when  we  are  dealmx  with  the  kidney. 

So  far  the  results  are  quite  like  those  obtained  by  diviBion  and  stimulation 
of  the  cervical  aympathetic,  and  we  might  infer  that  the  sciatic  nerve  and 
brnchial  plexus  contain  vasn-constrietor  fibrc-s  for  the  vessels  of  the  skin  of  j 
the  hind-limb  and  fore  limb,  VHS'vdilator  fibres  being  absent.  But  8<^me-  I 
times  a  different  result  is  obtained ;  on  sliniiilating  the  divided  sciatic  nerve 
the  vessels  of  the  foot  are  not  constricted,  but  dilated — perhaps  widely  dilated. 
And  this  vaso-ditator  action  is  Hlmi«t  sure  to  be  niauilested  when  the  nerve 
is  divided,  and  the  peripheral  stump  stinuilflted  some  days  after  division,  by 
which  time  comrnenein;(  degeneration  has  begun  to  interfere  with  the  irrita- 
bility of  the  uurve.  For  example^  if  the  sciatic  be  divided,  and  some  days 
afterward,  by  which  time  the  Hushing  and  increased  temperature  of  the  foot 
following  upon  the  section  has  wholly  or  largely  pasaed  away,  the  peripheral 
stump  be  stimulated  with  an  interrupted  current,  a  renewed  flushing  and 
rise  of  temperature  is  the  result.  We  are  led  to  conclude  that  the  sciatic 
nerve  (and  the  same  holds  good  for  the  brachial  plexus)  contJiins  both  vaso- 
constrictor and  vaso-dilator  fibres,  and  to  interpret  the  varying  result  as  due 
to  variations  in  the  relative  irritability  of  the  two  sets  of  fibres.  The  con- 
strictor fibres  appear  to  predominate  in  these  nerves,  and  hence  constriction 
is  the  more  cuiiinmn  result  of  stimulation  ;  the  constrictor  fibres  also  apj^ear 
to  be  more  readily  aflccled  by  a  tcLanizing  currertt  than  the  dilator  fibres. 
Wlien  the  nerve  after  division  commences  to  ilegenerate,  the  constrictor 
fibres  lose  their  irritability  earlier  than  the  dilator  fibres, so  that  at  a  certain 
stage  a  stimulus,  such  as  the  interrupted  current,  while  it  fnils  to  affect  the 
constricttjr  fibres,  readily  throws  into  action  the  dilator  fibres.  The  latter, 
indeed,  in  contrast  to  ordinary  motor  nerves  (§88),  retain  their  irritability 
after  section  of  the  nerve  for  very  many  days.  The  result  is,  perhaps,  even 
still  nu>rc  striking  if  a  mechanical  sliiuuhis,  such  us  thai  of  "  crimping  *'  the 
nerve  by  repeated  snips  with  the  scissors,  be  employed.  Espoaure  to  a  low 
tem|)erature  again  seemM  to  ilepress  the  constrictors  tnore  than  the  dilators; 
hence,  when  the  leg  is  placed  in  icc-cold  water  stimulation  of  ihc  sciatic,  even 
when  the  nerve  has  been  but  recently  ilivided.  throws  the  dilator  only  into 
action  and  produces  Hushing  of  the  skin  with  blood.  Rhythmical  stimula- 
tion, moreover,  of  even  a  freshly  divided  nerve  produces  dilatation.  And 
there  are  other  facts  which  support  the  same  view  that  the  sciatic  nerve 
land  brachial  plexus)  contains  both  vas<>-constrictor  and  vasodilator  fibres 
which  are  differently  aliected  by  different  circumstances.  We  may  |>oint 
out  that  the  case  of  the  vagus  of  the  frog  is  a  very  analogous  one ;  in  it  are 
both  cardiac  inhibitory  (true  vagus)  and  cardiac  augnientor  (sympathetic) 
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fibres,  hut  the  former,  like  the  vaw-conetrictor  fibres  in  the  sciatic,  are 
pnr<li>minaDt,  and  special  iiiearie  itre  re<.[uired  to  show  the  presence  of  the 
laltcrr. 

Id  the  splanchnic  nerve  (abdominal  splanchnic)  which  supplies  fibres  to 
the  bloodvessels  of  so  large  a  part  of  the  abdominal  viscera,  there  is  abun- 
dant evidence  of  the  presence  of  va3<:i-conptrictor  fibres,  but  the  presence  of 
TmjH>-dilator  fibres  has  not  yet  been  shown.  Division  of  this  nerve  leads  to 
a  widening  of  the  bloodvessels  of  the  abiloriiinul  viscera — stimulation  of  the 
owe  to  a  constriction;  and,  us  we  shuU  »ee,  »ince  the  anioitiit  of  blood- 
▼CBela  thus  governed  by  this  nerve  is  very  large  indeed,  interference  either 
in  the  one  direction  or  the  other  with  its  vasomotor  functions  produces  very 
iiiiLrk«Hl  resulta,  not  onljoo  the  circulation  in  the  abdomen,  but  on  the  whole 
Taacolar  system. 

In  nerves  going  to  muscles  vaso^dilator  fibres  predominate;  indeed,  in 
these  the  presenoe  of  any  vaao-conAtrictor  fibres  at  all  has  not  at  pre^nt  been 
aalisfactorily  established.  When  a  muscle  contracts  there  is  always  an 
iacTMSed  ilow  of  bhxid  through  the  muscle;  this  may  be  in  part  a  mere 
mecbanicad  result  of  the  change  of  form,  the  shortening  and  thickening  of 
the  fibres  opening  out  the  minute  bloodvessels,  but  is  not  wholly,  and  prob- 
ably not  even  largely,  thus  produced.  A  notable  feature  of  vasomotor 
flbre»  is  that,  in  very  many  ca-ses  at  all  events,  their  action  is  not  affected  by 
ur  moderate  doses  of  urari  such  aa  render  the  motur  nerves  of  striated 
c  powerless.  Thu.^.  in  a  frog  placed  under  the  infiueuee  of  a  moderate 
■mouot  of  urari,  stimulation  of  a  nerve  going  to  a  muscle  will  prtnluce 
v«aoinot4»r  eflerls  unaccompanied  and  nnobscurefi  by  any  contraction  of  the 
ltrmte«l  tibres.  By  placing  a  thin  muscle  of  a  frog,  such  as  the  mylo-hyoid, 
nnder  the  niicroscope,  and  watching  the  oatlbre  of  the  small  arteries  and  the 
drcutation  of  the  blood  through  them  while  the  nerve  is  being  stimulated,  the 
lua  of  the  bloodvessels  as  the  result  of  the  stimulation  may  be  actuallv 
This  experiment  appears  not  to  succeed  in  a  mammal;  and  it  hu8 
suggested  that  when  a  muscle  contracts  some  of  the  chemical  ppMlucts 
the  metabolism  of  the  muscle  may.  by  direct  action  on  the  minute  blooil- 
TtaKls  apart  from  any  nervous  agency,  lead  to  a  widening  of  tht^ise  blood- 
Tcasels;  this,  however,  is  doubtful.  With  regard  to  the  vasD-constrictor  fibres, 
OuIt  evidence  that  they  exist  in  muscles  is  that  when  the  nerve  of  a 
e  is  divided  the  blofxtvessels  of  the  muscle  widen,  somewhat  like  blood- 
of  the  ear  aller  division  of  the  cervical  sympathetic.  This  sugt;cst8 
pwamce  of  vaso  constrictor  fibres  carrying  the  kind  of  influence  which 
called  tonic,  leading  to  an  habitual  moderate  constriction;  it  cannut, 
boaever,  be  reganled  by  itself  as  conclusive  evidence;  but  we  must  not 
diMUfls  the  matter  here. 

Speaking  generally,  then,  most  if  not  all  the  arteries  of  the  body  are  sup- 

pli«rl  with  vasomotor  fibres  running  in  this  or  that  nerve,  the  fibres  being 

*  '  er  vaso-constrictor  or  vai*o-dilator,  and  some  nerves  containing  one  kind 

fibres  <mly.  some  both  in  varying  proportion.     Almost  every  nerve  in  the 

tvodj,  therefore,  may  be  li>oked  upon  as  influencing  a  certain  set  of  blood- 

;l«.  OS  governing  a  vascular  area,  the  area  being  large  or  small,  and  the 

government  being  exclusively  constrictor  or  exclusively  dilator,  or  mixed. 


we 
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The  Oourae  of  VoM-cotutrietor  and  Vaao^ilator  Fihren, 


$  160.  Both  the  vaso-constrictor  and  the  vaso-dilator  fibres  have  their  origin 
in  the  orntntl  nervous  svstem.  the  spinal  cord,  or  the  brain,  but  the  course  of 
the  two  sets  ap|)ears  to  be  very  dillerent. 
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In  the  iiiatumal^  as  tar  as  we  kuuw  at  preaeut^  all  the  vasocoDstrictor 
fibres  for  ihe  whoio  body  tflke  their  origin  in  the  middle  region  of  the  spinal 
coni,  or  rather  leave  the  spinal  cord  by  the  nerves  belonging  to  this  middle 
region.  Thus  in  the  dog  the  vflso-conslrictor  tibres,  not  only  for  the  trunk 
but  for  the  limbs,  head,  face,  and  tail,  leave  the  spinal  cord  by  the  anterior 
root^  of  the  apiual  nerves  reaching  from  about  the  second  dorsal  to  the  seci^ud 
lumbar  nerve,  both  inclusive.  Running  in  the  case  of  each  nerve  root  to 
the  mixed  nerve  trunk  they  |>ass  alnug  the  visoeml  branch,  white  ramus 
coiumunicans.  to  the  chain  of  sphinclinic  ganglia  lying  in  the  thorax  and 
abdomen — the  so-called  thoracic  and  abdomiiml  sympathetic  chain  (Fig.  97). 
From  these  ganglia  they  reach  their  deslitmliou  in  various  ways.  Thus. 
those  going  to  the  bend  and  neck  pass  upward  through  the  annulus  of 
Vieussens  to  the  h>wer  cervical  ganglion,  and  thence,  as  we  have  seen,  up 
the  cervical  symtmtlietic.  Those  for  the  abdominal  viscera  pass  off  in  a 
similar  way  to  the  abdominal  splanchnic  nerves,  Fig.  07,  abd.  npi.  Those 
deytiued  for  the  arm  take  their  way  by  the  recurrent  fibres  (gray  rami  cora- 
muuicantes)  (Fig.  45,  r.  v.),  and  so  reach  the  nerves  of  the  brachial  plexus; 
while  those  for  the  hind  leg  ]>ass  in  a  similar  way  through  some  portion  of 
the  abdominal  aympathelic  before  they  join  the  nerves  of  the  sciatic  plexus. 
And  the  constrictor  fibres  of  the  skin  of  the  trunk  probably  reach  the  spinal 
nerves  in  which  ihey  ultimately  run  in  a  similar  manner.  All  the  vaso- 
constrictor tibres,  whatever  their  deatinatiou,  leave  the  spinal  cord  by  the 
anterior  roots  of  spinal  nerves,  and  then  pas^^ing  through  the  appropriate 
viscerul  branches,  join  the  thoracic  or  ahdomirial  chain  of  splanchnic  ganglia. 
In  these  ganglia  the  fibres  undergo  a  remarkable  change.  Along  the  anterior 
root  and  along  the  visceral  branch  they  are  medullated  hbrea,  but  long  before 
they  reacli  the  bloodve&jels  for  which  they  are  destined  they  become  nou- 
njedullated  fibres;  they  aj)pear  to  lose  their  itiedulla  in  the  system  of 
sfilunchnic  ganglia.  Wc  may  add  that  in  the  anterior  roots  and  along  the 
visceral  branche**,  white  rami  cotnmunicantes,  these  tibres  are  invariably  of 
small  diameter,  not  more  than  l.M  /(  to  SJi  //. 

§  170.  The  course  of  the  vaso-dilator  fibres  appears  to  be  a  wholly  different 
one,  though  the  detail:?  have  as  yet  been  fully  worked  out  in  the  case  oC  few 
of  the  fibres  only.  It  is  chiefly  in  the  nerves  belonging  to  the  cranial  and 
sacral  regions  of  the  central  nervous  system  whence,  as  we  have  seen,  no 
vaso-coustrictor  fibres  are  known  to  issue,  (hnt  the  course  of  the  vaso-dilaU>r 
fibres  has  been  aiicceasfully  traced.  Thus  the  vaso-dilator  fibres  for  the  sub- 
maxillary glatid  running  in  the  chorda  tympani  may  be  traced,  as  we  have 
seen,  hack  to  the  facial  or  seventh  nerve;  and  the  continuation  of  the  chorda 
tympani  along  the  lingual  nerve  to  the  tongue  contains  vaso-dilator  tibres 
ior  that  organ  ;  when  the  lingual  is  atijoulated,  the  bloodves.<»els  of  the  rongne 
dilate  owing  to  the  .stimulation  of  the  conjoined  chorda  tympani  fibres.  The 
ramus  lympauicus  of  the  glaseupharyugeal  nerve  contains  vaso-dilator  fibres 
for  the  parotid  gland,  an<l  it  appears  probable  thiit  the  trigeminal  nerve 
contain.^  vasodilator  fibres  for  the  eye  and  nose  aud  possibly  for  other  part«. 
In  the  ant(»rlor  roois  of  the  second  and  third  sacral  nerves  run  vaso-dilator 
fibres  which  pass  into  the  so-called  nervi  erlcfenteji^  the  nerves,  stimulation  of 
which,  by  leading  to  u  widening  of  the  arteries  of  the  peuis,  brings  about 
the  erection  of  that  organ,  the  efiect  being  assisted  by  a  simultaneous  hind- 
rance to  tlie  venous  outfiow.  Though  vaso-dilator  fibres  are,  as  we  have 
Been,  present  in  the  nerves  of  the  limbs,  aud  probably  also  in  those  of  the 
trunk,  the  investigation  of  their  several  paths  is  rendered  very  difficult  bv 
the  c*oncomitHnt  presence  of  vaso- constrictor  fibres.  There  are  84>me  reason.s 
for  thinking  that  the  vasodilator  fibrcB  in  these  nerves  pursue  a  direct  course 
from  the  spinal  cord  through  the  anterior  spinal  roots,  and  thus  afiord  a 
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itrut  with  the  constrictor  fibres  of  the  same  nerves,  which,  as  we  have 
I,  take  a  rouudaboul  cnurso,  poasing  into  the  eplanehnic  system,  before 
join  the  nerve  trunk.  Our  infurraation,  however,  is  too  imperfect  to 
[sUow  any  very  jHwiiive  statement  to  he  made.  Accepting  this  view,  how- 
•r,  we  may  say  that  while  all  the  vasoconstrictor  fibres,  as  far  as  we 
koow,  cume  from  a  particular,  though  cousiderablep  part  of  the  spinal  cord 
■nd  pias  into  the  splancbnic  system  on  their  way  to  their  several  destina- 
tiooa,  the  vaito-dilator  fibres  arite  from  all  parts  of  the  spinal  cord  as  well 
■0  from  llie  medulla  ublonj^ta,  and  pui-sue  a  m(»re  or  less  direct  course  to 
their  destination. 

Further,  while  the  vaso-dilator  fibres,  as  they  leave  the  central  nervous 
rBjratem,  are,  like  the  vnso  constrictor  fibres,  fine  medullated  fibres,  unlike  the 
TaM>-constnctors  they  retain  their  medulla  for  the  greater  part  of  their 
Coone,  and  only  loee  it  near  their  termination  in  the  tissue  whose  blood- 
meU  they  supply. 

LaiFtly,  while  the  vago-couslrictor  fibres,  as  in  the  case  (tf  the  cervical 
•yiDpallietic.  of  the  abdoniinni  splanchnic,  and  of  the  nerves  of  the  skin, 
and  probably  in  all  cases,  are  normally  in  a  state  of  moderate  activity  (so 
h>uff  as  they  remain  in  connection  with  the  central  nervous  system),  the 
tttodemte  activity  maintaining  that  moderate  constriction  which  we  spoke  of 
abov«  »a  *'  tone,"  the  va^fx-ditators  appear  to  possess  uo  such  continued 
■ctiTity.  Section  of  vasoconstrictor  Hbrea  leads  to  loss  of  tone,  diminution 
<>f  cotistrictioD,  lasting,  as  we  shall  see,  for  some  considerable  time;  but 
•Ktion  of  vasodilators,  according  at  all  events  to  must  ubservers,  di>e8  not 
lead  to  analogous  constriction  or  diminution  of  dilatation  ;  all  that  is  observed 
i»  a  transient  increase  of  dilatation  due  probably  to  the  section  acting  as  a 
tmuieot  stimulus  to  the  nerve  at  the  place  of  section.  But  before  we  study 
the  oae  maile  by  the  central  nervous  system  of  vasomotor  nerves,  it  will  t>e 
hot  to  consider  briefly  some  features  of 
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S  171.  A  very  little  consideration  will  show  that  vasomotor  action  is  a 
imp«>rtaut  factor  in  the  circulation.  In  the  first  place  the  whole  flow 
of  bkHxl  in  the  body  is  adapted  to  and  governed  by  what  we  may  call  the 
ftmrrai  innr  of  the  arteries  of  the  bcwly  at  large.  In  a  normal  condition 
of  tbe  h»yAy  a  very  large  number  of  the  minute  arteriea  of  the  body  are  in 
ft  aljitc  of  tonic,  «*.  «.,  of  mmlerate,  <*(mtraction.  and  it  i^i  tiie  narrowing  due  to 
thii  contrnctinn  which  forms  a  large  item  of  that  jx'ripheral  resistance  which 
have  peen  to  be  one  of  the  great  factors  of  blood-pressure.  The  normal 
M»l  blood -pressure,  and,  therefore,  the  normal  How  of  blood,  is  in  fact 
ident  «>n  tbe  "general  tone"  of  the  minute  arteries. 
tbe  second  place  local  vasomotor  changes  in  the  condition  of  the  minute 
arterio».  changes,  i'.  <■.,  of  any  particular  vascular  area,  have  very  decided 
iCftdB  on  tbe  circulation.  These  changes,  thntigli  local  ihemsolvev.  may 
Imts  effects  which  are  both  local  and  general,  i\»  the  following  considerations 
will  »how : 

Lei  ne  Bup|Mjc^  that  the  artery  A  is  in  a  condition  of  normal  tone,  is  mid- 
way between  extreme  constriction  :ind  dilatation.  The  How  through  A  is 
determined  by  the  resistance  in  A.  and  in  the  vascular  tract  which  it  sup- 
pl»cfl,  in  relation  to  the  mean  arterial  pressure,  which  again  is  dependent  on 
the  way  In  which  thu  heart  i.-*  Ix^ating  and  on  the  peripheral  resistance  of 
all  the  iimall  ariericM  and  mpillarieH.  .4  inclu<]ed.  If,  while  the  heart  and 
lb*  rest  uf  the  arteries  remain  unchanged,  .-1  be  constricted,  the  peripheral 
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resiatance  in  A  will  increiise,  and  this  iiicreaae  of  resistance  will  leAd  to  ai 
iucreaae  of  the  general  arterial  pressure.  Since,  as  we  have  seen,  §  119,  it 
is  arterial  pressure  whirh  is  the  iimneiiiate  caust^  of  the  flow  from  the  arteries 
to  the  veins,  this  increase  of  arterial  pressure  will  tend  to  drive  more  bltK>d 
from  the  arteries  into  the  veius.  The  eonatru'tion  of  A,  however,  by  in- 
creasing the  resistance,  opposes  any  increase  of  the  flow  through  A  itself,  in 
fact  will  make  the  How  through  A  less  than  before.  The  whole  increase  of 
discharge  from  the  arterial  into  the  venous  system  will  t-ake  place  through 
the  arteries  in  which  the  resistance  remains  unchanged,  that  is,  through 
channuU  other  than  A.  Thus,  as  the  result  of  the  constriction  of  any  artery 
there  occur  (1)  dimiiiifthed  flow  through  the  artery  itself,  (2)  increased  gen- 
eral arterial  pressure,  leadin^f  to  (3)  increased  flow  through  the  other  arteries. 
If, on  the  other  hand.  A  be  dilateil,  while  the  heart  and  other  arteries  remain 
unchanged,  the  peripheral  resistance  in  A  is  diminished.  This  leads  to  a 
lowering  of  the  general  arterial  pressure,  which  in  turn  tends  to  drive  lesa 
blood  from  the  arteries  ini<i  lite  v*.'ins.  The  dijntaiion  of  A,  however,  by 
dimiuiahing  the  resistance,  pptniits,  even  with  the  lowered  pressiire,  more 
blood  to  pass  thnnigh  A  itself  Chan  before.  Hetice  the  diminishe<i  fliiw  tells 
all  the  more  nn  the  rest  of  the  arteries  in  which  the  rt^istunoe  remains 
unchangeil.  Thus,  aa  the  resuk  of  the  dilatation  of  any  artery,  there  occur 
(1)  increased  flow  of  biood  through  the  artorv  itself,  {'2)  diminished  general 
pressure,  and  ^3)  diminished  (low  through  the  other  arteries.  Where  the 
artery  thus  contitriclcil  or  dilate<l  is  small,  the  local  effect,  the  diminution  or 
increase  of  flt>w  through  itsflf,  is  much  more  marked  than  the  general  eflects, 
the  change  in  blood  pressure  and  the  How  tlirough  other  arteries.  When, 
however,  the  area,  the  arteries  nf  which  are  aH'ected,  is  large,  the  general 
effects  are  very  striking.  Thus  if  while  a  tracing  of  the  blood-pressure  is 
being  taken  by  means  of  a  manometer  connected  with  the  carotid  artery, 
the  abdominal  splanchnic  nerves  be  divided,  a  conspicuous  but  steady  fall 
of  pressure  is  observed,  very  simihir  to  but  more  marked  lh:in  that  which  is 
seen  in  Fig.  99.  The  section  nf  the  abdiMuinal  splanchnic  nerves  causes 
the  mesenteric  and  other  abdominal  arteries  In  dilate,  and  these  being  very 
numerous,  a  large  anumnt  ol'  peripheral  retiisiance  is  tfiken  away,  and  the 
blood- pretisu re  falls  ncconiingly  ;  a  large  ittcrease  of  flow  into  the  portal 
veius  takes  place,  and  the  supply  of  bloofi  to  the  face,  arms,  and  legs  is  pro- 
portionally diminirthed.  It  will  be  observed  that  the  dilatation  of  the  arteries 
tfi  not  instantaneous  hut  s^jtuewbat  gradual,  as  shown  by  the  pressure  sinking 
not  abruptly  but  with  a  gentle  curve. 

The  general  eflecls  on  blood-pressuro  by  vasomotor  changes  are  so  marked 
that  the  manometer  nmy  be  used  to  delect  vasomotor  actions.  Thus,  if  the 
stimulation  of  a  particular  nerve  or  any  other  o|>eration  leads  to  a  marked 
rise  of  the  mean  blood-pressure^  unaccompanied  by  any  changes  in  the  heart- 
beat, we  may  infer  that  constriction  has  taken  place  in  the  arteries  of  WMne 
considerable  vascular  area;  and  similarly,  if  the  effect  be  a  fall  of  blood- 
presaure,  we  may  infer  that  constriction  has  given  way  to  dilatation. 


Vasovtotor  Functions  of  the  Central  Nervous  Stfmtem. 

§  172.  The  central  nervous  system,  to  which  we  have  trace<l  the  vasomotor 
nerves,  makes  use  of  these  nerves  U)  regulate  the  flow  of  blood  through  the 
various  organs  and  parts  of  the  body;  by  the  local  effects  thus  proiiueed  it 
assists  or  otherwise  influences  the  functional  activity  of  this  or  that  tissue  ;  by 
the  general  eflecta  it  secures  the  well-being  of  the  body. 

The  use  of  the  vasodilator  nerves,  which  is  more  simple  than  that  of  the 


VASOMOTOR    ACTIONS. 


•277 


cxtnstrictora  aince  it  appears  not  to  be  complicated  by  the  presence  of 
Iwbitua]  tonic  influences,  is  frequently  conspicuous  as  part  of  a  reflex  act, 
TbiM,  wbeo  food  is  placed  in  the  mouth,  afierent  impulact*,  generated  in  the 
nervw  of  taste,  give  rise  in  the  central  nervous  system  lo  efferent  impulse*. 
which  descend  the  chorda  tvmpani  and  other  nerves  lo  the  galivarv  glands, 
asd,  by  dilating  the  bloodvessels,  secure  a  copious  tlow  of  blood  through  the 
gUmda,  while,  as  we  nhall  :»ee  later  on,  they  excite  ihern  to  secrete.  The 
centre  of  this  reflex  action  appear;^  to  lie  in  the  medulla  oblongata,  and  may 
be  thrown  inUt  activity  not  nnly  by  impulses  reaching  it  along  the  speciflc 
nervee  of  tadte,  but  also  by  impulses  passing  aloug  other  channels;  thus, 
emationt«  started  in  the  bndn  by  the  sight  of  food  or  otherwise  may  give  rise 
to  injpul!*es  passing  down  along  the  central  nervous  system  itself  to  the 
iDcdulla  (iblongatA,  (»r  events  in  the  stomach  may  scud  impulses  up  the  vagus 
nerve,  or  stimulation  of  one  kind  or  another  may  send  impulses  up  almost 
any  «*ntienl  nerve,  and  these  various  impulses  reaching  the  medulla  may.  by 
reflex  action,  throw  into  activity  the  vaso-dilator  fibres  of  the  chonia  tympani 
and  other  analogous  nerves,  and  bring  about  a  flushing  of  the  s^alivary  glands, 
while  at  the  same  time  they  cause  the  glands  to  secrete. 

The  vaao-dilator  fibres  of  the  nervi  erigentes  may  be  thrown  into  activity 
ID  A  similar  reflex  way,  the  centre  in  this  case  being  placet!  in  the  lumbar  or 
lower  dorsal  portion  of  the  spinal  cord,  though  it  is  easily  thrown  into  activity 
by  impulses  descending  down  the  spinal  a')rd  from  the  brain  ;  that  such  a 
oeDtre  does  exist,  la  shuwn  by  the  fact  that  when  in  a  dog  the  spinal  cord  is 
oompleCely  divide*!  in  the  dorsal  region,  erection  ot  the  penis  may  readily  be 
broogbt  about  by  stimulation  of  the  sentient  surfaces.  And  other  instances 
might  be  quoted  in  which  vaso-dilator  fibres  appear  to  he  connected  with  a 
"centre"  soon  after  their  entnmce  into  the  nervons  system. 

If,  as  seems  probable  ($  167),  the  bhuxivcsaels  of  a  muscle  dilate  by  vaso- 
BciCor  action  whenever  the  muscle  is  thrown  into  contraction,  either  in  a 
reflex  or  voluntary  movement,  the  va*o-dilator  fibres  of  the  niuscie  would 
•eem  to  be  thrown  inut  action  by  impulses  arising  in  the  spinal  cord  not  far 
from  the  origin  of  the  ordinary  motor  impulses,  and  accompanying  those 
Motor  impulses  along  the  motor  nerve. 

J  173,  The  cAseof  the  vaso-constrictor  fibres  is  somewhat  more  complicated, 
OS  Moount  of  the  existence  of  tonic  influences  ;  since  the  same  fibres  may.  on 
the  one  band,  by  an  increase  in  the  impul-ies  passing  along  them,  be  the 
meant  of  erinstriction,  and,  on  the  other  hand,  by  the  removal  or  diminution 
of  the  tonic  influences  pnssing  along  them,  be  the  means  of  dilatation.  We 
have  already  traced  all  the  vaso-constrictor  fibres  from  the  middle  region  of 
the  spinal  cord  to  the  splanchnic  system  in  the  thorax  and  abdomen,  from 
whence  they  peas  (1)  by  the  abdominal  splanchnic  and  by  the  hypogastric 
nervns  to  the  viscera  of  the  abdomen  and  pelvis  (concerning  the  vasomotor 
nerves  uf  the  thoracic  viscera  we  know  at  present  very  little);  (2)  by  the 
oamcal  sympathetic  or  cervical  splanchnic,  as  it  might  be  called,  to  the  skin 
of  the  bead  and  neck,  the  saliviiry  ^'^lands  and  mouth,  the  eyes  and  other 
parts,  and  pn>bal)ly  the  brain,  inchnling  it-s  membmnes ;  (.S)  by  the  brachial 
and  sciatic  plexuse«  to  the  skin  «)f  the  fore-  and  hinddimbs,  and  by  various 
other  nerves  to  the  skin  of  the  trunk.  The  chief  parts  of  the  body  supplied 
by  ▼aeo-constricU^r  fibre^^  appear  to  lie  the  skin,  with  its  appendages,  and  the 
alimentary  canul,  with  Ua  njipendn>::e8.  glandular  and  other;  the  great  mass 
of  skeJotal  muscles  appears  to  receive  an  insignificant  supply  of  vaso-con- 
strictur  fibree.  if  any  at  all. 

If.  now,  in  an  animal,  the  spinal  cord  be  divided  in  the  lower  dorsal  region, 
the  skin  of  the  legs  becomes  flushed,  their  temperature  fref]uently  rises*  and 
there  is  a  certain  amount  of  fall  in  the  general  blood -proesu re  as  measured. 
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for  infltance^  in  the  carotid  ;  ninl  this  stale  of  thiuRS  may  last  for  some  con- 
siderable time.  Obvioysly,  the  section  of  the  spinal  cord  has  cut  off  the 
usual  tonic  Influences  de*cendinjj  to  the  lower  limhB;  in  consequence  the 
bloodvessels  have  become  dilated,  in  consequence  the  general  peripheral 
resistance  hns  become  proportionately  dimiuishcd.  and  in  consequence  the 
genera]  blood-|)rGssure  has  fallen.  The  t^mic  vaao  constrictor  impulses  for 
the  lower  limbs,  therefore*  biive  their  origin  in  the  central  nervous  system 
higher  »p  tlmn  the  lower  dorsal  region  of  the  spinal  cord. 

If  the  spinal  cord  be  divided  between  the  routs  of  the  fii\h  and  sixth  dorsal 
nerves  (that  is  to  say,  at  the  levol  where  the  path  of  the  splanchnic  fibres 
from  the  cord  seems  to  divide— see  Fig.  dl — those  issuing  above  passing 
upward  to  the  fore-limbs  and  head*  and  those  issuing  below  passing  to  the 
abdimien  and  lower  limbs),  the  cutaneous  bloodvessels  of  the  lower  limbs 
dilate,  as  in  the  fnrnier  case,  and  on  examination  it  will  be  found  that  the 
bloods'essels  of  the  abdomen  are  also  largely  dilated ;  at  the  same  time  the 
blood-pressure  undergoes  a  very  marked  fall ;  it  may,  indeed.  I>e  reduced  to 
a  very  few  millimetres  of  mercury.  Obviously,  the  tonic  vaso-eonstrictor 
impulses  passing  to  the  abdomen  and  to  the  lower  limbs  take  origin  in  the 
central  nervous  system  higher  up  than  the  level  of  the  fifth  dorsal  nerve. 

If  the  section  of  the  spinal  cord  be  made  above  the  level  of  the  second  dorsal 
nerve,  in  addition  to  the  above-mentioned  results  the  vessels  of  the  head  and 
face  also  become  dilated  ;  but,  in  consequence  of  the  (all  of  general  blood- 
presBure  just  mentioned,  (be.=e  vessels  never  become  so  full  of  blwMi,  the  loss  of 
tone  b  not  so  obvious  in  them  as  after  simple  division  of  the  cervical  sympa- 
thetic, since  the  latter  operation  produces  little  or  no  effect  oc  the  general 
blood-pressure. 

Obviously,  then,  the  tonic  vaso-coDBlrictor  impulses,  which  passing  to  the 
skin  nnd  viscera  of  the  body  maintain  thai  tonic  narrowing  of  so  many  small 
arteries  by  which  the  general  ifcripheral  resistance,  and  so  the  general  bhx)d- 
pressure.  is  maintained,  proceed  from  some  part  of  the  central  nervous 
system  higher  up  than  the  upper  dorsal  region  of  the  spinal  cord.  And, 
UDGc  exactlv  the  same  results  folliiw  upon  stH'tion  of  the  spinal  cord  in  the 
cervical  region  right  up  to  the  l()\ver  limit  of  the  medulla  oblongata,  we  infer 
that  these  tonic  ittqjulses  [proceed  from  tfie  meduUa  oblongata. 

On  the  other  hand,  we  may  remove  the  whole  of  the  brain  right  down  to 
the  upper  parts  of  the  medulla^  and  yet  produce  no  Hushing,  or  only  a  slight 
iransient  flushing,  of  any  part  oi"  the  body,  and  no  fall  at  all,  or  tmly  a  slight 
transient  fall,  of  the  general  bhtod  pressure.  We,  therefore,  seem  justified  in 
assuming  the  existence  in  the  medulla  oblongata  of  a  nen'oua  centre,  which 
we  may  s[>eak  of  as  a  I'aj^omofor  reutrr,  or  the  nuduflanj  vajnomohr  centre,  from 
which  firoeeed  tonic  vasoconstrictor  impulses,  or  which  regulates  the  emissiou 
and  distribution  of  such  tonic  vaso- constrictor  impulses  or  influences  over 
various  parts  of  the  body. 

§  174.  The  existence  of  this  vasomotor  centre  may,  moreover,  be  shown  in 
another  way.  The  extent  or  amount  of  the  tonic  constrictor  impulses  pro- 
ceeding from  it  may  he  increased  or  diminished,  the  activity  of  the  centre 
may  be  augmented  or  inhibited,  by  imptdsea  reaching  it  along  various  afferent 
nerves;  and  provided  no  marked  changes  in  the  heart-beat  take  place  at  the 
same  time,  a  rise  or  fall  of  general  blood- pressure  may  be  taken  as  a  token  of 
an  increase  or  decrease  of  the  activity  of  the  centre. 

In  the  nihbit  there  ia  found  iu  the  neck,  lying  side  by  side  with  the  cervical 
sympathetic  nerve  and  running  for  some  distance  in  company  with  it,  a 
slender  nerve  which  may  be  ultimately  traced  down  to  the  heart,  and  which 
if  traced  upward  is  found  to  come  off  somewhat  high  up  from  the  vagus,  by 
two  or  more  roots,  one  of  which  is  generally  a  branch  of  the  auj>erior  laryu- 
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gat}  nerve.  This  nerve  (the  tibrea  eori^ituling  which  are,  iu  the  dog,  bound 
Dp  with  the  vagus  and  do  not  form  ati  independent  nerve)  apfXMirs  to  be 
exclusively  an  arterent  nerve  ;  when,  after  division  of  the  nerve  the  peripherui 
end,  the  end  still  in  connecliun  with  tlie  heart,  is  stimulated,  no  marked 
re»ulU!  follow.  The  beginnings  of  the  nerve  in  the  heart  are  therefore  tjuite 
different  from  the  endings  «1  the  inhibitory  fibres  of  the  vagus,  or  of  the 
augmentor  tibra^  of  the  splnnuhnic  (sym(>athetic)  system ;  the  nerve  has 
ouUiiog  to  do  with  the  nervous  regulation  of  the  heart  (see  pp.  240  ei  meq.), 
If^  DOW,  while  the  pressure  in  an  artery  such  as  the  carotid  is  being  registered, 
the  central  end  of  the  nerve — i.  e.,  the  one  connected  with  the  brain — be 
stimulated  with  the  interrupted  current,  a  gradual  but  marked  fall  of  pres- 
sure (Fig.  ^)  in  the  carotid  id  observed,  lasting,  when  the  period  of  atirau- 
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Iatir»n  is  short,  some  time  after  the  removal  of  the  stimulus.  Since  the  beat 
of  the  heart  is  not  marke<lly  changed,  the  tall  of  pressure  must  be  due  to  the 
diminution  of  peripheral  resistance  occasioned  by  the  dilatation  of  some 
■Tteried.  And  it  is  probable  that  the  arteries  thus  dilated  are  chiefly,  if  not 
exclusively,  those  arteries  of  the  abdominal  viscera  which  are  govemeil  bv 
the  abdominal  splanchnic  nerves;  for  if  these  nerves  arc  divided  on  botli 
■idei  previous  to  the  experiment,  the  fell  of  pressure  when  the  nerve  is  stirau* 
latod  18  very  small — in  fact,  almost  insignificant.  The  inference  we  draw  is 
••  follows:  TheaflTerent  impulses,  passing  upward  along  the  nerve  in  question, 
Imitc  Sit  atfectetl  some  part  of  the  central  nervous  system  that  the  infltienceH 
which»  in  a  normal  condition  of  thin^,  passing  along  the  abdominal 
»planchnic  nerves  keep  the  minute  arteries  of  the  abdominal  viscera  in  a 
atale  of  mi^derate  tonic  oonntriction,  fail  altogether,  and  those  arteries  in  con- 
•equeoce  dilate  just  as  they  do  when  the  abdominal  splanchnic  nerves  are 
divided,  the  eftect  being  possibly  increased  by  the  similar  dilatation  of  other 
weular  areas.  Since  stimulation  of  the  nerve  of  which  we  are  speaking 
ftlways  prtjduces  a  fall,  never  a  rise  of  bloocl-preseure — the  amount  of  fall,  of 
oourae,  being  dependent  on  circumstances,  such  as  the  condition  of  the  ner- 
vous system,  state  of  blood- pressure,  etc. — the  nerve  is  known  by  the  name 
nf  the  depressor  nerve.  As  we  shall  point  out  later  on,  by  means  of  tbis 
ftflercnt  nervo  from  the  heart  the  peripheral  resistance  i^  in  the  living  body, 
lowered  to  suit  the  weakened  powers  of  a  laboring  heart. 

This  gradual  lowering  of  blood-pressure  by  diminution  of  peripheral  renst- 
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aDce  affords  a  marked  contrast  to  the  sudden  lowering  of  blood-pressure  by 
cardiac  inhiLitiun  ;  rompare  Fig.  99  willi  Fig.  95. 

§  175.  But  ihe  general  blood-pressure  may  be  modified  by  aflfereut  impuUcs 
pasdiug  along  other  nerves  than  die  depressor,  the  modification  taking  on, 
according  t(»  oircnnistaiicpfl,  the  form  either  of  decrease  or  of  increase. 

Thus,  if  in  an  animal  placed  under  the  influence  of  urari  'some  auiesthetic 
other  than  chloral,  etc.,  being  used)  tf)e  central  auinip  of  the  divided  sciatic 
ner\'e  be  stimulated,  an  increase  of  blood-pressure  (,Fig.  100}  almost  exactly 
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the  reverse  of  the  decrease  brought  about  by  stimulating  the  depressor,  is 
observed.  The  curve  of  the  blood-pressure,  after  a  Intent  period  during 
which  no  changes  are  visible,  rises  steadily  without  any  corresponding 
change  in  the  heart's  beat,  reaches  a  maxiniutn,  and  after  u  while  slowlv  falls 
again,  the  fall  sometimes  beginning  to  apjiear  before  the  stinutliis  has  been 
removed.  There  can  be  no  doubt  that  the  rise  of  pressure  is  due  to  the 
constriction  of  certain  arteries? ;  the  arteries  in  <]uestion  being  those  of  the 
abdominal  splanchnic  area  certainly,  and  possibly  those  of  other  vascular 
areas  as  well.  The  eflect  ia  not  confined  to  the  sciatic;  stimulation  of  anv 
nerve  containing  afferent  fibres  may  produce  the  same  rise  of  pressure,  and 
Sf)  constant  is  the  result  that  the  experiment  has  been  made  UBe  of  as  a 
method  of  determining  the  existence  of  aHerent  fibres  in  any  given  nerve 
and  even  the  paths  of  centripetal  impulses  through  the  spinal  cord. 

W,  on  the  other  hand,  the  animal  bu  under  the  lutluence  not  of  urari  bul 
of  a  large  dijse  of  chloral,  inst-ead  of  a  rise  of  blood-pressure,  a  fall,  quit« 
similar  to  that  caut^ed  by  stimulating  the  depressor,  is  observed  when  an 
afferent  nerve  is  stiniuhtted.  The  condition  of  the  central  nervous  avstera 
seems  to  determine  whether  the  etfeit  of  atlerent  impulses  on  the  central 
nervous  system  is  one  leading  to  an  nnguieuliiiion  of  vaso-c(mstrictor  impulses 
and  so  to  a  rise,  or  ntie  leading  to  a  diminution  of  vaso- constrictor  impulses 
and  so  to  a  fall  of  blood  pressure. 

§  176.  We  have  used  tne  words  "central  nervous  system"  in  speaking  of 
the  above;  we  have  evidence,  however,  that  the  part  of  the  central  nervous 
system  acted  on  by  thi;  atlerent  impulses  is  the  vasomotor  centre  in  the 
medulla  oblongata,  and  that  the  effects  In  the  way  of  diminution  (depressor) 
or  of  augnienlatiun  (pressor)  are  the  reeulte  of  aflerent  impulses  inhibiting  or 
augmenting  the  tonic  activity  of  this  centre  or  of  a  part  of  this  centre  espe- 
cially connected  with  abdominal  splanchnic  nerves.  The  whole  brain  may 
be  removed  right  down  to  the  medulla  oblongata,  and  yet  the  effects  of  stimu- 
lation in  the  direction  either  of  diminution  or  of  augmentation  may  still  be 
brought  about.  If  the  medulla  oblongata  be  removed,  these  effects  vanish 
too,  though  all  the  rest  of  the  nervous  system  be  left  intact.  Nay,  more,  bv 
parlialiv  inlerftriiig  with  the  medulla  oblongata,  we  may  partially  diniinisL 
these  efleclH  and  thus  mark  out,  so  to  speak,  the  limits  of  the  centre  in  ques- 
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within  the  nietiu)lH  itself.  Thus,  in  an  intact  aniniHl  under  iirari.  stimu- 
latioD  of  ihc  sciatic  nerve  with  a  stiraulna  of  a  certain  strength  will  i>rf>(iuce 
nBe  of  blood-pressure  up  to  a  certain  extent.  After  removal  of  the  whole 
brain  right  down  to  the  luedulta  ublongata,  the  8ttme  stimulation  will  prmluce 
the  same  rise  ta  before;  the  vasomotor  centre  has  not  been  interfered  with. 
IMreetly,  however,  in  proceeding  downward,  the  region  of  the  centre  in  tiuee- 
tioo  is  reacheii,  stimulation  of  the  seialic  produces  lesfl  and  los^  rise,  until  at 
lafft  wh«D  the  lower  limit  of  the  centre  is  arrived  at  no  effect  at  all  on  blood- 
prewurc  can  be  produced  by  even  stron^r  8tiraulati<m  of  the  sciatic  or  other 
ferent  nerve.     In  this  way  the  lower  limit  of  the  medullary  vasomotor 

inntre  has  been  determined  iu  the  rabbit  at  a  horizontal  line  drawn  about 
4  or  5  mm.  above  the  point  of  the  calamus  scriptoriuB,  and  the  upper  limit 
at  about  4  ram.  higher  up — i.  e.,  about  1  or  2  mm.  below  the  corpora  quadri- 
cemina.  When  transverse  sections  of  the  brain  are  carried  successively 
lover  and  lower  down,  an  etfect  on  blood-pre*sure  in  the  way  of  lowering  it 
and  also  of  diminishing  the  rise  of  blootl-]>re8£ure  resulting  from  utiinulation 
of  the  sciatic,  is  first  observe*!  when  tlie  upper  limit  is  reached.  On  carrying 
the  sectiuns  still  lower,  the  effects  of  stimulating  the  sciatic  l>ecome  le^s  and 
kav,  until  whe-ii  the  lower  limit  is  reached  no  effects  are  at  alt  observed.  The 
centre  appears  to  be  bilateral,  the  halves  l>eing  placed  not  in  the  midtlle  line 
but  more  sideways  and  nither  nearer  the  anterior  than  the  [>osterior  Hurface. 
It  may  j)erhapB  be  more  closely  defined  as  a  small  prismatic  space  in  the 
forward  prolongation  of  the  lateral  columns  after  they  have  given  off  their 
fibm  to  the  decuasating  pyramids.  This  space  is  largely  occupied  by  a  mass 
of  gray  matter,  called  by  Clarke  the  antero-Iateral  nucleus,  und  containing 
large  multipolar  cells;  but  it  is  by  no  means  certain  that  this  group  of  nerve 
oelb  really  acte  as  the  centre  in  question. 

§  177,  The  above  experimenla  appear  to  afford  adequate  evidence  that,  in 
a  normal  state  of  tlie  body,  the  integrity  of  the  medullary  vasomotor  centre 
m  ettential  to  the  proiluction  and  distribution  of  those  continued  constrictor 
impulses  by  which  the  general  arterial  tone  of  the  body  is  maintaine<l,  and 
that  an  increase  or  decrease  of  vaso-constrictor  action  in  particular  arteries, 
or  ID  the  arteries  generally,  is  brought  about  by  means  of  the  same  medullary 
TMtomotor  centra  But  wc  must  not,  therefore,  conclude  that  this  small  por- 
tioD  of  the  medulla  oblongata  is  the  only  part  of  the  central  nervous  system 
which  ran  act  as  a  centre  for  vaso-constrictor  fibres;  and,  as  we  have  seen. 
there  is  no  evidence  at  present  that  the  vaoo-dilator  fibres  are  connected 
with  either  this  or  any  other  one  centre.     In  the  frog  reffex  vasomot<jr  effects 

'WUkj  be  obtained  by  stimulating  various  afferent  nerves  after  the  whole 
aciedullA  has  been   removed,  and,  indeed,  even  when  only  a  comparatively 
II  portion  of  the  spinal  cord  has  been  left  intact  and  connected,  on  the 
hand,  with  the  afferent  nerve  which  is  being  stimulated,  and,  on  the 
with  the  efferent  nerves  in  which  run  the  vaectmotor  fibres  whose  action 
being  studied.     In  the  mammal  such  cff^ectii  do  not  so  readily  appear,  but 

jSMtJ  with  care  and  under  special  c(iudition*«  be  obtained.     Thus  in  the  di>g, 

l^ben  the  spinal  cord  is  divided  in  the  dorsal  region,  the  arteries  of  the  hind 
Imbft  and  hinder  part  of  the  body,  as  we  have  already  .«aid,  ^  172,  !>econie 
lilatefl.  This  one  would  naturally  exf>ect  as  the  result  of  their  severance 
Irnm  the  medullary  vasomotor  centre.  But  it  the  animal  be  kept  in  gmid 
condition  for  eHimc  time,  a  normal  or  nearly  normal  arterial  tone  is  after  a 
vhile  ret^labjijfhed  ;  and  the  lone  thus  regained  may.  by  afferent  imputes 
rta^rbmg  the  cord  below  the  section,  be  modified  in  the  direction  certainly 
oi'diininulion — /.  e.,  dilatation,  and  p<^gsibly,  butlhisis  by  no  means  so  certain, 
of  increase — i.  «.,  constriction  ;  dilatation  of  various  cutaneous  vessels  of  the 
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limbs  may  be  readily  produced  by  stimulation  of  the  central  stump  of  one 
or  another  uerve. 

These  remarkable  results,  which,  though  they  are  nioet  striking  in  connec- 
tion with  the  lower  part  of  the  sjunal  n>ni,  hold  good  apparently  for  other 
part*  also  of  the  spinal  card»  naturally  suggest  a  doubt  whether  the  explana- 
tion just  given  above  of  the  eflects  of  section  of  the  medulla  oblongata  is  a 
valid  one.  When  we  come  to  study  the  central  nervous  system,  we  shall 
again  and  again  see  that  the  immediate  eflecl  of  operative  interference  with 
these  delicate  structures  is  a  tem|)nrary  Huai>cn:*ion  of  nearly  al!  their  func- 
tions. This  is  often  spoken  of  as  "shock  "  and  may  be  reganled  as  an 
extreme  form  of  inhibition.  An  example  of  it  occurs  in  the  above  experi- 
ment of  section  of  the  dorsal  cord.  For  some  time  after  the  operation  the 
vaao-dilator  nervi  erigentes  ( which,  as  far  as  we  know,  have  no  special  connec- 
tion with  the  medullary  vasomotor  centre)  cannot  be  thrown  into  activity  as 
part  of  a  reHex  action  ;  their  centre  remains  for  some  time  inactive.  After 
a  while,  however,  it  recovers^  and  erection  of  the  penis  through  the  nervi 
erigenles  may  then  still  be  brought  about  by  suitable  stimulation  of  sensory 
surfaces.  Hence  the  question  may  fairly  be  put  whether  the  effects  of  cut- 
ling  and  iujuririg  the  structures  which  we  have  spoken  of  as  the  medullary 
vasomotor  centre,  are  not  in  reality  simply  those  of  shock,  whether  the  vas- 
cular dilatation  which  follows  upon  sections  of  the  so-called  medullary  vaso- 
motor centre,  does  not  come  about  because  section  of  or  injury  to  this  region 
exercises  a  strong  inhibitory  influence  on  all  the  vasomotor  centres  situated 
in  the  spinal  cord  below.  Owing  to  thp  special  function  of  the  medulla 
oblongata  in  carrying  on  the  all-important  work  of  respiration,  a  mammal 
whose  medulla  has  been  divided  cannot  be  kept  nlivo  for  any  length  of  time. 
We  cannot,  therefore,  put  the  matter  to  the  simple  experimental  test  of  extir- 
pating the  supposed  medullary  vasomotor  centre  and  seeing  what  happens 
when  the  animal  has  completely  recovered  from  the  etiects  or  the  operation  ; 
we  have  to  be  guided  in  our  decision  by  more  or  less  indirect  arguments. 
And  against  the  argument  that  the  effects  are  those  of  shock,  we  may  put 
the  argument,  evirlence  for  which  we  shall  meet  with  in  dealing  with  the 
central  nervous  ayatem,  that  when  one  part  of  the  central  nervous  system  is 
removed  or  in  any  way  placed  hnrn  dr  romfiftf,  another  part  may  vicariously 
take  on  its  function;  in  the  absence  of  the  medullary  vasomotor  centre,  its 
function  may  be  jHTformed  by  other  parts  of  the  spinal  cord  which  in  its 
presence  do  no  such  work. 

And  we  may.  in  connection  with  this,  call  attention  to  the  fact  that  the 
dilatation  or  loss  of  lone  which  follows  u|>on  section  of  the  cervical  sympathetic 
(and  the  same  is  true  of  the  abdominal  splanchnic)  is  not  always,  though  it 
may  be  sometimes,  pernmnent ;  in  a  certain  number  of  cases  it  has  been 
found  that  after  a  while,  it  may  not  be  until  after  several  days,  the  dilatation 
disappears  and  the  arteriea  regain  their  usual  calibre;  on  the  other  hand,  in 
some  cases  no  such  return  has  been  observed  after  months  or  even  years. 
This  recovery,  when  it  occurs,  cannot  always  be  attributed  to  any  regenera- 
tion of  vasomotor  fibres  in  the  sympathetic,  for  it  is  stated  to  have  been 
observed  when  the  whole  length  of  the  nerve  including  the  superior  cervical 
ganglion  had  been  removed.  W^hen  recovery  of  tone  has  thus  taken  place, 
dilatation  or  increased  constriction  may  be  occasioned  by  local  treatment ;  the 
ear  may  be  made  to  blush  or  pale  by  the  application  of  heat  or  cold,  by 
gentle  stroking  or  rough  handling  and  the  like;  but  neither  the  one  nor  the 
other  condition  can  be  brought  about  by  the  intervention  of  the  central 
nervous  system.  So  also  the  spontaneous  rhythmic  variations  in  the  calibre 
of  the  arteries  of  the  ear  of  which  we  spoke,  though  they  cease  for  a  time 
after  division  of  the  cervical  sympathetic,  may  in  some  cases  eventually  reap- 
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that  even  it  the  superior  cerviral  ganglion  he  removed  ;  in  other 
M  ibey  do  not.  And  the  analogous  rhythmic  variatious  of  the  veins  of 
bai'fl  wiug  have  been  pmved  experiiuentally  to  i^o  on  vi^rously  when 
connection  with  the  central  nervous  syalem  has  been  severed;  they  may 
inue,  in  fact,  in  isolated  pieces  of  the  win^  provided  that  the  vessels  are 
juutely  filled  and  distended  with  hl^KHl  or  fluid.  From  these  and  other 
>,  even  after  making  allowance  for  the  negative  cases,  we  may  conclude 
what  we  have  spoken  of  as  the  tone  of  the  vessels  of  the  face,  though 
iinflupnced  by  and  in  a  measure  dependent  on  the  central  nervous  system, 
[ii  not  simply  the  result  of  an  effort  of  that  system.  The  muscular  walls  of 
the  arteries  are  not  mere  passive  instruments  worked  by  the  central  nervous 
[•anrsteoi  through  the  vasomotor  tihrea  ;  they  appear  to  have  an  intrinsic  tone 
[flf  their  own,  and  it  seems  natural  to  suppose  that  wfieti  the  central  nervous 
system  causes  dilatation  or  constriction  of  the  vessels  of  the  face,  it  makes  use, 
io  so  doing,  of  this  intrinsic  local  tone-  It  has  been  supposed  that  this 
iutrinsic  tone  is  dependent  on  Honie  local  nervous  mechanism  ;  in  the  ear  at 
least  UD  such  mechanism  has  yt't  been  found;  and,  indeed,  as  we  have  said 
aboTe,  j  1T*>.  no  auch  periphend  nervous  mechanism  is  really  necessary.  In 
the  ease  both  of  a  vessel  governed  by  vaso-dilator  tibre.«  and  one  governed 
by  vai'ti-constrictor  fibres,  we  may  suppose  a  certain  natural  condition  of  the 
moflcular  fibres  which  we  may  call  a  condition  of  efjiiilihriitm.  In  a  vcnsel 
ptVerMed  only  by  vasodilator  fibres,  if  there  he  f*uch,  this  conditii^u  of 
c«]utlibrium  is  the  |)ermaneut  condition  <»f  the  muscular  fiUre,  from  wfiich  it 
is  disturl»ed  by  vaso-tlilator  impulses,  but  to  which  it  speedily  returns,  in 
a  vessel  governed  by  vaso-constrictor  libres.and  subject  to  tone,  the  muscular 
&bn  b  habitually  kept  on  the  constrictor  side  of  this  e<]uilibrium,  and,  as  in 
Um  cases  <iuoted  above,  may  strive  of  itself  toward  some  amount  of  active 
cosatriction  even  when  sefiarated  from  the  central  nervous  system. 

Bat  to  return  to  the  metiuUary  vasomotor  centre.  Without  attempting 
to  discus  the  matter  fully,  we  may  suy  that,  aAer  all  due  weight  has  been 
attached  in  the  play  of  inhibitory  impulses  or  "  shock  "  as  a  result  of  opera- 
live  interference,  there  still  remains  a  balance  of  evidence  in  favor  of  the 
Tiew  that  the  region  of  the  medulla  of  which  we  are  ppeaking  dtjcs  really 
act  aa  a  general  va^>motor  centre  iu  the  manner  previously  explained,  and 
piara  an  imajrtant  part  in  the  vasomotor  regulation  of  the  living  body. 

Il  ia  not,  nowever,  ta  be  regarded  as  the  single  vasomotor  centre,  whence 
aloaa  can  issue  tonic- ctmstrictor  impulses  or  whither  afferent  impulses  from 
aH  parts  of  the  body  must  always  travel  before  they  can  affect  the  vaso- 
otoior  impulses  passing  along  this  or  that  nerve.  We  are  rather  to  suppose 
tbai  the  spinal  cord  along  ib*  whole  length  contains,  interlaced  with  the 
reflex  and  other  mechanisms  by  which  the  skeletal  muscles  are  governed, 
raaooiotor  centres  and  mechanisms  of  varied  complexity,  the  details  of 
whose  functions  and  topography  have  yet  largely  to  be  worked  out;  and 
thoo^.  as  we  have  seen,  the  medullary  centre  is  essentially  a  centre  of  im- 
polssi  issuing  along  vasoconstrictor  fibres,  it  is  possible  that  there  are  ties 
.Dstween  it  and  vaso-dilator  fibres  also.  As  in  the  absence  of  the  sinus 
is»tbe  auricles  and  ventricle  of  the  frogs  heart  may  still  continue  to 
It,  IO  in  the  absence  of  the  medulla  oblongata  these  spinal  vasomotor 
itres  provide  for  the  va.scular  emergencies  which  arise.  As.  however,  iu 
i  normal  entire  frog*s  heart,  the  sinus,  so  to  speak,  gives  the  word  and 
the  Work  of  the  whole  organ,  so  the  medullary  vas  miotor  centre 
and  C(M>rdinat6s  the  lesser  centres  of  the  cord,  and  through  them  pre- 
over  the  chief  vascular  areas  of  the  l>ody.  By  means  of  these  vaso- 
r  osotral  mechanisms,  by  means  of  the  head  centre  in  the  medulla,  and 
[the  subsidiary  centres  in  the  spinal  cord,  the  delicate  machinery  of  the  circu- 
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latkm  which  determiucs  the  blood-supply,  aud  so  the  activity  of  each  tiaeue 
and  organ,  is  able  to  respond  by  narrowing  or  widening  arteries  to  the  ever- 
vnryiug  demands  and  lo  meet  by  coniiiensaiing  changes  the  shocks  aud 
strains  of  dally  life. 

!;  178.  We  may  sum  up  the  history  of  vasomotor  actions  somewhat  as 
follows: 

AH,  or  nearly  nil — or,  as  far  as  we  know,  all — the  arteries  of  the  l>ody  are 
connected  with  the  central  nervous  system  by  nerve  fibres,  called  vaso- 
motor fibres,  the  adinn  of  which  varies  the  amount  of  cnulraction  of  the 
muscular  coats  of  the  arteries,  and  so  leads  to  changes  in  calibre.  The 
action  of  these  vasomotor  tibrca  is  more  manifest  and  probably  more 
important  iu  the  case  of  small  and  minute  arteries  than  in  the  case  of 
larger  ouee. 

These  vasomotor  fibres  are  of  two  kinds:  the  one  kind,  vaso-oonstrictor 
fibres,  are  of  such  a  nature  or  have  such  connections  at  their  central  origin 
or  peripheral  endings  that  stinnilatiipn  of  them  produces  narrowing  con- 
atrictioii  of  the  arteries ;  and  during  life  these  fibres  appear  to  be  the  means 
by  which  the  central  nervous  system  exerts  a  continue*!  tonic  intliience  (m 
the  arteries  and  maintains  an  arterial  **  tone."  The  other  kind,  the  vaso- 
dilator libres,  are  of  such  a  kind  or  have  sucli  connections  that  stimulation 
of  them  produces  widening,  dilation  of  the  arteries.  There  is  no  adequate 
evidence  that  these  vasodilator  fibres  serve  as  channels  for  tonic  dilating 
impulses  or  iuflucuces. 

The  voBO-consLrictor  fibres  leave  the  spinal  cord  by  the  anterior  roots  of 
the  nerves  coming  from  middle  regions  of  the  spina!  cord  only  (in  the  dog, 
and  probably  in  other  mammals,  from  about  the  second  dorsal  to  the  second 
lumbar  nerve  )^  pass  into  the  splanchnic  ganglia  connected  with  those  nerves 
(thoracic  and  abdominal  chain  of  sympathetic  ganglia),  where  the  fibres  lose 
their  medulla,  and  proceed  to  their  destination  as  noo-meduUated  fibres, 
either  still  in  so  called  sympathetic  nerves,  such  as  splanchnic,  cervical  sym- 
pathetic, hypogastric,  etc.,  or  along  recurrent  branches  of  the  splanchnic 
system,  to  join  the  spinal  nerves  of  the  arm,  leg,  and  truuk. 

In  the  inlrtct  organism  the  emifsion  nnd  distribution  along  these  vaso- 
constrictor fibres  of  tonic-constrictor  impulses,  by  which  general  and  local 
arterial  tone  is  maintained  and  regulated,  is  governed  by  a  limited  portion 
of  the  medulla  oblongata  known  as  the  medullary  vasomotor  centre  ;  and 
when  some  change  of  conditions  or  other  natural  stimulus  brings  about  a 
change  in  the  activity  of  the  vaso-constrictor  fibres  of  one  or  more  vascular 
areas,  or  of  all  the  arteries  supplied  with  vaso-constrictor  fibres,  this  same 
medullary  vasomotor  centre  appears  iu  such  cases  to  play  the  part  of  a 
centre  of  reflex  action.  Nevertheless,  in  cases  where  the  nervous  connections 
of  this  medullary  vasomotor  centre  with  a  vascular  area  are  cut  off  by  an 
operation,  as  bv  section  of  the  cord,  other  parts  of  the  spinal  cord  may  act 
Bs  centres  for  the  vaso-constrictor  fibres  of  the  area,  and  possibly  these  sub- 
ordinate centres  may  be  to  a  cert^iin  extent  in  action  in  the  int-act  organism. 

The  vaso*dilator  fibres  appear  to  take  origin  in  various  parts  of  the  central 
nervous  system  and  to  proceed  in  a  direct  course  to  their  destination  along 
the  (anterior)  roots  anrl  as  part  of  the  trunks  ami  liraiiches  of  various  cerebrr> 
spinal  nerves;  they  do  not  lose  their  medulla  until  they  approach  their 
termination.  They  do  not  appear  to  serve  as  channels  of  tonic  dilating 
influences;  they  are  thrown  into  action  generally  as  imrt  of  a  reflex  action, 
and  their  centre  in  the  refiex  act  appears  in  each  case  to  lie  in  the  central 
nervous  system  not  far  from  the  centre  of  the  ordinary  motor  fibres  which 
they  accompany. 

The  effects  of  the  activity  of  the  vaso-dilator  fibres  appear  to  be  easeDtially 
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Ifw^l  in  nature ;  when  any  set  of  them  come  into  actioa  the  vascular  area 
which  these  govern  is  dilated.  And  the  vui^;ular  uread  so  governed  are 
relatively  10  small  that  changes  in  them  produce  little  or  no  effect  on  the 
vaaouJar  system  in  general. 

The  effects  of  changes  in  the  activity  of  the  vaso-constrietor  fibres  are  both 
local  and  general,  and  may  be  aUo  double  in  nature.  I5y  an  inhibiliuu  uf 
lonic-ooiistrictor  impulses  a  certain  amount  of  (liiatfttian  may  be  effected  ;  by 
an  augmentation  of  constrictor  impul&es,  constriction,  it  may  be  of  consider- 
■blf  extent,  may  be  brought  about.  When  the  vascular  area  so  aHected  is 
smttll.  the  effects  are  local,  moreorlei^  blood  is  distributed  through  the  area  ; 
whrn  the  vaacular  area  affected  is  large,  the  inhibition  of  constriction  may 
leai]  to  a  marked  fall*  and  an  augmcnt^uion  of  conf^triction  to  a  marked  rise 
«f  grneral  bIoo*l- pressure. 

179.  We  shall  have  occasion  later  ou  again  ami  again  to  point  out 
ices  of  the  effects  of  vasomotor  action,  Imtli  local  and  general,  but  we 
may  here  quote  one  or  two  characteristic  ones.  *'  Blushing"  is  one.  Ner- 
vous impulses  stnrteil  in  .Home  parts  of  the  brain  by  an  emotion  produce  a 
verful  inhibitit)n  of  that  part  of  the  medullary  vasomotor  centre  which 
8  the  vascular  areas  of  the  head  supplied  by  the  cervical  Bym))at[ietic, 
d  bence  ha^  an  effect  on  the  vasomotor  fibres  of  the  cervical  sympathetic 
t  exactly  the  Aanie  ah  that  produced  by  section  of  the  nerve.  In  conse 
juencc  the  muscular  wnllfl  of  the  arteries  of  the  head  and  face  relax,  the 
arteries  dilate,  anil  the  whole  region  becomes  suffused.  Sometimes  an  emo- 
tion gives  rise  not  to  blushing,  but  to  the  opposite  effect,  viz.,  to  pallor. 
In  a  great  number  <if  cases  this  has  quite  a  different  cause,  being  due  to  a 
ftuildeu  diminution  or  even  lemptrary  arre&t  of  the  heart's  beats;  but  in 
some  cases  it  may  occur  with(»ut  any  change  in  the  beat  <d'  the  heart,  and  is 
tlmi  due  Ut  a  condition  the  very  converge  of  that  of  blushing,  thai  is,  to  an 
increased  arterial  constriction  ;  and  thi;^  increased  constriction,  like  the  dilata- 
tKMi  of  blushing,  is  effected  through  the  agency  of  the  central  nervous  aystem 
and  the  cervical  sympathetic. 

The  vascular  condition  of  the  skin  at  large  affords  another  instance. 
When  the  temperature  of  the  air  is  low  the  vessels  of  the  skin  are  con- 
strictefl  anri  the  skin  is  pale;  when  the  temperature  of  the  air  is  high  the 
Teasels  of  the  skin  are  dilated  and  the  skin  is  red  and  flushed.  In  both 
these  rases  the  effect  is  mainly  a  reflex  one,  it  being  the  central  nervous 
system  which  brings  abf)nt  augmentation  of  constriction  in  the  one  citse  and 
iohibition  In  the  other,  though  possibly  some  slight  etiect  is  reproduced  by 
the  direct  action  of  the  cold  or  heat  on  the  vessels  of  the  skin  simply.  More- 
over, the  vascular  changes  in  the  skin  are  accompauieil  by  corresponding 
vascular  changes  in  the  viscera  ichietly  abdominal)  of  a  reverse  kind.  When 
IIm  TVMels  of  the  skin  are  dilated  those  of  the  viscera  are  constricted,  and 
MS  wrsa,  so  that  a  considerable  portion  of  the  whole  blood  ebbs  and  flows, 
to  apeak,  according  to  circumstances  from  skin  to  viscera  and  from  viscera 
skin.  By  these  changes,  as  we  shall  see  later  ou,  the  maintenance  of  the 
normal  tem[>erature  of  the  body  is  in  large  measure  secured. 

When  food  is  placed  in  the  Mjoulh  the  bloodvessels  of  the  salivary  glands, 
we  have  seen,  are  Hushed  with  blood  as  an  adjuvant  to  the  secretion  of 
^i^esiive  tluid  ;  and  as  the  fo4id  passes  along  the  alimentary  canal,  each 
section  in  turn,  with  the  glandular  apj>endage8  belonging  to  it,  welcomes  its 
sdveoi  by  Hushing  with  blood,  the  dilatation  being  sometimes,  as  in  the  case 
of  the  sali^-ary  gland,  the  result  of  the  activity  chiefly  of  vaso-dilator  fibres, 
but  sometimes  the  result  uf  the  cessatiou  of  constrictor  impulses  and  some- 
times the  result  of  the  two  combine<l.  8o  also  when  the  kidney  secretes 
orioe,  its  vessels  become  dilated,  and  in  general,  wherever  functional  activity 
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comes  iuto  play,  the  inetAbolism  of  tissue  whicli  la  ttie  basis  uf  that  activity 
is  useistcd  by  ii  more  geiuTouH  flow  oi'  blood  tlirou^h  the  lisfiuc. 

§  180.  Vasomotor  rierreA  of  the  veinA.  Althmich  the  veins  are  provided 
with  inusfular  iibrea  and  are  distidftly  coulractile,  nud  ahhoiiijh  rhythmic 
variationa  of  calibre  due  to  contr»ctioti3  may  be  seen  in  the  great  veins 
openiug  into  the  heart*  in  the  veinn  of  the  bat's  wing,  and  elsewhere,  and 
simitar  rhythmic  vHriatioiis.  alno  possibly  due  to  active  rhythmio  eonirae- 
tiona,  but  possibly  also  of  an  entirely  passive  nature,  have  been  observed  in 
the  purtal  veins,  very  little  is  known  of  any  nervous  arrangements  govern- 
ing the  veins.  When  in  the  frog  the  brain  and  spinal  cord  are  destroyed, 
very  little  blood  comes  back  to  the  heart  aa  compared  with  the  normal 
supply,  and  the  heart  in  conserjucncc  appears  almost  bloodless  and  beat^ 
feebly.  This  has  been,  by  somCf  regarded  as  more  than  can  be  accounted  for 
by  mere  logs  of  arterial  tone,  and  accordingly  interpreted  as  indicating  the 
existence  of  a  normal  tone  in  the  veins  dependent  on  the  central  nervous 
system.  When  the  latter  ia  deatroyed^the  veins  become  ubnormally  distended 
and  a  large  quunlity  of  blood  hcconics  hnlgcd  and  hid<Ien  as  it  were  in  them. 


The  Capillauy  Cihculation. 


§  181.  We  have  alrendy  some  time  back  (§  1 17)  mentioned  some  of  the 
salient  features  of  the  circulation  through  the  capillaries,  viz.,  the  difficult 
passage  of  the  corpuscles  (generally  in  single  file,  itiough  sometimes  in  the 
larger  channels  two  or  more  abreaat)  and  plasma  through  the  narrow  chan- 
nels^ in  a  stream  which  though  more  or  less  irregular  ia  steady  and  even, 
not  broken  by  puleations,  and  slower  than  that  in  cither  the  arteries  or  the 
veins.  We  have  further  seen  (§  106)  that  the  capillaries  vary  very  much 
in  width  from  lime  to  time  ;  and  there  can  be  no  dtuibt  that  the  changes  in 
their  calibre  are  chiefly  of  a  passive  nature.  They  are  expanded  when  a 
large  supply  of  blood  reflches  them  through  the  tup}>lying  arteries,  and,  by 
virtue  of  their  elasticity,  shrink  again  wlnm  the  supply  is  lessened  or  with- 
drawn;  they  may  also  become  expanded  by  an  obstacle  to  the  venous 
outflow. 

On  the  other  hand,  as  we  have  also  stated,  there  is  a  certain  amount  of 
evidence  that,  in  young  animals  at  all  events,  the  calibre  of  a  capillary 
canal  may  vary,  (juite  independently  of  the  arterial  supply  or  the  venous 
ftuttlow,  in  consequence  of  changes  in  the  form  of  the  epitheloid  cells,  allied 
to  the  changes  which  in  a  muscle-fibre  or  muscle  cell  constitute  a  contrac- 
tion ;  and  though  the  matter  retjuires  further  investigation,  it  is  possible  that 
these  active  changes  play  an  important  part  in  determining  the  (|uautity  of 
blond  passing  through  a  capillary  area  ;  but  there  is  as  yet  no  satisfactory 
evidence  that  they,  tike  the  corresponding  changes  in  the  arteries,  are 
govemeti  by  the  nervous  system. 

Over  and  above  these  changes  of  form,  the  capillaries  and  minute  vessels 
are  subject  to  changes  and  exert  influences  by  virtue  of  which  they  play  an 
important  part  in  tfio  work  of  the  circulation.  Their  condition  determines 
the  amount  of  resistance  oflered  by  their  channels  to  the  flow  nf  blood 
through  those  ohannel«,  and  determines  the  amount  and  character  of  that 
interchange  between  the  blood  and  the  tissues  which  is  the  main  fact  of  the 
circulation. 

If  the  web  of  the  frog's  foot,  or  better  still  if  some  transparent  tissue  of 
a  mammal  be  watched  under  the  microscope,  it  will  be  observed  (hat,  while 
in  the  small  capillaries  the  corpuscles  are  pressed  through  the  channel  in 
single  fde,  one  aAer  the  other,  each   corpuscle  as  it  passes  occupying  the 
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^^PmsIb  bore  of  the  capillary,  in  the  larger  capillaries  (of  the  mamnriHl).  and 
^^BpecuLlly  in  the  small  arteries  and  veins  which  {>ermit  the  paft^age  of  more 
^^ian  one  corpuscle  abr<iaat,  the  reil  oorpuBelea  run  in  the  middle  of  the 
I  cliaoDeK  forming  a  colored  core,  between  which  and  the  sides  of  the  vessels  all 
fc^roupd  is  a  colorless  layer,  containing  no  red  corjiu^clee.  called  the  "  plasmatic 
^%iy«r*'  or '*  peripheral  zone."  This  division  iixii»  a  [toriphcral  zone  and  an 
r  axial  stream  is  due  to  the  fact  that  in  any  stream  passing  through  a  closed 
I  cbannel  the  friction  is  greatest  at  the  sides,  and  Himinlshe^  toward  thf?  axis. 
Th«  corpuscles  pass  where  the  friction  is  least,  in  the  axis.  A  quite  similar 
axial  core  is  seen  when  any  tine  particles  are  driven  with  a  suliicieut  velocity 
ID  a  Btreani  of  fluid  through  a  narrow  tube.  As  the  velocity  is  diminished 
lfa«  axial  core  becomes  less  marked  and  disappears. 

Id  the  peripheral  zone,  especially  in  that  of  the  veins,  are  frequently  seen 
vhiie  corpuscles,  sometimes  clinging  to  the  sides  of  the  vessel,  sometimes 
rollioK  slowly  along,  and  in  general  moving  irregularly,  stopping  for  a  while 
sxm]  Uien  suddenly  moving  on.  The  greater  the  velocity  of  the  flow  of 
blood,  the  fewer  the  white  corpuscles  in  the  peripheral  zone,  and  with  a  very 
rapi<l  flow  they,  as  well  ns  the  red  corpus<<les,  may  be  all  confined  to  the 
&xial  stream.  The  presence  of  the  white  corpuscles  in  the  peripheral  zone 
has  been  attributed  to  their  being  specially  lighter  than  the  red  corpuscles, 
lilice  wberk  tine  particles  of  two  kiod8,  one  lighter  than  the  other,  are  driven 
through  n  narrow  tube,  the  heavier  particles  tlow  in  the  axis  and  the  lighter 
ID  the  more  peripheral  portions  of  the  stream.  But,  besides  this,  the  white 
corpuscles  have  a  greater  tendency  to  adhere  to  surfaces  than  have  the  red, 
IS  IS  seen  by  the  manner  in  which  the  former  become  tixed  tn  the  glass 
slide  and  cover-slip  when  a  drop  of  blood  is  mounted  for  microscopical  ex- 
AouoatioD.  They  probably  thus  adhere  by  virtue  of  the  umreboid  move- 
taenu  of  their  protoplasm,  so  that  the  adhesion  \a  to  be  considered  not  bo 
aach  a  mere  physical  as  a  physiological  process,  and  hence  may  be  expected 
lo  Tary  with  ine  varying  nutritive  conditions  of  the  corpuscles  and  of  the 
bloodvesseb.  Thus  while  the  appearance  of  the  white  corpuscles  in  the 
peripberal  loue  may  be  due  to  their  lightness,  their  temporary  attachment 
lo  toe  aides  of  the  vessels  and  characteristic  progression  is  the  result  of  their 
power  to  adhere;  and  a<<i  we  shall  presently  see  their  amcebuid  movements 
BUT  rjirry  them  on  beyond  mere  adhesion. 

^182.  These  are  the  phenomena  of  the  normal  circulation,  and  may  be 
if^uded  as  indicating  a  state  of  e<iuilibriuiu  between  the  blood  on  the  one 
hand  aiMl  the  bloodvessels  with  tne  tissues  on  the  other;  but  a  ditferent 
Male  of  things  sets  in  when  that  equilibrium  is  overthrown  by  causes  lead- 
iBg  to  what  is  called  inflammation  or  to  allied  conditions. 

if  ao  irritant,  such  as  a  drop  of  chloroform  or  a  little  diluted  oil  of  nius- 
U  .laidh  be  applieil  to  a  small  portion  of  a  frog's  web,  tongue,  mesentery,  or 
1*^091  other  transparent  tissue,  the  following  changes  may  he  observe<l  under 
r  l&tt aicroscope  :  they  raav  also  be  seen  in  the  mesentery  or  other  transparent 
UHoe  of  a  mammai.  The  first  effect  that  is  noticed  is  a  dilatation  nf  the 
arteries,  accomiianied  hy  a  quickening  of  the  stream.  The  irritant,  probably 
by  a  direct  action  t»n  the  muscular  libres  of  the  arteries,  has  le<l  to  a  relaxa- 
f  the  muscular  coat  and  hence  to  a  widening;  and  we  have  already, 
explained  how  such  a  widening  in  a  small  artery  may  lead  to  a  tera- 
i'kcniug  of  the  stream.  Inconsequence  of  the  greater  flow  through 
•  •4,  the*  capillaries  bec<ime  tilled  with  corpuscles,  and  many  pn^- 
viously  iuvit^ible  or  nearlv  so  tin  account  of  their  containing  no 
-..  now  come  into  view.  The  veini*  at  the  same  time  appear  eu- 
1  and  full.  If  the  stimulus  be  very  slight,  this  may  all  [*&»»  nway,  the 
-  L'tiioing  their  normal  constriction,  and   the  capillaries  and  veins  re- 
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turning  to  their  normal  condition  ;  in  other  words^  the  effect  of  the  stimulus 
in  such  a  ciiee  is  simply  a  temporary  blush.  UolesH,  however,  the  chloro- 
form or  mustard  be  a[>plieiJ  with  especial  care  the  effects  are  much  more 
prolbuotl,  and  a  series  <U  remarkable  chaujt^s  sets  in. 

In  the  normal  circulatifui,  as  we  have  just  said,  white  corpuscles  may  l>e 
seen  in  ihe  peripheral,  plasmatic  zone,  but  they  are  scanty  in  number,  and 
each  one  after  staying  fur  a  little  time  in  one  spot  suddenly  gets  free,  some- 
times  almost  by  a  jerk  a«  it  were,  and  then  rolls  on  for  a  greater  or  leas  dis- 
tance. In  the  area  now  under  consideration  a  large  number  of  white  cor- 
puscles soon  gather  in  the  peripheral  i^onen,  especially  of  the  veins  and 
venous  capillaries  (that  is,  of  the  larger  capillaries  which  are  joining  to  form 
veins),  but  also,  to  a  let^s  extent,  of  the  arteries;  and  this  takes  place 
although  the  vea^iel."^  still  remain  dilated  and  the  stream  still  continues  rapid 
though  nut  so  rapid  as  at  tlrst.  Each  white  corpuscle  ap|>ears  to  exhibit  a 
greater  tendency  U>  stick  to  the  sides  of  the  vessels,  and  though  driven  away 
from  the  arteries  by  the  stronger  arterial  stream,  becomes  lodged,  so  to 
>peak,  in  the  veins.  Since  new  white  corpuscles  are  continually  being 
brought  by  the  bloud-streJim  on  to  the  scene,  the  number  of  them  in  the 
peripheral  zones  of  the  veins  iucreases  more  and  more,  aud  this  may  go  on 
until  the  inner  surface  of  the  veins  and  venous  capillaries  apj>ears  to  be 
lined  with  a  layer  of  white  corpuscles.  The  small  capillaries,  t(«i,  contaia 
more  white  corpuaclcs  than  usual,  and  even  in  the  arteries  these  are  abund* 
ant,  though  not  forming  the  distinct  layer  seen  in  the  veins.  The  white  cor- 
ijuscles,  liowever,  are  not  the  otilv  bodies  present  iu  the  peripheral  zone. 
Though  in  the  normnl  rirculation  blond  philolcts  (see  ■S'-^*^}  cannot  he  seen  in 
the  peripheral  zone,  and  hence  must  be  cotdined  (on  the  view,  which  has  the 
greater  support,  that  these  bodies  are  really  present  in  quite  normal  bloodj 
to  the  axial  stream,  they  make  their  appearance  in  that  zone  with  the 
changes  which  we  are  now  describing.  Indeed,  in  many  cases  they  are  far 
more  abumiant  than  the  white  cttrpuscles,  the  latter  appearing  imbedded  at 
intervals  in  masses  of  the  former.  Soon  after  their  ai)|>earance  the  indi- 
vidual platelets  lose  their  outline  aud  ruu  ttigeiher  into  formless  masses. 

§  183,  This  much,  the  appeurance  of  numerous  white  corpuscles  and 
platelets  iu  llie  peripheral  ^eoiies,  may  Lake  place  while  the  iitream,  though 
If-s  rapid  than  at  the  very  fir-^t.  still  remains  rapid  ;  so  rapid  at  all  events 
that,  owing  to  the  increased  width  of  the  passages,  in  spite  of  the  obstruction 
offered  by  the  adherent  white  corpuacles,  the  total  ipiantity  of  blood  flowing 
in  a  given  time  through  the  intjatned  area  is  greater  than  normal.  But  soon, 
though  the  vessels  stiU  renmiii  dihiled,the  stream  is  observcil  raoet  di.stinctly 
to  slacken  and  then  a  remarkable  phenomenon  makes  its  appearance.  The  _ 
while  corpuscles  lying  in  contact  with  the  walls  of  the  veins  or  of  the  capil-  ■ 
lanes  are  seen  to  thrust  processes  thruugh  the  walls ;  and,  the  process  of  a  ■ 
corpuscle  increasing  at  the  expense  uf  ihe  rest  of  the  body  of  the  corpuscle, 
the  whole  corpuscle,  by  what  appears  to  be  an  example  of  amreboid  move- 
ment, makes  its  way  through  the  wall  of  the  vessel  into  the  lymph  space 
outside;  the  perforation  apitears  to  take  place  either  in  the  cement  substance 
joining  the  epithelioid  phites  together,  or,  possibly,  by  an  actual  breach 
through  the  substance  of  a  plate,  the  breach  being  repaired  immediately  after 
the  passage  of  the  corpusclu.  This  is  the  migration  of  the  white  corpuscles 
to  which  we  alhidcd  in  i''i'2,  and  takes  place  chiefly  in  the  veins  and  capil- 
larieii,  not  at  all  ur  to  a  very  slight  extent  in  the  arteries.  Through  this 
migration  tiie  lym[)h  spaces  around  the  vessels  in  the  inttamed  area  become 
crowded  with  while  corpuscles.  At  the  same  time  the  lymph  in  the  same 
Bpaoes  not  only  increases  iu  amount  but  changes  somewhat  in  its  chemical 
cnaracters;  it  becomes  more  distinctly  and  readily  coagulable^  and  is  some- 
timea  spoken  uf  as  **  exudation  fluid,"  or  by  the  older  writers  as  '*  coagulable 
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Ijmph."  This  turgesoeoce  of  the  lymph  spaces,  together  with  the  dilated, 
crowded  condition  of  the  blootiveeaelB,  gives  rise  to  the  swelling  which  is  one 
«f  the  features  of  inHammatioD. 

If  the  iDtiammatiou  unw  passes  off  the  white  corpuscles  cease  to  emigrate, 
eeii«e  to  stick  for  any  length  of  time  to  the  sides  uf  the  vessels,  the  stream  of 
blood  through  the  vessels  (pickeos  again,  and  the  vessels  themselves,  though 
tb«3r  may  remain  for  a  long  time  dilated,  eventually  regain  their  calibre,  and 
ft  oormal  circulation  is  reestablished .  The  migrated  corpusclea  move  away 
from  the  region,  along  the  labyrinth  of  lymph  spaces,  and  the  surplus  lymph 
•iaf>  puses  away  along  the  lymph  spaces  and  lymphatic  vessels. 

^  184.  The  condition  of  things,  however,  instead  of  passing  off  may  go  nu 
to  m  further  stage.  More  and  more  white  corpuscles,  arrested  in  their 
pttMage,  crowd  the  channels  and  block  the  way.  so  that  though  the  vessels 
VMBMO  dilated  the  stream  becomes  slower  and  slower,  until  at  lust  it  stops 
tllogetlier  and  ** stagnation  "  or  "stasis"  sets  in.  The  red  corpuscles  are 
driven  lu,  oflen  in  ma^es^,  among  the  white  corpuscles  and  platelets,  the 
distioctiou  between  axial  stream  and  peripheral  zone  becoming  lost ;  and 
arlftriM,  veins,  and  capillaries,  all  distended,  sometimes  euormouHly  &(»,  are 
filled  with  a  mass  of  mingled  red  and  white  corpuscles  and  plateleti^.  When 
•cmU  stagnation  occurs  the  red  corpuscles  run  together  so  that  their  outlines 
are  no  longer  distinguishable ;  they  appear  to  become  fused  intx>  a  homo- 
geneous red  mass.  And  it  may  now  be  observed  that,  not  only  white  cor- 
patdea  but  also  red  corpuscles  make  their  way  through  the  distended  and 
altered  walls  of  the  capillaries,  chiefly,  at  all  events,  at  the  Junctions  of  the 
epithelioid  plates,  into  the  lymph  spaces  beyond.  This  is  spoken  of  as  the 
ainedfjrU  of  the  red  corpuscles. 

This  latter  '*  stagnation "  stage  of  inflammation  may  be  the  prelude  to 
further  mischief  and  indeed  to  the  death  of  the  tuttamed  tissue,  but  it,  too, 
Lke  the  earlier  stages,  may  pass  away.  As  it  passes  away  the  outlines  of  the 
corpuscles  became  once  more  distinct,  those  on  the  venous  side  of  the  block 
gradually  drop  away  into  the  neighboring  currents — little  by  little  the  whole 
otMtruction  is  removed,  and  the  current  through  the  area  is  reestablished. 

The  tluwing  and  final  arrest  of  the  blood  current  described  above  is  not 
doe  to  any  lessening  of  the  heart's  beat;  the  arterial  pulsations,  or  at  least 
tlw  Arterial  flow,  may  be  seen  tn  be  continued  in  full  force  down  to  the 
ftflbeted  area,  and  there  to  cease  very  suddenly.  It  is  not  ilue  to  any  c<m- 
ttriction  of  the  small  arteries  increasing  the  peripheral  resistance,  for  these 
oootioue  dilated,  sometimes  exceedingly  so.  It  must,  therefore,  be  ilue  to 
mne  new  and  unusual  resistance  occurring  in  the  area  itself,  and  there  can 
be  oo  doubt  that  this  is  to  be  found  in  an  increased  tendency  of  the  corpuscles, 
fifcielly  of  the  white  corpuscles,  to  stick  to  the  sides  of  the  vessels.  The 
tscreeee  of  adhesiveness  is  not  caused  by  any  change  confined  to  the  corpus- 
dee  UwoMelvea ;  for  if.  after  a  temporary  delay,  one  set  of  corpuscles  has 
nwaaged  to  peas  away  from  the  aflected  area,  the  next  set  of  corpuscles 
broagBt  to  the  area  in  the  blood  stream  is  subjected  to  the  same  delay  and 
the  Mroe  apparent  fusion-  The  cause  of  the  increased  adbesivene«s  must, 
therefore,  lie  in  the  walls  of  the  bloodvessels  or  in  the  tissue  of  which  these 
forwk  a  part.  That  the  increased  adhesion  is  due  to  the  vascular  walls  and 
ftOC  primarily  to  the  corpuscles  themsolves  is  further  shown  by  the  fact  that 
if  in  the  frug,  an  arliKcial  bttxidof  normal  saline  solution  to  which  milk  has 
been  eddef)  heBul>stitute<l  for  normal  bl<H>d,  a  stasis  may  by  irritants  be  in- 
dace<l  in  which  oil-globules  play  tho  part  of  corpuscles,  and  by  their  aggre- 
gati^m  bring  about  an  arrest  of  the  flow. 

We  are  driven  to  conclude  that  there  exist  in  health  certain  relations 
between  the  blood,  on  the  one  hand,  and  the  walls  of  the  vessel  on  the  other 
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by  which  the  tendency  of  the  corpuscles  to  adhere  to  the  bloodveBeela  is  kept 
within  certain  limits;  these  relaiiuna  couaequently  determioe  the  normal 
flow,  with  its  axial  stream  and  peripheral  zone,  and  the  normal  amount  of 
peripheral  resislauce  ;  in  inflammaiionB,  these  relatione,  in  a  manner  we 
cannot  as  yet  fully  explain,  are  disturbed  so  that  the  tendency  of  the 
corpUHclea  to  adhere  to  the  sides  of  the  vessel  is  largely  and  progressively 
increased.  Heoce  the  tarrying  of  the  corpuscles  in  spite  of  the  widening  of 
their  ])ath,  and  finally  their  aggloiueratiuu  and  fusion  in  the  distended 
channels. 

We  may  add  that  the  changes  occurring  in  the  vascular  walls  also  at  least 
facilitate  the  migration  of  the  corpuscles,  and  modify  the  passage  from  the 
blood  to  the  tissue  of  the  tluid  parts  of  the  blood,  the  lymph  of  inflamed 
areas  being  richer  in  proteids  than  normal  lymph. 

We  must  not,  however,  pursue  this  subject  of  inflammatinn  any  further. 
We  have  said  enough  to  show  that  the  peripheral  resistance  (and  consequently 
all  that  depends  on  that  peripheral  resistance)  is  not  wholly  determined  by  the 
varying  width  of  the  minute  passages,  but  is  also  dependent  on  the  vital 
condition  of  the  tissue  of  which  the  walls  uf  the  passages  form  a  part.  When 
the  tissue  is  in  health,  a  certain  resistance  is  offered  to  the  passage  of  blrKxl 
through  the  capillaries  and  other  minute  vessels,  and  the  whole  vascular 
mechanism  is  adapted  to  overcome  this  resistance  to  such  an  extent  that  a 
normal  circulation  can  take  place.  When  the  tissue  becomes  affected,  the 
disturbauce  of  the  relations  between  the  tis&ue  acid  the  blood  may,  as  in  the 
later  stages  of  iuHammation,  so  augment  the  resistance  that  the  passage  of 
the  blood  becomes  at  tirst  difficult  and  ultimately  impossible.  And  it  is 
quite  open  to  us  to  suppose  that  under  certain  circumstances  the  reverse  of 
the  above  may  occur  in  this  or  that  area,  conditions  in  which  the  resistance 
may  be  lowered  below  the  norma!,  and  the  circulation  in  the  area  quickened. 
Thus  the  vital  condition  of  the  tissue  becomes  a  factor  in  the  maintenance  of 
the  circulation;  and  it  is  possible,  though  not  yet  proved,  that  these  vital 
conditions  are  directly  under  the  dominion  of  the  nervous  system, 

^  185.  Changes  in  the  peripheral  resistance  may  also  be  brought  about  by 
changes  in  the  character  of  the  blood,  especially  by  changes  in  the  relative 
amount  of  gases  present.  When  a  stream  of  defibrinaced  blood  is  artificially 
driven  through  a  perfectly  fresh  exciseil  organ  such  as  the  kidney,  it  is  found 
that  the  resistance  to  the  flow  of  hloud  through  the  organ,  measured  for 
instance  by  the  amount  of  outflow  in  relation  to  the  pressure  exerted,  varies 
considerably  owing  to  changia  taking  place  hi  the  organ,  and  may  be  increased 
by  increasing  the  venous  character  and  diminished  by  increasing  the  arterial 
character  of  the  btoud.  Kemurkable  changes  in  the  resistance  are  also 
brought  about  by  the  addition  of  small  quantilies  of  certain  drugs  such  as 
chloral,  atropine,  etc.,  to  the  blood.  ■ 

These  changes  have  been  attributed  to  the  altered  blood  acting  on  the  ■ 
walls  of  the  vessels,  inducing  for  instance  constriction  or  widening  of  the 
small  arteries,  or  it  may  be  affecting  the  capillaries,  for  it  has  been  asserted 
that  the  epitlieltoirl  plates  of  the  capillaries  vary  in  form  according  to  the 
relative  quantities  (if  carbunic  acid  and  oxygen  present  in  the  blood.  But 
this  is  not  the  whole  explanation  of  the  matter,  since  similar  variations  io 
resistance  are  met  with  when  blood  is  driven  through  fine  capillary  tubes  of 
inert  matter.  In  such  ex|>eriments  it  ts  found  that  the  resistance  to  the  flow 
increases  with  a  diminution  of  the  oxygen  carried  by  the  red  corpuscles, 
and  is  modified  by  the  addition  to  the  blood  of  even  email  quantities  of 
certain  drugs. 

It  is  obvinus  then  that  in  the  living  body  the  peripheral  resistance,  being 
the  outcome  of  complex  conditions,  may  be  modified  in  many  ways.     Ex- 
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teaches  us  tliat,  even  in  dealing  with  DOD-Iiving  inert  matter,  the 
luifl  through  capillary  tubes  may  be  modified  on  the  one  hand  by 

iposed,  and  on  the 


ID  the  substance  of  which  the  tubes  are  composea,  aua  on 
oCber  band  by  changes  in  the  chemical  nature  (even  iudependent  of  the 
•peoific  gravity)  of  the  fluid  which  is  used.  In  the  living  body  bnih  the 
fluid,  the  bluod.  and  the  walls  of  the  ntinute  vessels,  being  both  alive,  are 
inrcmnntlj"  subject  to  change  ;  the  changes  in  the  one  moreover  arc  capable 
of  rcActing  upon  and  inducing  changes  iu  the  other  :  and,  lastly,  the  changes 
bofth  of  the  one  and  of  the  other  may  be  primarily  set  going  by  events  taking 
place  in  aume  part  of  the  body  far  away  from  the  region  in  which  these 
cfaangCB  are  mwlifyiug  the  resistance  to  the  flow. 


Changes  ik  the  Quantity  of  Blood. 

$  186.  In  an  artificial  scheme  changes  in  the  total  quantity  of  fluid  in 
circulation  will  have  an  immediate  and  direct  eflect  on  the  arterial  pressure, 
of  the  (luautity  heighteuiug  and  decrease  diminishing  it.  This 
will  be  proauce«i  partly  by  the  pump  being  more  or  less  filled  at  each 
ftroke.  and  partly  by  the  peripheral  resistance  being  increased  or  diminished 
by  ihe  greater  or  less  fulness  of  the  small  peripheral  channels.  The  venous 
pTMHjre  will  under  all  circumstances  be  raised  with  the  increase  of  fluid,  but 
the  arterial  pressure  will  be  raised  in  proportion  only  so  long  as  the  elastic 
walls  of  the  arterial  tubes  are  able  to  exert  their  elasticity. 

Id  the  natural  circulation  the  direct  results  of  change  of  quantity  are 
nKHJified  by  compensatory  arrangements.  Thus  experiment  shows  that 
wbeu  an  animal  with  normal  blood-pressure  is  bled  from  one  carotid,  the 
proBiire  in  the  other  carotid  sinks  so  long  a^  the  bleeding  is  going  on/  and 
remains  depressed  for  a  brief  period  after  the  bleeding  tias  ceased.  In  a 
thort  time,  however,  it  regains  or  nearly  regains  the  normal  height.  This 
leoovery  of  blood-pressure,  afYer  hemorrhage,  is  witnessed  so  long  as  the 
leee  of  blood  does  not  amount  to  more  than  about  i3  per  cent,  of  the  body- 
weight  Beyond  that  a  large  and  frequently  a  sudden  dangerous  permanent 
depreaioD  is  observed. 

The  restoration  of  the  pressure  alter  the  cessation  of  the  bleeding  is  too 
mpid  to  permit  us  to  suppose  that  the  quantity  of  Huid  in  the  bloodvessels 
ie  repaired  by  the  withilrawal  of  lymph  from  the  extra-vascular  elements  of 
Uie  tjaues.  In  all  probability  ihe  result  is  gained  by  an  iucrease<l  action  of 
ike  ra*omotor  nerves,  increasing  the  peripheral  resistance,  the  vasomotor 
centres  being  thrown  into  increased  action  by  the  diminution  of  their  blood- 
iopply.  When  the  loss  of  blood  has  gone  beyond  a  certain  limit,  this  vaso- 
motor action  is  insufficient  to  compensate  the  diminished  quantity  (possibly 
ikc  va^^molor  centres  in  part  become  exhausted),  and  a  cimsiderable  de- 
pnemiuo  takes  place;  but  at  this  epoch  the  loss  of  blood  frequently  causes 
■nvmic  convulsions. 

Similarly  when  an  additional  quantity  of  blood  is  injected  into  the  vessels, 
BO  marked  iucrease  of  blood -pressure  is  observed  so  long  as  the  vasomotor 
eentre  in  the  me<lulla  oblongata  is  intact.  If,  however,  the  cervical  spinal 
oord  be  divide*!  previous  to  the  injection,  the  pressure,  which  on  account  of 
ibe  removal  of  the  medullary  vasomotor  centre  is  very  low,  is  permanently 
rsieed  by  the  injection  of  bhM)d.  At  each  injection  the  pressure  rises,  falls 
iwbai  ailerward,  but  eventually  remains  at  a  higher  level  than  before. 

(tiiitvqueoM  (if  the  frc«  oi>enhig  In  the  vevcl  from  which  the  blc<<(llnK  IsfrniUff  on 
I  tjrml  deal  iif  Hm  puriplitrml  rwirtaiicu  nixl  m  liuiillriK  lo  m  geiivntl  luwerliig  oi  tt)« 
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This  rise  is  stated  to  continue  until  the  amouDl  of  blood  in  the  vessels  above 
the  normal  quantity  reaching  from  2  to  H  percent,  (if  the  body-weight,  beyond 
which  point  it  is  said  no  further  rise  of  pres:iui'e  occurs. 

These  facia  seem  to  show,  in  the  first  place,  that  when  the  volume  of  the 
blood  is  increased,  compensation  is  effected  by  a  lessening  of  the  peripheral 
reaistauce  by  means  of  a  vaso-dilator  action  of  tlie  vasomotor  centres,  ho 
that  the  normal  blood -press  tire  remains  constant.  They  further  show  that  a 
much  greater  cjuautity  of  btood  cuii  be  Imiged  in  the  bloodvessels  than  is 
normally  present  in  them.  Thai  (he  additional  quantity  injected  does  re- 
main in  the  vessels  is  proved  by  the  absence  of  extravasations  and  of  any 
considerable  increase  of  the  extra  vascular  lymphatic  fluids.  It  has  already 
been  insisted  that,  in  health,  the  veinn  and  capillaries  must  be  regarded  as 
being  far  from  filled,  for  were  they  to  receive  alt  the  blood  which  they  can, 
even  at  a  low  pressure,  hold,  the  whole  quantity  of  blood  in  the  body  would 
be  lodged  in  them  alone.  In  these  cases  of  large  addition  of  blood  the 
extra  quantity  appears  to  be  lodged  in  the  small  veins  and  capillaries  (espe- 
cially of  the  internal  organs),  which  are  abnormally  distended  to  contain 
the  surplus. 

We  learn  from  these  facta  the  two  practical  leaaons,  first,  that  blood- 
pressure  cannot  be  lowered  directly  by  bleeding,  unless  the  quantity  removed 
De  dangerously  large,  aud  secondly,  that  there  is  no  necessary  connection 
between  a  high  blood -]>res8ure  and  fulness  of  blr)nd  or  plethora,  since  an 
enormous  quantity  of  blood  may  be  driven  into  the  vessels  without  any 
marked  rise  of  pressure. 
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§  187.  The  facts  dwelt  on  in  the  foregoing  sections  have  shown  us  that  the 
factors  of  the  vascular  mechauiBni  may  be  regarded  as  of  two  kinds:  one 
constaDt  or  approximately  constant^  the  t>ther  variable. 

The  constant  factors  are  supplied  by  the  length,  natural  bore,  and  distri- 
bution of  the  bloodvessels,  by  the  extensibility  and  elastic  reaction  of  their 
walls,  and  by  such  mechanical  contrivances  as  the  valves.  By  the  natural 
bore  of  the  various  bloodvessels  is  infant  the  diameter  which  each  wttuld 
assume  if  the  muscular  fibres  were  wholly  at  rest,  aud  the  pressure  of  tluid 
within  the  vessel  were  equal  to  the  pressure  outside.  It  is  obvious,  however, 
that  eveu  these  factors  are  only  apfiroximately  constant  for  the  life  of  an 
individual.  The  length  and  disrributitm  of  the  vessels  change  with  the 
growth  of  the  whole  body  or  part^  of  the  body,  and  the  physical  qualities 
of  the  walls,  especially  of  the  arterial  walls,  their  extensibility  and  elastic 
reaction  change  continually  with  the  ag<^  of  the  individual-  As  the  body 
grows  <dder  the  once  Hupple  and  elastic  arteries  become  more  and  ni(rre  stiff 
and  rigid,  and  often  in  middle  life,  or  it  may  be  earlier,  a  lessening  nf 
arterial  resilience  which  proportionately  impairs  the  value  of  the  vascular 
mechanism  as  an  agent  of  nutrition,  marks  a  step  toward  the  grave.  The 
valvular  mechanisms,  too,  also  show  signs  of  age  as  years  advance,  and 
more  or  less  marked  aud  increasing  imperfections  diminish  the  usefulness  of 
the  machine. 

The  chief  variable  factors  are  on  the  one  hand  the  beat  of  the  heart,  aad 
on  the  other  the  peripheral  resistance,  the  vartatious  in  the  latter  being 
chiefly  brought  about  hy  muscular  contraction  or  relaxation  in  the  minute 
arteries,  but  also,  though  to  what  extent  has  not  yet  been  accurately  deter- 
mined, by  the  condition  of  the  walls  of  the  minute  vessels  according  to 
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wliicb  the  blood  can  pass  through  them  with  less  or  with  greater  ease,  ae 
wrll  as  hy  the  character  of  the  circulating  blood. 

•5  188.  These  two  chief  variables,  the  beat  of  the  heart  and  the  width  of 
e  luiuute  arteries,  are  kuown  to  be  goverued  aud  rej^ulated  by  the  central 
nervoiifl  sygtem,  which  adapts  each  to  the  circunigtaitcc  of  the  moment,  and 
at  the  same  time  brings  the  two  into  mutual  iuterdependeuce  ;  but  the  central 
I  D^nrous  system  is  not  the  only  means  of  government ;  there  are  other  modes 
'        of  regulation,  and  so  other  safeguards. 

'  Thus  while  undoubtedly  the  two  prominent  governors  of  the  heart  are  the 

^^^iabibitory  fibres  of  the  vagus  and  the  augmentor  fibres  from  the  splanchnic 
^^■(fibeni.  the  one  slowing  the  rhythm  and  weakening  the  stroke,  the  other 
^Hiuickening  the  rhythm  and  strengthening  the  stroke,  other  causes  may  vary 
^Hlthe  brat  in  the  absence  of  any  action  of  either  of  these  two  nerves.  Mere 
^^diileii(iuu  of  the  ventricle,  by  increasing  the  tension  of  the  ventricular 
I  AVM,  and  so  increasing  the  force  of  the  contraction  of  each  fibre  (see  ^  162), 
f  briDga  about  a  more  forcible  beat.  As  we  shall  see  in  dealing  with  respira- 
tion, •  powerful  inspiration  leads  to  a  larger  How  *>f  blotvd  into  the  heart, 
and  forthwith  the  ventricle,  out  of  its  very  fulness,  gives  stronger  beats  for 
the  time.  So  also  when  by  valvular  disease  or  otherwise  an  unusual  obstacle 
is  presented  to  the  outflow  from  the  ventricle,  increased  vigor  in  the  strokes 
of  tbe  distended  organ  strives  to  compensate  the  mischief.     As,  however,  in 

hlbe  c«*e  of  the  skeletal  muscle,  the  tension,  if  too  great,  may  he  injurious. 
In  a  similar  manner  the  auricle,  by  a  stronger  or  a  weaker  contraction,  may 
diatend  the  ventricle  to  a  greater  or  to  a  less  extent,  and  so  produce  a  stronger 
or  weaker  ventricular  systole. 
$  189.  Still  more  efficient,  perhaim,  as  a  direct  governor  of  the  heart's 
beat  is  the  quality  and  quantity  of  b]oo<l  passing  in  the  mammal  through 
I         the  comuary  arteries  aud  regulating  the  nutrition  of  the  cardiac  substance. 
In  tbe  absence   of  all   interference  by  inttihitory  and  augmentor   fihrefl   the 
heart  will  continue  beating  with  a  certain  rhythm  and  force,  determined  by 
!         tbe  metabolism  going  on  certainly  \u  its  muscular,  and  possibly  to  a  certain 
extent  also  in  its  nervous  elements.      We  have  seen  that  the  energy  set  free 
in    an  ordinary  skeletal    muscle,  in   retjjxjnse  to   a  stimulus,  may  vary  from 
nothing  In  a  maximum  according  to  the  metabolism  going  on — according  to 
ibe  nutritive  vigi>r  of  the  muscular  fibres.     The  spontaneous  rhythmic  beat 
'  the  canliac  substance  may  be  regarded  as  the  outcome  of  a  metabolism 
highly  pitched,  more  elaborate,  of  a  liigher  order  than  that  which 
furnishes  the  ordinary  skeletal   fibre  with  mere  irritability  toward 
All  the  more,  therefore,  may  tbe  beat  be  expected  to  be  influenced 
any  change  in  the  metabolism  of  the  cardiac  substance,  and  so  by  any 
ange  in  the  bI(H>d  which  furnishes  the  basis  for  that  metabolism.     Hence 
beat  of  the  heart,  quite  apart  from  extrinsic  nervous  influences,  may 
largely  in  consequence  of  changes  in  its  own  metabolism,  which  in  turn 
mar  result  from  alterations  in  the  blood-supply,  or  may  have  a  deeper  origin, 
Aod  be  due  to  tbe  fact  that  the  cardiac  substance,  owing  to  failure  in  its 
Siolecular  organization  (a  failure  which  may  be  temporary  or  permanent),  is 
ble  to  avail  itself  properly  of  the  nutritive  opportunities  afforded  by  a 
1  quantity  of  normal  bloo<l. 
{  190.  Ae  is  well  known,  the  beat  of  the  heart  may  become  temporarily  or 
rnianeutly  irregular;  that  many  hearts  goon  beating  day  afVer  day,  year 
'jtt  year,  without  any  such  irregularity  is  a  striking  profd'  of  the  complete 
lance  which   usually  obtains  between  the  several  factors  of  which  we  are 
speaking.     Sometimes  such  cardiac  irregularities,  those  of  a  transient  nature 
and  brief  duration,  are  the  results  of  extrinsic  nervous  influencea.     Some 
•venla  taking  place  in  the  stomach,  for  instance,  give  rise  to  afferent  iropulsea 
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which  ascendiD^  from  the  mucoii&  membrane  of  the  stomach  aloDg  certaia 
afTerent  tibresot  the  vagud  to  the  medulla  oblongata,  bo  augmeut  the  action  of 
the  cardio-inhibitory  centre  as  to  atop  the  heart  fur  a  beat  or  two,  the  stop- 
page being  fpeqnently  followed  by  a  temporary  increase  in  the  rapidity  and 
force  of  the  beat.  Such  a  passing  failure  of  the  heart-beat,  in  its  sudden 
onset,  in  ita  brief  duration,  and  in  the  reaction  which  follows,  very  closely 
resembles  the  temporary  inhibition  brought  about  by  artificial  atimulaiion  of 
die  vagus.  But  these  characters  are  not  essential  to  cardiac  inhibition.  For 
it  must  be  remembered  that  the  central  nervous  system  possesses,  in  the  form 
of  natural  nervous  impulses  of  various  origin,  a  means  of  stimulation  far 
finer,  more  delicate  and  more  varied  than  anything  we  can  effect  by  our 
rough  means  of  induction  coils  and  electrodes.  Thus  in  many  cases  of  faint- 
ing, the  heart-beatfl,  instead  of  stopping  abruptly,  gradually  die  away  or 
fade  away  it  may  be  to  an  absolute  brief  arrest,  but  more  frequently  merely 
down  to  a  feebleness  which  is  iusuthcient  to  supply  the  brain  with  a  quantity 
of  blond  adequate  to  maintain  cousciousnesa,  and  then  in  many  cases,  at  all 
events,  are  resumed,  or  recover  strength  gradually  and  quietly  without  any 
boisterous  reaction.  In  all  probability  all  cases  of  simple  fainting  from 
emotion,  pain,  digestive  trrnibles,  etc.,  as  distinguished  fr»m  the  syncope  of 
actual  heart  disease,  are  instances  of  vagus  inhibition,  and  though  we  cannot 
accurately  reproduce  their  varied  phases  by  direct  8timulatii>n  of  the  vagus 
trunk,  we  may  approach  them  more  nearly  by  producing  reflex  inhibition, 
as  by  mechanical  irritation  of  the  abdomen,  see  t^  159. 

Whether  definite  temporary  irregularity  is  ever  brought  about  by  means 
of  the  augraenUjr  fibres,  we  have  at  prer*ent  no  clear  evidence ;  but  cases  do 
occur  of  palpitation  without  previous  stofjpBge,  cases  in  which  a  few  hurried 
strong  beats  come  on,  pass  off,  and  are  followed  by  feebler  beats;  and  these 
may  possibly  be  due  to  some  transient  iuflneuce  of  augmentor  fibres  thrown 
into  activity  as  part  of  a  reflex  act  or  otherwise.  And  though  we  have  no 
direct  experimental  evidence,  it  is  very  probable  that  the  acceleration  or 
augmentation  of  the  heat,  or  a  combinaiion  of  the  two,  which  so  often  follows 
emotion,  is  carried  out  by  augmentor  fibres. 

In  all  probability,  however,  irregularity  in  the  heart-beat  is  much  more 
frequently  the  result  of  intrinsic  events,  or  the  product  of  a  disordered  nutri- 
tion of  the  cardiac  substance.  The  normal  nutrition  sets  the  pace  of  the 
normal  rhythm.  We  cannot  explain  how  this  is  afiected  ;  nor  can  we  explain 
why  in  one  individual  the  normal  pace  is  set  so  low  as  ")0  or  even  '^0  beata 
a  minute,  and  in  another  as  high  as  UO  a  minute  nr  even  more,  while  In  most 
persons  it  is  about  7L>  a  minute.  The  slower  or  the  quicker  the  pace,  though 
not  normal  to  the  species,  must  be  considered  as  normal  to  the  individual, 
for  it  may  be  kept  up  through  long  years  in  an  organism  capable  of  carrying 
on  a  normal  man's  duties  ami  work.  So  loug  as  we  cannot  explain  these 
diifereDces  we  cannot  hope  in  explain  how  it  is  that  a  disordered  nutrition 
brings  about  an  irregular  heart-beat,  either  the  more  regular  irregularity  of 
a  "  dropping  "  pulse,  that  is,  a  failure  of  sequence  rather  than  an  irregularity, 
or  a  more  actively  irregular  rhythm,  such  as  that  accompanying  a  dilated 
ventricle.  We  may,hi»wever,  distinguish  two  kinds  of  irregularity  ;  one  in 
which,  in  spite  of  all  favorable  nutritive  condilious,  the  cardiac  substance 
cannot  secure,  even  perhaps  fnr  a  minute,  a  steady  rhythm  ;  and  another  in 
which  the  rhythm,  though  normal  under  ordinary  circumstances,  is,  so  to 
speak,  in  a  condition  of  unstable  equiUbriuni.so  that  a  very  slight  change  in 
conditions,  too  much,  or  too  little  blood,  or  some  small  alteration  in  the  com- 
position of  the  blood,  or  the  advent  of  some,  it  may  be  slight,  nervous 
impulse,  augmentor  or  inhibitory,  develops  a  temporary  irregularitv 

§  191.  No  one  thing,  perhaps,  couceruiog  the  heart  is  more  striking  than 
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Um  &ct  that  a  heart  which  Bab  gone  on  beating  for  many  years,  with  only 
tomporary  irregularities,  and  tht^se  few  and  far  between,  a  heart  which  must, 
ihanfore,  have  executed  with  long-continued  regularity,  many  millions  of 
bean,  iibould  •uddenly,  apparently  without  warning,  after  a  brief  flickering 
iftnigicle,  ceaae  to  beat  any  more.  But  we  must  remember  that  each  beat  is 
Ml  effort — an  etfjrt  moreover,  which,  as  we  have  seen  (^  loo),  is  the  beat 
UuU  the  heart  can  make  at  the  moment,  the  accomplishnient  of  each  beat 
k.  90  to  speak,  a  hurdle  which  has  to  be  leaped — 4>ne  of  the  long  series  of 
burdlea  which  make  up  the  steeple-chase  of  life.  At  any  one  leap  failure 
mar  occur ;  so  long  as  failure  does  not  occur,  so  lung  as  the  beat  is  made, 
AOa  A  fair  proportion  of  the  ventricular  contents  are  discharged  into  the 
great  veasels,  the  chief  end  is  gained,  and  whether  the  leap  is  made  clumsily 
or  well  18,  relatively  considered,  of  secondary  importance.  But  if  the  beat 
be  not  made,  everything  almost  (provided  that  the  miss  be  due  not  to  vagus 
inhibition  but  to  intrinsic  events)  is  unfavorable  for  a  succeeding  beat ;  the 
myaterious  molecular  changes,  by  which  the  actual  occurrence  of  one  beat 
pcepares  the  way  for  the  next,  are  missing,  the  favorable  influences  of  the 
•ztra  rash  of  blood  through  the  coronary  arteries  due  to  a  preceding  beat 
niiseiDg  also,  and  even  the  distention  of  the  cardiac  cavities,  at  first 
vnrable,  speedily  passes  the  limit  and  becomes  unfavorable.  And  these 
otoward  influences  accumulate  rapidly  as  the  first  miss  is  followed  by  a 
d,  and  by  a  third.  In  this  way  a  heart,  which  has  been  brought  into  a 
of  unstable  equilibrium  by  disordered  nutrition  (as  for  instance  by 
imperfect  coronary  circulation,  such  as  seems  to  accompany  diseases  of  the 
aortic  valves  leading  to  regurgitation  from  the  aorta  into  the  ventricle,  in 
which  caww  sudden  death  is  not  uncommon),  which  is  able  Just  to  accomplish 
each  beat,  but  no  more,  which  has  but  a  scanty  saving  store  of  energy,  under 
oome  vtrain  or  other  untoward  influence,  misses  a  leap,  falls,  and  is  no  more 
able  tn  rise.  Dv)ubtless  in  such  cases  could  adequate  artificial  aid  ha 
promptly  applied  in  timc^  could  the  fallen  heart  he  atirre<I  even  to  a  single 
Deat,  the  favorable  reaction  of  that  beat  might  bring  a  successor,  and 
se  more  start  the  series  ;  but  such  a  period  of  ^race,  of  potential  recovery, 
a  brief  one.  Even  a  coarse  skeletal  muscle,  when  cut  off  from  tbe 
drcolation,  8'>on  loses  its  irritability  beyond  all  recovery,  and  the  heart  cut 
from  its  own  influence  on  itself  runs  down  so  rapidly,  that  the  period 
^f  priff-ible  recovery  is  measured  chiefly  by  seconds. 

§192.  Turning  now  to  the  minute  arteries  and  the  peripheral  resistance 

hich  they  regulate,  we  may  call  to  mind  the  existence  of  the  two  kinds  <»f 

antsm,  the  vaeo-constrictor  mechanism,  which,  owing  to  the  maintenance 

br  tbe  central  nervous  system  of  a  tonic  influence,  can  be  worked  both  in  a 

p<Mitive  constrictor,  and  in  a  negative  dilator  direction,  and  the  vaso-dilator 

juechaniam,  which,  a?  far  as  we  know,  exerts  its  influence  in  one  direction 

ly,  vLe.,  to  dilate  the  bloodvessels.     The  latter  dilator  mechanism  seems, 

we  have  seen,  to  be  used  in  special  instances  only,  as  seen  in  the  cases  of 

ibe  chnnla  tympani  and  nervi  erigentes ;  the  use  of  the  former  constrictor 

ochaoiam  apfiears  to  be  more  general.     Thus  the  relaxation  of  the  cutane- 

arteries  of  the  bead  and  neck,  which  is  the  essential  feature  in  blushing, 

due  to  mere  loss  of  tone,  Ut  the  removal  of  constrictor  influences  pre- 

ly  exerted  through  the  vaso-constrictor  fibres  of  the  cervi(»I  eympa- 

c.     Though  probably  dilator  fibres  pass  directly  along  the  roots  of  ihe 

cal  and  of  certain  cranial  nervee  to  the  nerves  of  the  head  and  neck, 

e  have  no  evidence  that  these  come  into  play  in  blushing;  as  we  have  seen, 

luabiug  may  be  imitate^l  by  mere  section  of  the  cervical  sympathetic.     8o 

bo  the  "glow"  and  redness  of  the  skin  of  the  whole  body,  i.  e.,  dilatation 

lly  of  the  cutaneoua  arteries,  which  is  produced  by  external  warmth. 
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is  probably  another  instance  of  iJirniuished  activity  of  tonic  constrictor  inHu- 
eucce  ;  though  thu  rcHuLt,  that  the  tlilatution  produced  by  wariuiug  an  animal 
in  an  oven  is  greater  ihau  that  produced  by  gection  of  nervea,  seems  to  point 
(o  the  dilator  fibres  for  the  cutaueous  vessels  which,  as  we  have  seen,  proba- 
bly exist  in  the  sciatic  and  brachial  plexuses  and  possibly  In  all  the  spinal 
nerves,  aleo  taking  part  in  the  action.  A  similar  losa  of  constrictor  action 
in  the  cutaneous  vessels  no  ay  be  the  reeult  of  certain  emotions,  whether  going 
8o  far  as  actual  blushing  of  the  body,  or  merely  producing  a  *'glow."  The 
eilect  of  cold,  on  the  other  baud,  and  of  certuin  emotions,  or  of  emotions 
under  certain  conditions,  is  to  increase  the  constrictor  action  on  the  cutane- 
ous vessels,  ar.d  the  akin  grows  pale.  It  may  be  worth  while  to  point  out, 
that  in  both  the  above  cases,  while  both  the  cold  and  warmth  produce  their 
effect,  chiefly  at  all  events  through  the  central  nervous  system  and  very 
slightly,  if  at  all,  by  direct  action  on  the  skin,  their  action  on  the  central 
nervous  system  is  not  simply  a  general  augmentation  or  inhibition  of  the 
whole  vasomotor  centre.  On  the  contrary,  the  cold,  while  it  constricts  the 
cutaneous  vessels,  so  acts  on  the  vasomotor  centre  us  to  inhibit  that  portion 
of  the  vasomotor  centre  which  governs  the  abdominal  splanchnic  area; 
while  leas  blood  is  carried  to  the  colder  skin,  by  the  opening  up  of  the 
splanchnic  area  more  bood  ia  turned  on  to  the  warmer  regions  of  the  body, 
and  the  rise  of  blood-pressure  which  the  constriction  of  the  cutaneous  vessels 
tended  to  produce,  and  which  might  be  undesirable,  is  thereby  prevented. 
Gmversely  when  warmth  dilates  the  cutaneous  vessels,  it  at  the  same  time 
constricts  the  abdominal  eplnncbnic  area,  and  prevents  an  undesirable  fall 
of  pressure. 

The  warm  and  flushed  condition  of  the  skin,  which  follows  the  drinking 
of  alcoholic  fluids,  is  probably,  in  a  similar  muutier  the  result  of  an  inhibi- 
tion of  that  part  of  the  vasomotor  centre  which  governs  the  cutaneous 
arteries ;  and  it  i^  probable  also,  that  except  for  the  local  etiect  of  the  fluid 
on  the  gastric  mucous  membrane,  whereby  some  amount  of  blushing  of  the 
gastric  oloodvessels  takes  place  as  a  reflex  act,  this  effect  on  the  vessels  of  the 
skin  is  accompanied  by  an  inverse  constrictor  action  in  the  splanchnic  area. 
This  last  point,  however,  has  not  been  proved  experimentally  and  may  not 
occur,  since  the  induence  of  the  alcohcd  ia  at  the  same  time  to  increase  the 
heart's  action,  and  thus  to  obviate  the  fall  of  pressure  which  would  certainly 
occur  were  the  cutaDeuua  and  splanchnic  vascular  areas  to  be  dilated  at  the 
same  time.  This  ett'ect  of  the  alcohol  on  the  heart  may  be  a  direct  action  of 
the  alcohol  on  the  cardiac  substance,  being  carried  thilher  by  the  blootl ;  but 
the  etfect,  in  being  an  augmentation  of  the  force,  aud  acceleration  of  the  pace 
of  the  heart-heat  of  a  temporary  character,  followed  by  a  reaction  in  the 
direcii<m  of  feebleness  and  tjlowness,  so  strikingly  resemble  the  eflects  of  arti- 
ficially stimulating  the  cardiac  augraentor  fibres,  that  it  is  at  least  probable 
that  the  alcohol  does  act  upon  the  cardiac  augtnenli^r  mechanism. 

!il93.  The  influence  on  the  body  of  exercise  illustrates  both  the  manner 
in  which  the  two  vascular  factors,  the  heart-beat  and  the  peripheral  recist- 
ance,  are  modifled  by  circu instances,  and  the  mutual  action  of  these  on  each 
other. 

When  the  body  passes  from  a  condition  of  comparative  rest  and  quiet  to 
one  of  exertion  and  movement,  the  metabolism  of  the  skeletal  muscles  (and 
of  the  nervous  system)  is  increased  and  mrjre  heat  is  generated  in  them. 
"We  know  for  certain  that  the  increased  metabolism  throws  into  the  blood  of 
the  veins  coming  from  the  muscles  an  increased  amount  of  carbonic  acid, 
and  it  is  probable,  but  not  so  certain,  that  it  also  loads  the  blood  with  lactic 
acid  and  other  metabolic  products  ;  at  the  same  time,  there  is  an  increased 
consumption  of  oxygen  ;  the  blood  of  the  body  tends  to  become  leas  arterial 
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and  more  vennue.  Id  denlioK  witb  respiration^  we  shall  aee  that  the  influ- 
•noe  thug  exerted  on  the  hlot-id  leads  to  an  increase  in  the  respiratory  roove- 
sieots,  ftod  we  ehall  further  see  that  the  more  vigorous  working  of  the 
respiratory  pump,  eiuce  it  promotes  the  flow  of  blood  tn  and  through  the 
heart  and  lungs,  quickens  and  strengthens  the  heart-beats.  Possibly  this 
mere  mechaoical  effect  of  the  more  vigorous  breathing  is  sufficient  by  itself 
tr>  account  for  the  increaae  in  the  frequency  and  vigor  of  the  heart's  action, 
bat  it  is  more  than  probable  that  it  is  the  changed  condition  of  the  blood, 
which,  while  it  hurries  ou  the  respiratory  pump,  aUo  stimulates  the  vascular 
pump,  either  by  a  direct  action  on  the  cardiac  substance,  or  through  the 
roedium  of  the  central  nervous  system  and  the  augmentor  fibres.  li\  as 
experimente  seem  to  show,  the  increased  vigor  of  the  respiratory  movements 
compeDMtes,  or  even  over-cow [>ensate8,  the  tendency  of  the  whole  blood  to 
become  more  venous,  so  that  during  exercise  the  blood,  which  is  distributed 
by  the  aorta,  actually  does  not  contain  more  carbonic  acid  and  leas  oxygen 
than  the  rest  but  even  the  reverse,  then  these  effects  must  he  due  to  some  of 
the  nnnlucts  of  muscular  metabuliem  other  than  carbonic  acid. 

The  same  changed  condition  of  blooil,  while  it  thus  excite?  the  heart  dilates 
the  cutaneous  vesselH,  an  is  clearly  shown  by  the  warm  flushed  skin,  and  at 
the  same  time  throws  into  activity  the  perspiratory  mechanism  with  which 
we  shall  hereafter  have  to  ileal.  There  can  be  no  doubt,  as  we  shall  see 
later  on,  that  the  perspiration  which  accompanies  muscular  exercise  is 
brought  about  by  means  of  the  central  nervous  system,  and  we  may  almost 
with  certainty  conclude  that  the  dilatation  of  the  cutaneous  arteries  is  also 
brought  about  bv  means  of  the  central  nervous  system,  and  most  probably 
by  means  of  an  inhibition  of  that  part  of  the  vasomotor  centre  which  main- 
tains  under  ordinary  circumstances  a  greater  or  less  tonic  constriction  of  the 
cotaoeoua  arteries;  how  far  this  may  be  as8iste<l  by  the  special  action  of 
raso-dilator  fibres  we  do  not  know. 

This  widening  of  the  cutaneous  arteries  diminishes  largely  the  peripheral 
ice,  and  so  tends  to  lower  the  blood-pressure.  Moreover,  with  each 
of  each  skeletal  muscle  the  minute  arteries  of  that  muscle  are  dilated, 
BO  that  during  exercise,  and  especially  during  vigorous  exercise  calling  into 
action  many  skeletal  muscles,  there  must  be  in  the  body  at  large  a  very  con- 
siderable widening  of  the  minute  arteries  dintributed  to  the  various  muscles, 
ftod  in  consequence  a  very  considerable  diminution  of  the  peripheral  resist- 
ance. These  two  diminutions  of  [wripheral  resistance,  cutaneous  and  mus- 
cular, would  tend  to  lower  the  blood-pressure — a  result  which  would  be  moat 
iojurious,  since  the  increased  metabolism  of  the  muscles  demands  a  more 
rapid  circulation  in  order  to  get  rid  of  the  products  of  metabolism,  and  for  a 
rapid  circulation  a  high  blood-pressure  is  in  most  cases  necessary,  and  in  all 
advantageous.     The  evil  is,  in  part  at  all  events,  met  by  ihe  increased 

^Ibrce  and  frequency  of  the  heart's  beats,  for,  as  we  have  said  again  and 
igain,  the  mean   blood -pressure  is  the  product  of  the  heart-beat  working 

^agaiost  the  peripheral  resistance,  and  may  remain  constant  when  one  factor 
iocreased  or  diminished,  provided  that  the  other  factor  be  prof>ortiunately 
liminisbed  or  increased.     It  is  possible,  then,  that  the  mere  increase  in  the 

[Iwait's  beats  are,  during  exercise,  sufficient  to  neutralize  the  diminution  of 
rripbera]  resistance,  or  even  to  raise  the  blooii-pressure  above  the  normal ; 
aod.  indeed,  we  find,  as  a  matter  of  fact,  that  during  exercise  there  is  such 
mn  inoreaae  of  the  mean  blood-pressure.     But  it  is  more  than  probable  that 
XDUch  valuable  labor  of  the  heart  is  economized  by  neutralizing  the  imminent 
fill  of  blood- pressure  in  another  manner.     It  would  appear  that  while  that 
irl  of  the  vasomotor  centre  which  governs  the  cutaneous  vascular  area  is 
inhibited,  that  part  which  governs  the  abdominal  splanchnic  area  is, 
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on  the  cuntrary^  being  augmenled.  And  in  thia  way  a  double  euJ  is  gained. 
Oil  the  one  hand,  the  mean  hlond-preaaiire  ia  maintained  or  increased  in  a 
more  economical  raaoner  than  by  increasing  the  heart-beats,  and,  nn  the 
other  hand,  the  bbiod  during  the  exerciae  is  turned  away  from  the  digestive 
organs,  which  at  the  time  are,  or  ought  to  be,  at  rest,  and  therefore  requiring 
comparatively  little  blood.  These  organs  certainly,  at  all  events,  ought  not 
during  exercise  to  be  engaged  iu  the  task  of  digesting  and  absorbing  food, 
and  the  old  saying,  "after  dinner  sit  awhile,"  may  serve  as  an  illustration  of 
the  working  of  the  vascular  mechanism  with  which  we  are  dealing.  The 
duty  which  some  of  the  digestive  organs  have  to  carry  out  iu  the  way  of 
excretion  of  metabolic  waste  products  is  during  exercise  probably  taken  un 
by  the  flushed  and  perspiring  skin.  It  is  true  that  at  the  beginning  of  a 
period  of  exercise,  before  the  skin,  ho  to  s|>eak,  has  settled  down  to  its  work, 
an  increased  flow  <jf  urine,  dependent  on  or  accompanied  by  an  increased  flow 
of  blooil  thn^ugh  the  kidney,  may  make  its  appearance;  but  in  this  case,  as 
we  shall  see  later  on  in  dealing  with  the  kidney,  the  How  of  bl^md  through 
the  kidney  may  be  increased  in  spite  of  constriction  of  the  rest  of  the 
splaDchnic  area,  and,  besides,  such  an  initial  increase  of  urine  speedily  gives 
way  to  a  decrease. 

^  104.  The  effect  of  food  on  the  vascular  mechanism  affords  a  marked  con- 
trast to  the  eliect  ot  bodily  labor.  The  most  marked  result  ta  a  widening  of 
the  whole  abdomiual  splanchnic  area,  accompanied  by  so  much  constriction 
of  the  cutaneous  vascular  area,  and  so  much  increase  o?  the  hearths  beat,  as 
ia  sufficient  to  neutralize  the  tendency  of  the  widening  of  the  splanchnic  area 
to  lower  the  mean  pressure,  or  perhaps  even  sufficient  to  raise  slightly  the 
mean  pressure. 

Any  large  widening  of  the  cutaneous  area^  eaiKJCially  if  accompanied  by 
muscular  labor  and  the  incident  widening  of  the  arteries  of  the  muscles, 
would  tend  so  to  lower  the  general  blood-presanre  (unless  met  by  a  wasteful 
use  of  cardiac  energy)  as  injuriously  to  lessen  the  flow  through  the  active 
digesting  viscera.  A  moderate  constriction  of  the  cutaneous  vessels,  on  the 
other  hand,  by  throwing  more  blood  on  the  abdominal  splanchnic  area  with- 
out taiijking  the  heart,  is  favorable  to  digestion,  and  is  probably  the  physio 
logical  explanation  of  the  old  saying,  **If  you  oat  till  you're  cold,  you'll 
live  to  be  old." 

In  fact,  during  life  there  seems  to  be  a  continual  give-and-take  between 
the  bloodvessels  of  the  somatic  and  those  of  the  splanchnic  divisions  of  the 
body ;  to  fill  the  one,  the  other  is  proportionately  emptied,  and  vice  »fraa. 

4;  195.  We  have  seen  (^  1 74)  that  certain  afferent  fibres  of  the  vagus  form- 
ing in  the  rabbit  a  separate  nerve,  the  depressur  nerve,  are  associated  with 
the  vaao-coustrictor  nerves  and  the  vasoraotor  centre  in  such  a  way  that 
tmpalses  passing  centripetally  along  them  from  the  heart  lower  the  blood- 
pressure  by  diminishing  the  peripheral  reeistaucet  probably  iuhibiliog  the 
tonic  constrictor  influences  exerted  along  the  abdominal  splanchnic  nerves, 
and  80,  as  it  were,  opening  the  enlanchnic  flood-gates.  We  do  not  possess 
much  exact  information  about  tne  use  of  these  afferent  depressor  fibres  in 
the  living  body,  but  probably  when  the  heart  is  laboring  against  the  blf»od- 
presBure  which  is  too  high  for  its  powers,  the  condition  of  the  heart  starts 
impulses  which,  passing  along  the  depressor  fibres  up  to  the  medulla 
oblongata,  temper  down,  so  to  speak,  the  blood-pressure  to  suit  the  cardiac 
strength. 

W^e  have,  moreover,  reason  to  think  that  not  only  does  the  heart  thus 
regulate  the  blood-pressnre  by  raeana  nf  the  depre-ssor  fibres,  but  also  that 
the  blood-pressure,  acting,  as  it  were,  in  the  reverse  direction,  regulates  the 
heart-beat;  a  too  high  pressure,  by  acting  directly  uq  the  cardio-inhibitory 
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MtiCre  in  (be  meduUaoblongiita  (either  directly — that  is.  aa  the  result  of  the 
Trnftctilsr  condition  of  tho  medulla  itself — oriarliroctlyt  by  impulses  reaching 
the  iii«dutla  along  AtlVrent  nerves  from  various  parts  of  the  body)  may 
tend  iohibitory  lEupuleea  down  the  vagus,  and  so  slit^cken  or  tond  down  the 
heart- beatft. 

In  the  following  iections  of  this  work  we  shall  see  repeated  instances, 
^^***^  to  <iT  even  more  atnkiog  than  the  above,  of  the  managetnent  of  the 
T— enlar  mevhauism  by  means  uf  the  nervous  system,  and  \ve^  th+jrelbre,  need 
dwdl  no  loD^r  on  the  subject 

We  may  nmplr  repeat  that  at  Uie  centre  lies  the  cardiac  muscular  fibre, 
and  at  the  penpheiy  the  plain  muscular  fibre  of  the  minute  artery.  On 
these  two  elements  the  central  nervous  system,  directed  by  this  or  that 
impalse  reaching  it  along  afl^rent  nerve  fibres,  or  affected  directly  by  this  or 
that  infiaence,  u  during  life  continually  playing,  now  augmenting,  now 
inhilntinK,  now  the  one,  now  the  other,  and  so,  by  help  of  the  elasticity  of 
the  arteries  and  the  mechanism  of  the  valves,  directing  toe  blood-flow  accord- 
ing to  the  needs  of  the  body. 
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CHAPTER    I. 


THE  TISSUES  AND  MECHANISMS  OF  DIGESTION. 


$19S.  The  food 


along 


I 


pimmf;  along  the  alimentary  canal  is  subjected  to  the 
action  of  certain  juices  supplied  by  the  secretory  activity  of  the  epithelium 
eelli  which  line  the  canal  itself  or  which  form  part  of  iu  glandular  appen* 
dag«B.  These  juices,  viz.,  saliva,  gastric  juice,  bile,  pancreatic  juice,  and 
th«  tecretions  of  the  small  and  large  intestines,  [>oure<l  upon  and  mingling 
with  the  food  produce  in  it  such  changes  that,  from  being  largely  iusuluble, 
it  beoomes  largely  soluble,  or  otherwise  modify  it  in  such  a  way  that  the 
larger  ftart  of  what  is  eaten  pa8ses  into  the  blood,  either  directly  by  meaua 
of  the  capillaries  of  the  alimentary  canal,  or  indirectly  by  means  of  the 
Iscteal  system,  while  the  smaller  part  is  rlischarged  a:^  excrement. 

Those  parts  of  tbe  food  which  are  thus  digested,  absorbed,  and  made  use 
of  hj  the  body,  are  spoken  of  as  food-stuffs  (they  have  also  been  called 
mlimeniaty  principles)^  and  may  be  conveniently  divided   into  four  great 

dflflMB! 

1.  Proteids.  We  have  previously  (5i  15)  spoken  of  the  chief  characters  of 
this  class,  and  have  dealt  with  several  members  in  treating  of  blood  and 
noscle.  We  may  here  repeat  that  in  general  composition  they  contain  in 
100  parts  by  weight  "in  round  numbers "  rather  more  than  15  parts  of 
nitrogen,  rather  more  than  50  parts  of  carbon,  about  7  parts  of  hydrogen, 
and  rather  more  than  20  parts  of  oxygen ;  though  essentially  the  uitro- 
gmoas  bodies  of  food  and  of  the  body,  they  are  made  up  of  carbon  to  the 
extent  of  more  than  half  their  weight. 

Tbe  oitrogeoous  body  gelatin,  which  occurs  largely  in  animal  food,  and 
nooM  other  bodies  of  leaa  importance,  while  more  closely  allied  to  proteid 
bodisi  than  to  any  other  class  of  organic  substances,  differ  considerably  from 
protetda  in  c<>m|>ositi(m  and  especially  in  their  behavior  in  the  body ;  they 
are  not  of  sufficient  importance  to  form  a  class  by  themselves. 

2.  fate,  frequently  but  erroneously  called  hydrocarbons.  These  vary  very 
widely  in  chemical  composition,  ranging  from  such  a  comparatively  simple 
fill  as  butyrin  to  the  highly  complex  lecithin  (§71);  they  all  [Mjs»e«s,  in 
Tiew  uf  the  oxidation  of  both  their  carbon  and  their  hydrogen,  a  large 
amount  of  potential  energy. 

3.  Carbohydrates,  or  sugars  and  starches.  These  poasees,  weight  for 
weight,  relatively  less  pitteotial  energy  than  ilo  fats;  tney  already  contain 
in  ibemselves  a  large  amount  of  o^uihinetl  oxygen,  and  when  completely 

~  give  out,  weight  for  weight,  leas  heat  than  do  fata. 
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4,  Saline  or  mineral  bodies,  and  u-cUer.  TbesB  salts  are  for  the  moat  part 
inorganic  salts,  and  thia  clafs  differs  from  the  three  precediDg  classes  inas- 
much as  the  usefulness  of  its  members  to  the  body  lies  uot  so  much  in  the 
amount  of  energy  which  may  be  given  out  by  their  oxidation  as  in  the 
various  influences  which,  by  their  presence,  they  exercise  on  the  metabolic 
events  of  the  body. 

These  several  food-stufTs  are  variously  acted  upon  in  the  several  part£  of 
the  alimentary  canal,  and  we  may  distinguish,  as  the  ibod  passes  along  the 
digestive  tract,  three  main  stages:  di^stion  in  the  mouth  and  stomachy 
digestion  in  the  small  intestine,  and  digestion  in  the  targe  intestine.  In 
many  animals  the  first  stage  is,  to  a  large  extent,  preparatory  only  to  the 
second,  which  in  all  the  animals  is  the  stage  in  which  the  food  undergoes 
the  greatest  change  ;  in  the  third  stage  the  changes  begun  in  the  previous 
stages  are  completed,  and  this  stage  is  especially  characterized  by  the  absorp- 
tion of  fluid  from  the  interior  of  the  alimentary  canal. 

It  will  be  convenient  to  study  these  stages  more  or  leas  apart,  though  not 
wholly  BO,  and  it  will  also  be  convenient  to  consider  the  whole  subject  of 
digestion  under  the  following  heads  : 

First,  the  characters  and  properties  of  the  various  juices  and  the  changes 
which  they  bring  about  in  the  food  eaten. 

Secondly,  the  nature  of  the  processes  by  means  of  which  the  epithelium 
cells  of  the  various  glands  and  various  tracts  of  the  canal  are  able  to  manu- 
facture so  many  various  juices  out  of  the  common  source,  the  blood,  and  the 
manner  in  which  the  secretory  activity  of  the  cells  is  regulated  and  subjected 
to  the  needs  of  the  economy. 

Thinlly,  the  mechauisms,  here  as  elsewhere,  chiefly  of  a  muscular  nature^] 
by  which  the  food  ia  passed  along  the  canal  and  most  efficiently  brought' 
into  contact  with  the  several  juices. 

Fourthly  and  lastly,  the  means  by  which  the  nutritious  digested  material 
18  separated  from  the  undigested  or  excremental  material  and  absorbed  into 
the  blood. 


The  Characters  and  Pkopekties  of  Saliva  and  Gastric  Juice. 

Saliva. 


¥ 


§  197.  Mixed  saliva,  as  it  appears  in  the  mouth,  ia  a  thick,  glairy,  gen- 
erally frothy  and  turbid  fluid.  Under  the  microscope  it  is  seen  to  contain, 
beside  the  molecular  dt'-hris  of  food,  bacteria  and  other  organisms  (fre- 
quently cryplogamic  spores)^  epithelium  scales,  raucous  corpuscles  and 
granules,  and  the  so-calloil  salivary  corpuscles.  Its  reaction  in  a  healthy 
subject  is  alkaline,  especially  when  the  secretlim  is  abundant.  When  the 
saliva  ia  scanty,  or  when  the  subject  sutlerB  from  dyspepsia,  the  reaction  of 
the  mouth  may  be  acid.  Saliva  contains  but  little  solid  matter,  on  an  aver- 
age probably  about  r!>  per  cent.,  the  sfjecific  gravity  varying  from  1002  to 
1006.  Of  these  solids,  rather  less  than  half,  about  2  per  cent.,  are  salts 
(including  at  limes  a  minute  quantity  of  potassium  sulphocyanate).  The 
organic  bodies  which  can  be  recognized  in  it  are  globulin  and  serum  albumin 
(see  SS  16,  17),  found  in  small  quauiilies  only — other  obscure  bodies  occur- 
ring in  minute  quantity,  and  muchi  ;  the  latter  is  by  far  the  most  conspicu- 
ous organic  constituent,  the  glairiucss  or  ropiuess  of  mixetl  and  other  kinds 
of  saliva  being  due  to  its  presence. 

Mucin.  If  acetic  acid  be  cautiously  added  to  mixed  saliva,  the  viscidity 
of  the  saliva  is  increased,  and  on  further  addition  of  the  acid  a  semi-opaque 
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>op7  cDftM  separates  out,  leaving  the  rest  of  the  saliva  limpid.  This  ropy 
aiui,  which  is  mucin,  if  stirred  carefully  with  a  glass  rod,  shrinks,  hecomlDg 
o|)«qui\  clings  to  the  glaas  rod,  and  may  he  thus  removed  from  the  fluid.  If 
the  quantity  of  mucin  be  i^mall  and  the  saliva  be  violently  shaken  or  stirred 
while  the  acid  18  being  added,  the  mucin  is  apt  tu  be  precipitated  in  flukes, 
And  may  then  be  separated  by  filtration.  It  may  be  added  that  the  precipi- 
tAiioo  of  mucin  by  acid  is  greatly  influenced  by  the  presence  of  sodium 
chloride  and  other  salts;  thus,  after  the  addition  of  sodium  chloride  acetic 
acid,  even  in  considerable  excess,  will  not  cause  a  precipitate  of  mucin. 

Mucin,  thus  prepared  and  puritied  by  waahiug  with  acetic  acid,  swells  out 
iu  waier  without  actually  dissolving;  it  will,  however,  dissolve  into  a  viscid 
fluid  rvadily  in  dilute  (0.1  per  cent.)  solutions  of  potaaaium  hydrate,  more 
slowly  in  solutions  of  alkaline  salta.  In  order  to  filter  a  mucin  solution, 
great  dilution  with  water  is  necessary. 

Mucin  is  precipitatetl  by  strong  alcohol  and  by  various  metallic  salts;  it 
nwT  also  be  precipitated  by  dilute  mineral  acids,  but  the  precipitate  is  then 
•oluble  iu  excess  of  the  acid. 

Mucin  gives  the  three  proteid  reactions  mentioned  in  $  15,  but  it  is  a  very 
eocnplez  body,  more  complex  even  than  proteids,  for  by  treatment  with 
dilute  mineral  acids  and  in  other  ways,  it  may  be  converted  into  some  form 
of  proteid  (acid-alhumin  when  dilute  mineral  acid  is  used),  while  at  the 

IHUne  time  there  is  formed  a  body  which  appears  to  be  carbohydrate  and 
roKmblet  a  sugar  iu  having  the  |K>wer  of  reducing  cupric  sulphate  solutions. 
Solutions  of  mucin,  moreover,  on  mere  keeping  are  apt  to  lose  their  viscidity 
and  to  become  converted  into  a  proteid  not  unlike  the  body  peptone,  which, 
aa  we  shall  e«e,  is  the  result  of  gastric  digestion,  and  iuto  a  reducing  body. 
Sereral  kinds  of  mucin  appear  to  exist  iu  various  aniiua!  bodies,  but  they 
seem  all  to  agree  in  the  character  that  they  can  by  appropriate  treatment 
be  split  up  into  a  proteid  of  some  kind  and  into  a  carbohydrate  or  allied 
body. 

S 198.  The  chief  purpose  served  by  the  saliva  in  digestion  is  to  moisten  and 
sn{|«Q  the  fiHxi  and  to  assist  in  mastication  and  deglutition.  In  some  animals 
tills  is  its  only  function.  In  other  animals  and  in  man  it  has  a  speciBo  solvent 
action  on  some  of  the  food-stutfs.  Such  minerals  as  are  soluble  in  slightly  alka- 
line fluids  are  dissolved  by  it.  On  fats  it  has  no  effect  save  that  of  producing 
^^  a  very  feeble  emubion.  On  proteids  it  has  also  no  specific  action,  thnugh 
^^k  pieces  of  meat,  cooke<l  or  uncooked,  appear  greatly  altered  afler  they  have 
^^a  been  masticated  for  some  time;  the  chief  alteration,  however,  which  thus 
I  takes  place  is  a  change  in  the  hiemoglobin  and  a  general  softening  of  the 
I  aaoscular  fibres  by  aid  of  the  alkalinity  of  the  saliva.     Of  course,  when  par- 

I  lielea  of  food  are  retained  for  a  long  time  in  the  mouth,  as  iu  the  interstices 

^H  or  in  cavitiea  of  the  teeth,  the  bacteria  or  other  organisms  which  are  always 
^H  present  in  the  mouth  may  produce  much  more  profound  changes,  but  these 
^^  are  not  the  legitimate  products  of  the  action  of  saliva.  The  characteristic 
prnf>erty  of  saliva  is  that  of  converting  starch  into  some  form  of  sugar. 

Anion  of  salitfa  on  starch.  If  to  a  quantity  of  boiIe<l  starch,  which  is 
alway»  more  or  less  viscid  and  somewhat  opaque  or  turbid,  a  small  quantity 
of  saliva  be  added,  it  will  be  found  af\er  a  short  time  that  an  imf>ortant 
change  has  taken  [ilace,  inasmuch  as  the  mixture  has  lost  its  previous 
viaciditr  auri  become  thinner  and  more  transparent.  In  order  to  under- 
stand this  change  the  reader  must  bear  in  mind  the  existence  of  the  follow- 
ing hn«lic0.  all  belonging  to  the  cla^s  of  carlujhydrates : 

J,  Stttrrh,  which  forms  with  water  not  a  true  solution  but  a  more  or  less 
viscid  mixture,  and  gives  a  characteristic  blue  color  with  iodiue.  The  for- 
mula is  C.Hj.Ot,  or  more  correctly  {C^H^O^)*  since  the  molecule  of  starch 
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is  some  multiple  (n  being  nnt  less  than  o)  of  the  simpler  formula.  A  kind 
of  atarch  known  as  «olMe  a^trrcA,  while  giving  a  blue  color  with  iodine,  forms, 
unlike  orclitmry  starch,  a  clear  solution. 

2.  Dextrin.fs^  differing  from  starch  in  forming  a  clear  solution.  Of  these 
there  are  at  least  two ;  one  cryihrodexirin,  ofteu  spiikeu  of  simply  as  dextrin, 
giving  a  port-wine  red  color  with  iodine,  and  second,  achroodextrlnf  which 
gives  no  color  at  all  with  iodine.  The  formula  for  dextrin  ia  the  same  as 
that  fur  stArch,  but  has  a  smaller  molecule  aud  might  be  represented  by 

3.  Dextrose,  also  called  glucose  or  grape-sugar,  giving  no  coloration  with 
iodine,  but  characterized  by  the  power  of  reducing  cupric  and  other  metallic 
salts;  thus,  when  dextrose  ia  boiled  with  a  fluid  known  as  Fehling's  fluid, 
which  is  a  iiolution  of  hydrated  cupric  oxide  in  an  excels  of  caustic  alkali 
and  double  tartrate  of  sodium  arid  potassium,  the  cupric  oxide  is  reduced 
and  a  red  or  yellow  deposit  of  cuprous  oxide  is  thrown  down.  This  reaction 
serves  with  others  aa  a  convenient  test  for  dextrose.  Neither  starch  nor  that 
commonest  form  of  suyar  known  as  cutie-sugar  gives  the  reaction;  whether 
the  dexlriua  Ho  is  iloublful,  The  foriuula  for  dextrose  is  CjlIijOg;  it  is  more 
simple  than  that  of  starch  or  dextrin  and  contains  an  nddiiiunat  H,0  for  every 
<J,.  UoHke  starch  and  dextrin  it  can  be  obtained  in  a  crystalline  form, 
either  from  aqueous  aolutinns  (it  being  rearlily  soluble  in  water),  in  which 
case  the  crystals  contain  water  of  crystallization,  or  from  its  solutions  in 
alcuhol  (in  which  it  is  sparingly  solublej,  in  which  case  the  crystals  have  no 
water  of  crystallization.  Solutions  of  dextrose  have  a  marked  dextro-rotatory 
power  with  rays  of  light. 

4.  MttU(me,  very  similar  to  dt^xtrose, and  like  it  capable  of  reducing  cupric 
salts.  The  formula  is  somewhat  different,  being  0„H„O„.  Besides  this,  it 
differs  from  dnxiroao  chiefly  in  its  smaller  power — i.  e.,  a  given  weight  will 
not  convert  so  much  cupric  oxide  into  cuprous  oxide  as  will  the  same  weight 
of  dextrose,  and  in  having  a  stronger  rotatory  action  ou  rays  of  light-  Like 
dextrose  it  can  be  eryBtalfized,  the  crystals  from  aqueous  solutions  containing 
water  of  crystallization. 

Now,  when  a  quantity  f\f  starch  is  boiled  with  water  we  may  recognize  in 
the  visciil  imperfect  solulitm,  on  the  one  baud,  the  presence  of  the  starch 
by  the  blue  color  which  the  addition  of  iodine  gives  rise  to  ;  and  ou  the  other 
hand,  the  absL^nce  of  sugar  (maltose,  dextrose),  by  the  fact  that  when  boiled 
with  Fehling's  fluid  oo  reduction  takes  place  and  no  cuprous  oxide  is  pre- 
cipitated. 

li\  however,  the  boiled  starch  be  subnntted  for  a  while  to  the  action  of 
saliva,  especially  at  a  somewhat  high  temperature  such  as  35"^  or  40'  C,  it 
is  found  that  the  subserjumt  addition  of  iodine  givet^  no  blue  color  at  all,  or 
very  much  lees  color.sbowing  that  the  starch  has  disappeared  or  diminished; 
on  the  other  band,  the  mixture  readily  gives  a  precipitate  of  cuprous  oxide 
when  boileil  with  Ffhling's  fluid,  showing  that  malutse  or  dextrose  is  present. 
That  is  to  say,  the  saliva  has  converted  the  starch  into  rnaltoee  or  dextrose. 
The  presence  of  the  previously  absent  sugar  may  also  be  shown  by  fermenta- 
tion and  by  the  other  teats  for  sugar.  Moreover,  if  an  adequately  large 
quantity  of  starch  be  subjected  lo  the  charge,  the  sugar  formed  may  be  iso- 
lated, and  its  characters  determined.  When  this  is  done  it  is  found  that 
while  some  dextrose  is  formed  the  greater  pari  (ff  the  sugar  which  appears  is 
in  the  form  of  niflltose.  As  is  well  known,  Btarch  may,  by  the  action  of  dilute 
acid,  be  converted  into  dextrin,  and  by  further  action  into  sugar;  but  the 
sugar  thus  formed  is  always  wholly  dextrose,  and  not.  maltose  at  all.  The 
action  of  saliva  in  this  respect  differs  from  the  action  (>f  <lilute  acid. 

While  the  coiiveraiou  of  the  starch  by  the  saliva  is  going  ou  the  addition 
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of  iijdine  frequeDtly  gives  rise  to  a  red  or  violet  color  insiead  of  a  pure  blue, 
but  vrheu  the  c<JUvereioD  is  complete  no  coloration  at  all  is  ob9crve<l.  The 
appearance  of  this  red  color  indicates  the  presence  of  dextrin  (erythrodex- 
trtu)  ;  the  violet  color  ia  due  to  the  red  being  mixed  with  the  blue  of  etill 
unchanged  starch. 

The  appeantoce  of  dextrin  shows  that  the  action  of  the  saliva  on  the  starch 

aomewbat  complex  ;  and  this  is  still  further  proved  by  the  fact  that  even 

ben  the  saliva  has  completed  its  work  the  whole  of  the  starch  does  not 

ppear  as  maltoee  or  dextrose.     A  coosiderable  quantity  of  the  other  dex- 

in  (achroodextrin)  always  appears  and  remains  unchanged  to  the  end; 

d  there  are  probably  several  other  bf>dies  also  formed  out  of  the  starchy 

e  relative  proportions  varying  according  to  circumstancee.     The  change, 

erefore,  though  perhaps  we  may  speak  of  it  in  a  general  way  a^  one  of 

lijrdration,  cannot  be  exhibited  under  a  simple  formula,  and  we  may  rest 

oooteot  for  the  present  with  the  statement  that  starch  when  subjected  to  the 

of  Baliva  is  converted  chieHy  into  the  sugar  kuown  as  maltose  with  a 

paratively  small  quantity  of  dextrose  and  to  some  extent  into  nchroo- 

dlKtrin  (erythrodextrin  appearing  temporarily  only  in  the  process),  other 

bodiea  on  which  we  need  not  dwell  being  formed  at  the  same  time. 

Raw  unboiled  starch  undergoes  a  similar  change  but  at  a  much  slower 
rat«.  This  is  due  to  the  fact  that  in  the  curiously  formed  starch  grain  the 
uue  starch,  or  grannhsey  is  invested  with  coats  of  cellulose.  Thia  latter 
material,  which  requires  previous  treatment  with  sulphuric  acid  before  it  will 
the  blue  reaction  on  the  addition  of  iodine;  is  apparently  nut  acted  upon 
saliva.  Hence  the  saliva  can  only  get  at  the  granuloee  by  traveri^ing  the 
of  cellulose,  and  the  conversion  of  the  former  is  thereby  much  liindered 
«nd  delayed. 

^  199.  The  conversion  of  starch  into  sugar,  and  this  we  may  speak  of  as 

the  aniylolytic  action  of  saliva,  will  go  on  at  the  ordinary  temperature  of  the 

jephere*     The  lower  the  temperature  the  slower  the  change,  and  at  about 

'  C  the  conversion  is  indeHnitely  prolonged.     After  exposure  to  this  cold 

r  even  a  considerable  time  the  action  recommences  when  the  temperature 

a^in  raised.     Increase  of  temperature  up  to  about  35^-40^,  or  even  a 

higher,  favors  the  change,  the  greatest  activity  being  said  to  be  maui- 

at  about  40°.     Much  beytrnd  this  point,  however,  increase  of  tempera- 

becomes  injurious,  markeilly  so  at  00°  or  70*^ ;  and  saliva  which  has 

boiled  for  a  few  minutes  not  only  has  no  action  on  starch  while  at  that 

iempemture,  but  does  not  regain  its  powers  on  cooling.     By  being  boiled, 

the  amylolytic  activity  of  saliva  is  permanently  destroyed. 

The  action  of  saliva  on  starch  is  most  rapid  when  the  reaction  of  the  mix- 
ture is  neutral  or  nearly  so;  it  is  hindered  or  arrested  by  a  distinctly  acid 
reaction.     Indeed,  the  presence  of  even  a  very  small  quantity  of  free  acid, 
all  events  of  hydrocnloric  acid,  at  the  temperature  of  the  body  not  only 
'a  the  action  but  speedily  leads  to  permanent  abolition  of  the  activity 
luice.    The  bearing  of  this  will  be  seen  later  on. 
Tb«  action  of  saliva  is  hampered  by  the  presence  in  a  concentrated  state 
the  product  of  its  own  action — that  is,  of  sugar.      If  a  smull  quantity  of 
liva  be  added  to  a  thick  mass  of  boiled  starch,  the  action  will  after  a  while 
en,  and  eventually  come  to  almost  a  ^luudi>li]l  long  before  alt  the  starch 
hM  bMD  converted.     On  diluting  the  mixture  with  water,  the  action  will 
reoommence.     If  the  products  of  action  be    removed  as  soou  as  they  are 
fitrmed,  dialysis  for  example,  a  small  ijuautity  of  saliva  will,  if  sufficient  time 
be  allowed,  convert  into  sugar  a  v£^^y  targe,  one  might  almost  say  an  indefi- 
nite, quantity  of  "Starch.     Whether  the  particular  constituent  ou  which  the 

20 
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aclivitj  of  Aaliva  depends  ie  at  all  conaumed  id  iU  action  has  not  at  preaent 
been  definitely  settled. 

On  what  constituents  do  the  aniylolytic  virtues  of  saliva  de|>€nd  ? 

If  saliva,  filtered  and  ihua  freed  from  nnich  of  its  mucin  and  from  other 
formed  conetituenle,  be  treated  with  teu  tir  fifteen  limes  its  bulk  of  alcohol, 
ft  precipitate  is  formed  nontaining  besides  other  substances  ail  the  proteid 
matters.  Upon  standing  under  the  alcohol  for  some  time  (several  days),  the 
proteida  tliua  i)recipitated  become  coagulated  and  insoluble  in  water.  Henoe. 
au  aqueous  extract  of  the  precipitate,  made  after  this  interval,  contains  very 
little  proteid  material ;  yet  it  is  exceedingly  active.  Moreover,  by  other 
more  elaborate  methods  there  may  be  obtained  from  saliva  solutions  which 
appear  to  be  almost  entirely  free  from  proteids  and  yet  are  intensely  amylo- 
lytic.  But  even  these  probably  contain  other  bodies  beside  the  really  active 
constituent.  Whatever  the  active  i^ubstance  be  in  itself,  it  exists  in  such 
extremely  small  <juautitiee  that  it  has  never  yet  been  satisfactorily  isolated  ; 
and  indeed  the  only  clear  evidence  we  have  of  its  existence  is  the  manifesta- 
tion of  its  peculiar  powers. 

,  The  salient  features  of  this  body,  this  atnylolytic  agent,  which  we  may  call 
piya/i'n,  are  then  :  1st,  its  presence  in  minute  aiulalnKist  inappreciable  quan- 
tity. 2d,  the  cl*)se  dependence  of  its  activity  on  temperature,  od,  its  perma- 
nent and  total  destruction  by  a  high  temperature  and  by  various  cbcmicBl 
reagents.  4th,  the  want  of  any  clear  proof  that  it  itself  undergoes  any 
change  during  the  manifestatioua  of  its  powers — that  is  to  say,  the  energy 
necessary  for  the  transformation  which  it  effects  ilues  ttot  come  &ut  of  iUelf; 
if  it  is  at  all  used  up  in  its  action,  the  loss  ia  rather  that  of  simple  wear  and 
tear  of  a  machine  than  that  of  a  substance  expended  to  do  work,  oth,  the 
action  which  it  induces  is  probably  of  such  a  kind  (splitting  up  of  a  mole- 
cule with  asBum]}tion  of  water )  as  is  eticcted  by  that  parlictdar  class  of  agents 
called  "  hydrolytic." 

These  features  mark  out  the  amylolytic  active  body  of  saliva  as  belonging 
to  the  class  of  /<*nj(p;itff;^  and  we  may  henceforward  speak  of  the  amylolytic 
ferment  of  saliva.  The  fibrin-ferment  ({^  20)  is  so  called  because  its  action  in 
many  ways  resemblea  that  of  the  ferment  of  which  we  are  now  speaking. 

§  200.  Mixed  saliva,  whoae  properties  we  have  just  discussed,  is  the  result 
of  the  minglin^^  in  various  proportions  of  saliva  from  the  parotid,  submax- 
illary, and  the  sublingual  glands  with  the  secretion  from  the  buccal  glands. 
These  consliluent  juices  have  their  own  special  characters,  and  these  are  not 
the  same  in  nil  animals.  Moreover,  in  the  same  individual  the  secretion 
differs  in  composition  and  properties  according  to  circumstances  ;  thus,  as  we 
shall  gee  in  detail  hereafler.  the  saliva  from  the  submaxillary  gland  secreted 
under  the  influence  of  the  chorda  lympani  nerve  is  different  from  that  which 
is  obtained  from  the  same  gland  by  stimulating  the  sympathetic  nerve. 

In  man  pure  parotid  saliva  may  easily  be  obtained  by  introducing  a  fine  canula 
into  the  opening  of  the  Stenoninn  dnct.  and  siibinaxillnry  saliva,  or  rather  a 
mixture  ot'  subnmxillar>"  and  sublingual  Kulivn,  by  similar  falheterization  of  the 
Whartimiaii  duct.  In  animals  (he  duct  uiny  be  dtesected  out  und  a  canula  intru- 
duced. 


»  Ferineuw  mny.  forihe  iireBeiit  fll  IcBst,  be  divided  Intoiwn  cliiffiw.  commcinly  rn"  ■ '  -  ' 

and  u»ttroavizoi  Ol'  the  former,  yen?*t  nmy  lnj  taken  as  a  well-known  «xuini>le  Tli' 
acthily  iif  yni^i  wliirh  lowdn  lo  the  (Vitivcntion  or  lUf^r  into  Hk-olinl,  in  dependent  r*t> 
yea«t<'ell.  L'nlew  the  yeflst-cell  t^c  livltijc  and  ftinoiional,  fornientuLion  ar.e.«  not  inkt-  ii^i^r  ;  mirh 
the  yetist-eeU  died  fennummlon  ci'tti^et ;  and  no  f ulMttunee  ntiudned  from  tlie  lluid  pnrt^  nf  ywMit,  hy 
prvtlpilnhim  Willi  akxdiul  urntlierwt**.',  will  give  riM-  to  nleoljolie  CennenimW'n.  Tlie  Milivnrv  fer- 
ment lfeIonK>  to  tlie  latter  cIam  ;  it  in  a  ••nbfttiince,  ncit  a  living  orRiinltiin  like  yeA^t  It  miiv  he  a<IdiM. 
bnwcver.  that  pusi-lblv  the  oiijanlzed  fenneni.  the  yciifl  lur  inslanec.  iiroflncvf  it-*  elltct  by  nieHiis  nt 
an  ordinao  unnrKiniirx'd  fenuent  which  it  gunuratvs,  but  which  IslmDivtlmtely  made  away  with. 
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Pmrotid  saliva  in  mau  is  clear  and  liinpii],  not  viscid  ;  the  reactioD  of  the 
firw  drops  accreted  is  often  acid,  the  succeetling  portions,  at  all  events  when 
tbe  flow  is  at  ail  copious,  are  alkaline;  that  is  to  say,  the  natural  secretion 
is  alkaline,  but  this  may  be  obscured  by  acid  changes  taking  place  in  the 
AmuI  which  haa  been  retained  in  the  duct,  possibly  by  the  formation  of  an 
extern  of  carbonic  acid.  Ou  standing  the  clear  fluid  becomes  turbid  from  a 
precipitate  of  calcic  carb<jnate,  due  to  tin  escape  of  carbonic  acid.  It  con- 
CaiiM  globulin  and  some  other  forms  of  albumin,  with  little  or  do  mucin. 
Potaasium  sulphocyanate  may  also  sometimes  be  detected,  but  structural 
el«in«utB  are  absent. 

Sabmaxillary  saliva.  In  man  and  in  most  animals,  differs  from  parotid 
Mtliva  in  being  mnre  alkaline,  and  from  the  presence  of  miicin  more  viscid  ; 
it  contains  salivary  corpuscles,  that  is  bodies  closely  resembling  if  not  iden- 
tical with  leucocytes,  and  of\en  in  abundance  amorphous  masses.  The  so- 
called  chorda  saliva  in  the  dog,  that  is  to  say  saliva  obtained  by  stimuiating 
tl»6  chorda  tympani  nerve  (of  which  we  shall  presently  speak),  is  under 
ordinary  circumstances  thinner  and  less  viscid,  contains  less  mucin  and 
fewer  structural  elements  than  the  so-called  sympathetic  saliva,  which  is 
remarkable  for  its  viscidity,  it^  structural  elements,  and  for  its  larger  total 
of  aolidi. 

Stiblingual  saliva  is  more  viscid  and  contains  more  salts  (in  the  dog  about 
1  per  CMit.)  than  the  submaxillary  saliva. 

rbe  action  of  saliva  varies  in  intensity  in  different  animals.  Thus  in 
nMn,  the  pig,  the  guinea-pig,  and  the  rat,  bnih  parotid  and  Rubmaxillary 
and  mixed  saliva  are  amylolytic;  the  submaxillary  saliva  being  in  most 
esMB  more  active  than  the  parotid.  In  the  rabbit,  while  the  submaxillary 
saliva  has  scarcely  any  action,  thai  of  the  parotid  is  energetic.  The  saliva 
of  the  cat  is  niucli  less  active  than  (he  above;  that  of  the  dog  is  still  less 
active,  indeetl  is  almost  inert.  In  the  horse,  sheep,  and  ox,  the  amylolytic 
powers  of  either  mixed  saliva  or  of  any  one  of  the  constituent  juices  are 
extremely  feeble. 

Wberi^  the  saliva  of  any  gland  is  active,  an  aqueous  infusion  of  the  same 
gland  is  also  active.  The  importance  and  bearing  of  this  statement  will  be 
•MB  later  on.  From  the  aqueous  infusion  of  the  gland,  as  from  saliva  itself, 
the  ferment  may  be  approximately  isolated.  In  some  cases  at  least  some 
iennent  mav  be  extracted  from  the  gland  even  when  the  secretion  is  itself 
inactive.  In  fact,  a  ready  method  of  pre[)aring  a  highly  amylolytic  liquid 
tolerably  free  from  proteid  and  other  impurities  is  to  mince  finely  a  gland 
koovn  to  have  an  active  secretion,  such,  for  instance,  as  that  of  a  rat,  to 
debrdrate  it  by  allowing  it  to  stand  under  absolute  alcohol  for  some  days, 
ttMl  then,  having  poured  ofi'most  of  the  alcohol,  and  removed  the  remainder 
by  evaporation  at  a  low  temperature  to  cover  the  pieces  of  gland  with  strong 
ipyoerin.  Though  some  of  the  ferment  appears  to  be  destroyed  by  the 
alcohol,  a  mere  drop  of  such  a  glycerin  extract  rapidly  converts  starch 
into  lugar. 

Chtgirie  Juiec, 


f  901.  There  is  no  difficulty  in  obtaining  what  may  be  fairly  considereii 
as  a  normal  saliva  ;  but  there  are  many  obstacles  in  the  way  of  determining 
the  fiomial  characters  of  the  secretion  of  the  stomach.  When  no  food  is 
takeo  the  atomach  is  at  rest  and  no  secretion  takes  place.  When  food  h 
Cakeo,  the  characters  of  the  gastric  juice  secreted  are  obscured  by  the  food 
wiib  which  it  is  mingled.  The  gastric  membrane  may,  it  is  true,  be  arti- 
fimlljr  atimulated,  by  touch  for  instance,  and  a  secretion  obtained.     This 
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we  may  speak  of  as  gaatnc  juice,  but  it  raay  be  <]oubted  whether  it  ought 
to  be  consulereil  as  Dormai  gastric  Juice,  And  indeeJ,  as  we  shall  see,  even 
the  juice,  which  is  poured  into  the  stomach  during  a  meal,  varies  iu  compo- 
eition  as  digestion  is  going  on.  Jlenee  the  characters  which  we  shall  give 
of  gastric  juice  must  be  coDstdered  as  having  a  general  value  only. 

Gastric  juice,  obtained  in  as  nttrnial  a  cimdition  as  possible  from  the  healthy 
stomach  of  a  fasting  dng  by  means  of  a  gastric  fistula^  is  a  thiu,  almost  color- 
less fluid  with  a  sour  taste  and  odur. 

In  the  operAtion  for  fiustnc  fiatulu  an  incision  is  made  (hrough  the  abdominal 
walln,  along  ihe  Ihtea  ftlf*a,  tho  sComKch  is  opened,  and  the  lips  of  the  (^aslric 
wound  securely  ficwn  to  those  of  the  inpUion  in  the  abdniiiinnl  walls.  IJnion 
soon  takes  place,  so  that  a  permanent  wiieiiing  from  the  exterior  into  the  inside  of 
the  Ht4mjach  is  e^lab!i«hed.  A  tube  of  proper  I'oiihtniction,  inirodueed  at  tin*  lime 
of  the  operation*  becomes  fiimly  secured  iti  jilace  by  the  contrarliou  of  healiiip. 
Through  the  tube  the  contents  of  the  stotnacb  can  be  received,  aud  the  mucous 
metubraue  stimulated  at  pleasure. 

When  obtained  from  a  natural  fistnla  in  man,  its  specific  gravity  haa  been 
found  to  diJler  little  from  that  of  water,  varying  fmm  1,<M)1  to  J.OIO,  and 
the  ainuunt  uf  solids  present  to  be  correspoudtngly  uniall.  In  animals  pure 
gastric  juice  seems  to  be  equally  poor  io  solids,  tlie  higher  estimates  which 
8ome  obt»ervera  have  obtained  being  probably  due  to  admixture  with  food, 
etc. 

Of  the  solid  matters  present  about  hiilf  are  inorganic  salts,  chiefly  alkaline 
(sodium)  chlorides,  with  anmll  quantities  (d'  phoaphatep.  The  rtrganic  ma- 
terial consists  of  pepsin,  a  body  to  be  described  immediately,  mixed  with 
other  subslaucesol  uudetermtned  uature.  In  a  healthy  stomach  gastric  juice 
contains  a  very  smalt  quantity  only  of  mucin,  unless  some  submaxillary 
saliva  has  been  awalloweij. 

The  reaction  is  distinctly  acid,  and  the  acidity  is  normally  due  to  free 
hydrochh)ric  acid.  This  is  shown  by  various  proofs,  among  which  we  may 
mention  the  conclusive  fact  that  the  amount  of  chlorine  present  in  gastric 
juice  is  mure  than  would  suffice  to  form  chlorides  with  all  the  bases  present, 
and  that  the  excess,  if  regarded  as  existing  in  the  fjrni  of  hydrochloric  acid, 
corresponds  exactly  to  the  quantity  (>f  free  acid  present.  Lactic  and  butyric 
and  other  acids  when  present  are  secondary  proilucts,  arising  either  by  their 
respective  ferruentationa  from  articles  of  i'ltodj  or  from  the  decomposition  of 
their  alkaline  or  other  salts.  In  man  the  amount  of  free  hydrochloric  acid 
in  healthy  juice  may  be  stated  to  be  about  0.2  per  cent.,  but  in  some  animals 
it  is  pr.tbably  higher. 

§202.  On  starch  gastric  juice  baa  no  amylolytic  action  ;  on  the  contrary, 
when  saliva  is  mixed  with  gastrii.  juice  any  amylolytic  ferment  which  may 
be  present  in  the  former  is  at  once  prevented  from  acting  by  the  acidity  of 
the  mixture.  Mi^reover  in  a  very  short  time,  especially  at  the  temperature 
of  the  body,  the  amylolytic  ferment  is  destroyed  by  the  acid,  so  that  even  on 
neutralization  the  mixture  is  unable  to  convert  starch  into  sugar. 

On  dextrose  healthy  gastric  juice  has  no  eHect.  And  its  power  of  convert- 
ing  cane-sugar  Beeros  to  be  less  than  that  of  hydrochloric  acid  diluted  to  the 
same  degree  of  acidity  as  itself.  In  an  unhealthy  stomach,  however,  con- 
taining much  mucus,  the  gastric  juice  is  very  active  in  ci)nverting  cane- 
sugar  into  dextrose.  This  power  seems  to  be  dtie  to  the  presence  in  the 
mucus  of  a  B[>ecial  ferment,  analogous  to,  but  quite  distinct  from,  the 
plyalin  of  saliva.  An  excessive  quantity  of  cane-sugar  introduced  into 
the  stomach  causes  a  secretion  of  mucus,  and  hence  provides  for  its  own 
conversion. 
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On  fats  ^^aetric  juice  has  at  most  a  limited  action.  When  adipose  tissue 
is  «iateo,  the  rhief  change  which  takes  place  ia  the  Htomach  is  that  the  pro- 
teid  and  gelatinirerous  cuvelope«  of  the  fat-cells  are  dissolved,  and  the  fata 
■et  frev.  Thoujfh  there  is  experimental  evi<ience  that  emuldion  of  fata  to  a 
oertAJn  extent  doe«  take  place  in  the  stomach,  the  great  raase  of  the  fat  of  a 
bmaI  ia  not  so  chanj^d. 

Such  minerals  ns  are  soluble  in  free  hydrochloric  acid  are  for  the  moat 
part  diaaolved ;  though  there  is  a  difference  iu  this  and  in  Home  other  re* 
■peetB  between  gaatrlc  juice  and  simple  free  hydrochloric  acid  diluted  with 
wmter  to  the  same  degree  of  acidity  as  the  juice,  the  presence  either  of  the 
pe|)6in  or  of  other  hodiea  apparently  modifying  the  stdvent  action  of  the 

The  Maential  pro|>erly  of  gastric  juice  is  the  power  of  dissolving  pruteid 
inattera  and  of  converting  them  into  a  Ruhstance  called  peptone. 

Ariion  of  gattric  Juice  on  proteitU.     The  results  are  essentially  the  same, 
her  natural  juice  obtained  by  means  of  a  tiHtuIa  or  artificial  juice,  i.  e., 
acid  infusion  of  the  mucous  membrane  of  the  stomach,  be  used. 
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ArlificiHl  castric  juice  may  be  prepared  in  any  of  the  following  ways : 

I.  The  iniiooiia  membrane  of  u  piji's  or  dop's  slomach  is  removed  from  the  mus- 

enlar  cti.it.  finely  minced,  ruhbt^d  in  u  morfur  with  poiindled  ii^hisa  and  extracted 

with  water     The  aqueous  extract  (Sltered  and  aciduliitcd  (it  is  in  itself  somewhat 

arid),  until  it  has  a   free  acidity  e^jrrefpondinj:  to  0-2  irt;r  cent,  of  hydruchlurio 

d.  oontaina  but  little  of  the  products  of  digestion,  aucii  as  peptone,  but  is  fairly 

»trnt. 

'2.  The  mnoous  membrane  similarly  prepared  and  minced  is  allowed  to  digest 

at  .Vi°  C.  in  a  large  quantity  of  hydrochloric  acid  diluted  to  0-2  per  cent.     The 

rr^fatcr  part  of  the  membrane  disappear.  Hhrcds  only  being  left,  and  the  some- 

■'    I   opalescent  li<|uid  can  be  decaritoi  and  filtered.     The  filtrate  has  powerful 

-live  (peptic)  properties,  but  contains  a  conHidwruble  amount  of  the  products 

tik'estion  (peptone,  etc.),  ariaing  from  the  digestion. of  the  mucous  membrane 

>.    Tlie  mucous  membrane,  similarly  prepared  and  mlnoed.  is   thrown   into   a 

oam|uinitiv^ly    lar^c   quantity   of  couceniratcil   ulycerin,    and   allowed   to   staml. 

^The  mnmbrane  may  be  previou.sly  dehydrated  by  bein^  allowed  to  stand  under 

»hol,  but  this  is  not  necessary,  and  a  too  prolonecd  action  of  the  alcohol  injures 

even  destroys  the  actis'ity  of  the  product.     The   decanted   clear   glycerin,   in 

[which  a  oomparativcly  small  qnanlity  of  the  ordinary   proteids  of  the  muc<)u« 

ibraue  are  dissolved,  if  added  to  hydnx-hloric  acid  uf  0.2 percent   (alH)ut  I  cr. 

the  elycerin  to  JiKl  r.c.  of  the  dilute  acid  are  sufficient),  makes  an  artificiftl  jtiioe 

>Wrably  free  from  onlinary  protcid.s  and  peptone,  and  of  remarkably  potency,  the 

^noe  of  the  glycerin  not  mterfering  with  the  rcaulta. 

Before  proceeding  to  study  the  action  of  gastric  juice  on  proteids,  it  will 
be  QMful  to  review  very  briedy  the  chief  characters  of  the  more  important 
oMmbera  of  the  group. 

The  more  important  proteirls  which  we  have  thus  far  studied  are:  1.  Fi- 
hr>u,  insoluble  in  water  and  not  really  soluble  (t.  <*.,  without  change)  in  saline 
f>.>ltjtions.  2.  Mfjoain,  insoluble  in  water  but  soluble  in  saline  solutions,  pro- 
vided these  are  not  too  dilute  or  too  concentrated.  !^.  Globulin  (including 
paraglobulio,  fibrinogen,  etcOi  insoluble  in  water,  but  readily  soluble  in  even 
very  dilute  aaliue  s«ilutions.  4.  Alhumin^  Berum-al&ujnin-,  soluble  in  water 
in  the  abaence  of  all  salts.  5.  Acid  albumin,  into  which  gluhiiiina  and 
myoaio  are  rapidly  converted  by  the  action  of  dilute  acids,  the  particular 
aM*«lbumin  into  which  the  myosin  of  muscle  is  changed,  being  sometimen 
oalM  jiyntrmin.  If  the  reagent  used  be  not  dilute  acid  but  dilute  alkali 
tk9  product  ia  calletl  alkali-albumin.     The  two  bodies,  acid-albumiu  and 

IhDweTvr,  max  Iw  removed  by  concentntlon  at  Mfi  C.  and  tabaequent  dialrsU. 
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alkali-alburaio,  are  very  parallel  in  their  characters,  and  may  readily  be 
converted,  the  one  intu  the  other,  by  the  use  of  dilute  alkali  or  dilute  acid 
respectively.  Their  most  important  common  characters  are  insnlubiHty  in 
water  and  Id  saline  solntiona  and  ready  solubility  in  dilute  acids  and 
alkalies.  6.  Coagulated  proteids.  As  we  have  seen,  whea  fibrin  suspended 
in  water,  serurn-albumin  iu  solution,  acid-albumin  or  alkali-albumin  sus- 
pended in  water,  or  para^lobutiii  8ua{>ended  iu  water  or  dissolved  la  a  dilute 
saline  solution,  are  heated  to  a  temperature  which  for  the  whole  group  may 
be  put  down  at  about  1^^  to  S0°  C,  each  of  them  becomes  coagulated,  and 
atter  the  change  is  insoluble  in  water,  saline  solutions,  dilute  acids,  etc.,  in 
fact  in  everything  but  very  strong  acids.  Myosin  and  fibrinogen  undergo  a 
similar  change  at  a  lower  temperaLure,  viz.,  about  SC*  C.  We  may,  for 
present  purposes,  speak  of  all  ihese  proteids  thus  changed  under  the  one 
term  of  coagulated  proteids. 

To  the  ub(jve  list  we  may  now  add  two  other  proteids,  viz:  7.  A  kind  of 
albumin  which  forms  the  ^reat  bulk  of  the  proteid  matter  present  in  raw 
"  white  of  egg,"  and  which,  since  it  diflers  in  minor  characters  from  the  albu- 
min of  blood  and  of  the  tissues,  is  called  etjg-nlbnmin.  8.  The  peculiar  pro- 
teid caseiuy  an  important  constituent  of  milk.  This  may  perhaps  be  regarded 
as  a  naturally  occurring  alkali-albumin  since  it  ha.s  many  resemblances  to 
the  arti6cial  alkali-albumin  ;  but  for  several  reasons  it  is  desirable  to  con- 
sider it  as  an  independent  body. 

Egg-albumin  like  fienim-alhumin  becomeH  coagulated  at  a  temperature  of 
about  75^*  to  80°  C,  and  though  casein  as  it  naturally  exists  in  milk  is 
not  coagulated  on  boiling,  when  separated  out  iu  aepeciat  way,  and  suspended 
in  water  in  which  it  is  insoluble,  it  becomes  coagulated  at  about  75*  tu 

80°  a 

It  will  be  observed  that  all  these  proteids  form,  as  regards  their  solubili- 
ties, a  descending  series  in  the  following  order  :  coagulated  proteids;  fibrin  ; 
acid-albunnn  with  alkali-albumin,  and  casein;  myosin,  globulins;  serum- 
albumin  with  egg-albumin. 

We  must  now  return  to  the  action  of  gastric  juice. 

If  a  few  shreds  of  fibrin,  obtained  by  whipping  blood,  after  being  thor- 
oughly washed  and  btiileil  and  thus  by  the  hoiling  coagulated,  be  thrown 
into  a  quantity  of  tjastric  juice,  and  the  mixture  be  exposed  to  a  temperature 
of  from  35*  to  40'  C,  the  fibrin  will  sfieetlily,  iu  some  cases  in  a  few 
minutes,  be  dissolved.  The  ylireds  fir^t  swell  up  and  become  transparent, 
then  gradually  dissolve,  and  finally  disappear  with  the  exception  of  some 
granular  d6brib,  the  amount  of  which,  though  generally  small,  varies  accord- 
ing to  circumstances.  If  raw,  that  is,  unboiled,  nncoagulated  fibrin  be 
employed  the  same  changes  may  be  observed,  but  they  take  place  much 
more  rapidly. 

If  small  morsels  of  coagulated  albumin,  such  as  white  of  egg,  be  treated 
in  the  same  way,  the  same  solution  is  observed.  The  pieces  become  trans- 
parent at  their  surfaces  ;  this  is  especially  seen  at  the  edges,  which  gradually 
become  rounded  down  ;  and  solution  steadily  progresses  from  the  outside  of 
thepie<re  inward. 

Ir  any  other  form  of  coagulated  albumin  (b.  (7.,  precipitated  acid- or  alkali- 
albumin,  suspended  n\  water  aud  boiled)  he  treated  iu  the  same  way.  a  simi- 
lar solution  takes  place.  The  readiness  with  which  the  solution  is  etfected, 
will  depend,  tntterU  paribus,  on  the  smalliiess  of  the  pieces,  or  rather  on  the 
amount  of  surface  as  compared  with  bulk,  which  is  presented  to  the  action 
of  the  juice. 

Gastric  juice  then  readily  dissolves  coagulated  proteids,  which  otherwise 
are  insoluble,  or  soluble  only,  and  that  with  difficulty,  in  very  strong  acids. 
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en  proteids,  which  are  soluble  in  water  or  in  dilute  acid,  are  treated 
with  gaatric  juice,  uo  visible  chao^  takea  place  ;  but  neverthelesa,  it  is  found 
an  exaniinatioD  that  the  solutions  have  undergone  a  remarkable  change,  the 
DAture  nf  which  is  easily  aeen  by  contrasting  it  with  the  change  effected  by 
dilute  acid  alone.  If  raw  white  ai'  egg,  largely  diluted  with  water  and 
atraiued,  be  treated  with  a  suAicieat  (|uantity  of  dilute  hydrochloric  aci*!,  the 
opalotociice  or  turbidity  which  ap^wared  in  the  white  «>f  egg  on  dilution  (and 
which  ia  due  to  the  precipitation  of  various  forms  of  globulin  accompanying 
^be  egg~albumin  in  the  raw  white)  dieappeara,  and  a  clear  mixture  reeult^. 
If  ■  portion  of  the  mixture  be  ut  once  boiled,  a  large  deposit  of  coagulated 
albumin  occurs.  If.  however,  the  mixture  be  exposed  to  50**  to  55°  C. 
f(ir  B*)me  time,  the  amount  of  coagulation  which  is  produced  by  boiling  a 
•pecimeu  becomes  less,  and,  finally,  boiliitg  produces  nn  coagulation  whatever. 
By  neutraliiatiou,  however,  the  whole  of  the  albumin  (with  euch  reatnctiona 
■■  the  presence  of  certain  neutral  aalts  may  catisM?)  may  be  obtained  in  the 
form  of  acid-albumin,  the  Bltrate  after  neutralization  cnntaiuiug  uo  proteids 
At  all  (or  a  very  small  quantity).  Thus  the  whole  uf  the  albumin  prcsi>nt 
in  the  white  of  egg  may  be,  in  time,  converted,  by  the  simple  action  of  dilute 
ibydn*chloric  acid,  into  acid-albumin.  Serum-albumin  similarly  treated 
in  course  of  time  a  similar  conversion  into  acid-alhumin,  and  we 
ve  already  seen  ($  59)  that  solutions  of  myosin  ur  of  auy  of  the  globulins 
are  with  remarkable  rapidity  converted  into  aci<I-albumin.  Thus  mmple 
dilute  hydrochloric  of  the  same  degree  of  acidity  as  gastric  juice,  merely 
averts  these  proteids  into  acid-albumin,  the  rapidity  of  the  change  ditfer- 
g  with  the  ditlerent  proteida,  being  in  some  cases  very  slow,  and  requiring 
a  relatively  high  temperature. 

If  the  same  white  of  egg  or  scrum-alhumin  be  treated  with  gastric  juice 
lead  of  simple  dilute  hydrochloric  acid,  the  evenU*  for  some  time  seem  the 
DO.     Thus  afler  a  while  boiling  causes  no  cuagulatiou,  while  neutralization 
«8  a  considerable  precipitate  of  a  proteid  body,  which,  being  insoluble  in 
ter  and  in  sodium  chloride  solutions,  and  soluble  in  dilute  alkali  and  acids, 
least  closely  resembles  acid-albumin.     But  it  is  found  thnt  only  a  portion 
the  proteid  originally  present  in  the  white  of  egg  or  serum-albumin  can 
IS  be  regaiue<l  by  precipitation.     Though  the  neutralization  be  carrietl  out 
with  the  greatest  care  it  will  be  found,  on  filtering  off  the  neutralization  pre- 
cipitate, that  is,  the  acid-albumin,  that  the  liltrate,  a^  shown  on  employing 
various  tests  for  proteid  (see  (^  15)  or  on  adding  an  ade<]uate  quantity  of 
rang  alcohol, still  contains  a  very  considerable  quantity  of  proteid  matter  ; 
DO  the  whole,  the  longer  the  digestion  is  carried  on,  the  greater  is  the 
piinion  borne  by  the  proteid  remaining   in  solution  to  the  precipitate 
ruwu  down  on  neutrali^tation ;  indeed,  in  some  cases  at  all  events,  all  the 
roteid  matter  originally  present  remains  in  solution,  and  there  is  no  neu- 
ization  precipitation  at  all,  or  at  most  a  wholly  insigniHcant  one. 
§  203.  The  proteid  matter,  thus  remaining  in  s(}lution  a^r  neutralization, 
iffcrs  frftm  all  the  proteids  which  we  have  hitherto  studied,  inasmuch  as. 
Clmwh  existing  in  a  neutral  solution,  it  is  not  coagulated  by  heat,  like  the 
■ibumin  or  aerumalbumin  from  which  it  has  been   produced  ;  the  solu- 
,  aAer  the  neutralization  precipitate  has  been  filtered  olT,  remains  quite 
r  when  boiled.     The  only  other  solutions  of  proteida  which  do  not  coagu- 
OQ  boiling  are  solutii>us  of  acid-  or  alkali-aloumin  ;  but  these  solutions 
Ml  be  acid  or  alkali  res{>ective1y  ;  the  acid-albumin  or  alkali-albumin   is 
insoluble  in  a    neutral  solution,   and  when  simply   suspended  in    water  is 
rsadily  coagulated  at  a  temperature  of  lb°  C.     This  new  proteid  matter  of 
we  are  speaking  is  soluble  in  neutral  solutions,  indeed  in  distilled 
ter,  and  can  under  no  circumstances  bo  coagulated  by  heat. 
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UpoQ  examinatiou  we  find  that  the  uew  protoid  matter  thus  left  in  boIq- 
tioD  consiaU  of  at  least  two  ijiatinct  proteid  bodies.  If  to  the  solution  ammo- 
nium Bulphate  be  added^  part  of  the  proteid  matter  is  precipitated  while  part 
is  still  left  in  Roluiion.  The  proteid  hody  thus  thrown  down  ia  called  a/bu- 
moge  (there  are  severni  varieties  of  albumose  but  these  need  not  now  detain 
us;.  It  approaches  albumin  in  nature  by  reason  <if  the  fact  that  it  will  not 
diffuse  through  membranes;  that  it  ditfers  h(»wever  widely  from  that  proteid 
ifl  shown  by  its  solutions  not  coagulating  ou  boilinLr.  The  body  which  is  uot 
thrown  down  by  ammonium  aiilphute  is  called  pe}*lone ;  it  differs  from  ulbu- 
mose  iti  being  ditfusible,  for  it  will  pass  through  membranes.  The  diffusion 
is  not  nearly  so  rapid  as  that  of  salts,  sugar,  and  other  similar  sulmtances  ; 
indeed  solutions  of  peptones  may  be  freed  from  salts  by  dialysie.  But  it  is 
very  marked  as  compared  with  that  of  other  proteids  ;  these  pass  throujrh 
membranes  with  the  greatest  difficulty,  if  at  all.  Peptone  ia  insoluble  in 
alcohol,  and  may  be  precipitated  from  its  solutions  by  the  addition  of  an 
adequate  quantity  of  this  reagent ;  but  for  thie  purpose  a  very  large  excess 
of  alcohol  is  needed,  otherwise  much  of  the  peptone  remains  in  solution.  It 
may  be  kept  under  akuhcil  f<ir  a  long  time  without  undergoing  change* 
whereas  other  protcida  are  more  or  less  slowly  coagulated  by  alcohol.  A 
useful  test  for  ]>eptone  is  furnished  by  the  fact  that  a  solution  of  peptone, 
mixed  with  a  strong  solution  of  caustic  potash,  gives  on  addition  of  a  mere 
trace  of  cupric  sulphate  in  the  cold  &  pink  color,  whereas  other  proteids  give 
a  violet  color.  In  applying  this  test,  however,  care  must  be  taken  not  to  add 
too  much  cupric  sulphate,  since  in  that  case  a  violet  color,  deejwning  on 
boiling,  that  is,  the  ordinary  proteid  reaction  (see  §  15).  is  obtained. 

There  are  reasons  for  thinking  that  there  are  several  kinds  or  at  least 
more  than  one  kind  of  |>eptoue  ;  but  we  may  for  the  present  regard  the  sub- 
stance as  one.  For  a  lung  time  albumose  was  confounded  with  peptone,  and 
many  of  the  commercial  forms  of  "peptone"  consist  largely  of  albumose; 
indeed,  the  two  are  closely  allied  and  have  many  reactions  in  common,  the 
most  striking  ditterences  being  that  peptone  is  ditfUsible,  while  albumose  is 
not.  or  hardly  at  all,  and  that  peptone  is  uot,  like  albumose,  precipitated  by 
ammonium  sul[)lmle.  The  amount  of  albumose  ajtpearing  in  a  digestion 
experiment,  relative  to  the  anmunt  of  true  peptone,  nej>end8  on  the  activity 
of  the  Juice,  and  other  circumstances.  We  may  regard  albumose  as  a  less 
C(miplete  product  of  digestion  than  peptone. 

The  precipitate  thrown  down  by  neutralization  after  the  action  of  gastric 
juice  on  egg-  or  serum-albumin  resembles^  in  ila  general  characters,  acid- 
albumin.  Since,  however,  it  prohal>iy  is  flistinguishable  from  the  body  or 
bodies  produced  by  the  action  of  simple  acid  on  muscle  or  white  of  egg,  it  is 
best  to  reserve  for  it  the  name  of  parnpepUni^.^  which  was  origiuallv  applied 
to  it. 

Thus  the  digestion  by  gastric  juice  of  solutions  of  egg-albumin  or  serum- 
albumin  results  in  the  conversion  of  all  the  proteids  present  into  peptone, 
albumose,  and  parapeptone,  of  which  the  first  may  be  considered  as  the  final 
and  chief  product,  and  the  other  two  as  intermediate  products,  occurring  in 
varying  quanity,  possibly  not  always  forme*!,  and  probably  of  secondary 
importance.  When  fibrin,  either  raw  or  boiled,  or  any  form  of  coagulated 
proteid  ia  dissolved  and  seems  to  disappear  under  the  influence  of  gastric 
juice,  the  same  products,  peptone,  albumose,  and  parapeptone  make  their 
appearance.  The  same  bodies  result  when  myosin  or  any  of  the  globulins 
are  subjected  to  the  action  of  the  juice  ;  and  acid-albumin  or  alkali-albumin  is 
similarly  converted  into  albumose  and  peptone. 

It  is  obvious  that  the  effect  of  the  action  of  the  gastric  juice  is  to  change 
the  less  soluble  proteid  into  a  more  soluble  form,  the  change  being  either 
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up  to  the  stAge  of  ficptoac.  the  most  soluble  of  all  proteide,  or 
in  part  incomplete.     This  will  be  seen  from  the  following  tabular 
KrnuigemeDt  of  proteida  according  to  their  solubilities. 

StflulAe  in  tliitHM  wnUr, 

AqaeouB  solutions  not  ooagulatod  on  boiling : 

Diffuaible Veptoue. 

Not  difFiL«ibie Ammnofte. 

^^    Aqueou*  .'4'iUitionH  oongulated  on  boilinx  Albumin. 

^1  IrwilMe  in  distilled  loater. 

Readily  soluble  in  dilute  saline  solutions  (NaCl  1 

Mr  rent.) Globulins. 

Soluble  uiily  in  atrooger  saline  solutions  (NaCl  5 

to  10  per  cent.) Myosin. 

Intohihit  in  dilute  naline  mlniioni. 

R«dily  ..Ij-ble  in  dilute  add  (HCI  0.1  per  cent.)     j 'lfil,?"il2iTn. 

Soluble  with  difficulty  in  dilute  acid,  that  is  at 
high  temperature  (Oo"  C.)  and  al^er  prolonged 
treatmeot  ooly Fibrin. 

loatdnble  in  dilute  acids,  soluble  only  in  strong 
adds Coagulated  protcid. 

Milk  when  treated  with  gastric  juice  is  first  of  all  '*  curdled."  This  is  the 
result  partly  of  the  action  of  the  free  acid  but  chiefly  of  the  special  action 
of  a  particular  constituent  of  gastric  juice,  of  which  we  shall  speak  here- 
after. The  curd  consists  of  a  particular  proteid  matter  mixed  with  fat;aud  this 
proteid  matter  is  subsequently  dissolved  with  the  same  appearance  of  pep- 
tone, albumoee,  and  para{)eptone  as  in  the  case  of  other  proteids.  In  fact,  the 
dtgeatioD  by  gastric  juice  ai  all  the  varieties  of  proteids  consists  in  the  con- 
TtnioD  of  the  proteid  into  peptone,  with  the  concomitant  appearance  of  a 
eertain  variable  amount  of  albumose  and  parafHjptouc. 

5  204.  Virf^umdnnces  affecting  gastric  digestion.  The  solvent  action  of 
gastric  juice  ou  proteids  is  moditied  by  a  variety  of  circumstances.  The 
aaturti  of  the  protii'id  itsolf  makes  a  difterence,  though  this  is  determined 
pn'>bably  by  physical  rather  than  by  chemical  characters.  Hence  in  mak- 
ing a  series  of  comparative  trials  the  same  protcid  should  be  uae<l,  and  the 
form  of  proteid  most  convenient  for  the  purpose  is  fibrin.  If  it  be  desired 
simply  to  ascertain  whether  any  given  specimen  has  any  digestive  powers  at 
all.  it  is  beat  to  use  boiled  fibrin,  since  raw  fibrin  \a  eventually  dissolved  by 
dilute  hydrochloric  acid  alune,  probably  ou  account  of  some  pepsin  pre- 
viously present  in  the  blood  becoming  entangled  with  the  fibrin  during 
clotting.  But  in  estimating  quantitatively  the  peptic  power  of  two  speci- 
OMns  of  gastric  juice  under  different  conditions,  raw  fibrin  prepared  by 
Oratzoer's  method  is  most  convenient. 

Portions  of  well-washed  fibrin  are  stained  with  carmine  and  again  washed  to 
remove  the  •tupvrfludua  cjloring  matter.  A  fnignient  of  this  culored  fibrin  thrown 
into  an  active  jui(,*c  i>n  b<}con)ing  diMSolved,  gives  up  it^i  culur  to  tlie  fluid. 
iletice  if  ihe  »>aiue  stock  of  coldrcj  fibrin  be  uned  in  a  series  of  eiporimcnts,  and 
the  nine  bulks  of  fibrin  and  of  fluid  ho  used  in  each  csme,  the  amount  of  fibrin 
disHdvcd  uiuy  he  fairly  estimated  by  the  depth  of  tint  given  to  tho  fluid.  Fibrin 
colored  with  carmine  may  be  preserved  in  ether. 
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Since,  if  eufiicieut  L'lrue  be  i&lluwei),  eveu  a  ariiull  quantity  of  gastric  juice 
will  diuaolve  at  least  a  very  large  if  not  ati  indefinite  quantity  of  fibrin,  we 
are  led  to  take,  aa  a  measure  of  the  activity  of  a  specimen  of  gastric  juice, 
not  the  quantity  ul'  tihriu  which  it  wtW  ulliniately  dissolve,  but  the  rapidity 
with  which  it  diaeolves  a  given  quantity. 

The  greater  the  surface  presented  to  the  action  of  the  juice*  the  more 
rapid  the  si>lution  ;  hence  minute  division  and  constant  movement  favor  diges- 
tion. And  this  is  probably,  in  part  at  least,  the  reason  why  a  fragment  of 
spongy  tilumentoufl  fibrin  is  more  readily  dissolved  than  a  solid  clump  of 
boiled  white  of  egg  of  the  same  size.  Neulralizatlou  of  the  juice  wholly 
arrests  digestion  ;  fibriu  may  be  submitted  tor  an  almost  indefinite  time  to 
the  action  of  neutralized  gastric  Juice  withimt  being  digested.  If  the  neu- 
tralized juice  be  properly  acidified,  it  may  again  become  active;  when  gas- 
tric juice,  however,  has  been  made  alkaline,  and  kept  for  some  time  at  a 
temperature  of  85^,  its  solvent  powers  are  not  only  suspended  but  actually 
destroyed.  Digestion  is  most  rapid  with  dilute  hydrochloric  acid  of  0.2  per 
cent,  (the  acidity  of  natural  gastric  juice).  If  the  juice  contains  much  more 
or  much  less  free  acid  than  this,  its  activity  is  distinctly  impaired.  Other 
acids,  lactic,  phosphoric^  etc.,  may  be  substituted  fur  hydochluric;  but  they 
are  not  so  effectual,  and  the  degree  of  acidity  most  useful  varies  with  the 
difierent  acids.  The  presence  of  neutral  salts,  such  as  sodium  chloride,  in 
excess  is  injurious.  The  action  of  mammalian  gastric  juice  is  most  rapid  at 
35®-40**  C ;  at  the  ordinary  temperature  it  is  much  slower,  and  at  about 
0°  C.  ceases  altogether.  The  juice  may  be  kept,  however,  at  0°  C.  for  an 
indefinite  period  without  injury  to  its  powers.  The  gastric  juice  t)f  cold- 
blooded vertebrates  is  relatively  more  active  at  low  temperatures  than  that 
of  warm-blooded  mammals  or  Inrde. 

At  temperatures  much  above  40°  or  45°  the  action  of  the  juice  is  im- 
paired. By  boiling  for  a  tew  minutes  the  activity  of  the  moat  poweriul 
juice  is  irrevocably  destroyed.  The  presence  in  a  concentrated  form  of  the 
products  of  digestioQ  hinders  the  process  of  solution.  If  a  large  quantity 
of  fibrin  be  placed  in  a  small  quantity  of  juice»  digestion  is  soon  arrested ; 
on  dilution  with  the  normal  hydrochloric  acid  (0.2  per  cent.),  or  if  the  mix- 
ture be  submitted  to  dialysis  to  remove  the  peptones  formed,  and  its  acidity 
be  kept  up  to  the  normal,  the  action  recommences.  By  removing  the  pro- 
ducts of  digestion  as  fiist  as  they  are  formed,  aud  by  keeping  the  acidity  up 
to  the  normal,  a  given  amount  of  gastric  juice  may  be  made  to  digest  a  very 
large  quantity  of  proteiil  material.  Whether  the  quantity  is  really  un- 
limited is  disputed  ;  but  in  any  case  the  energies  of  the  juice  are  not  rapidly 
exhausted  by  the  act  of  digesiion. 

§  205.  Nature  of  the  action.  All  these  facts  go  to  elitiw  that  the  digestive 
action  of  gastric  juice  on  proteids,  like  that  of  saliva  on  starch,  is  a  ferment- 
action  ;  in  other  words,  that  the  solvent  action  of  gastric  juice  is  essentially 
due  to  the  presence  in  it  of  a  ferment-body.  To  this  ferment  botiy,  which 
as  yet  has  been  only  approximately  iaidated^  the  name  of  pepsin  has  been 
given.  It  is  present  not  only  in  gastric  juice  but  also  in  the  glands  of  the 
gastric  mucous  membrane,  especially  in  certain  parts  and  under  certain 
conditions  which  we  shall  study  presently.  The  glycerin  extract  of  gastric 
mucous  membrane,  at  any  rate  of  that  which  haa  been  dehydrated,  contains 
a  minimal  quantity  of  proteid  matter,  and  yet  is  intensely  peptic.  Other 
methods,  such  as  the  elaborate  one  of  Briicke,  give  us  a  material  which, 
though  contain  ingnitrogen,  exhibits  none  of  the  ordinary  proteid  reactions, 
and  yet  in  concert  with  normal  dilute  hydrochktric  acid  is  peptic  in  a  very 
high  degree.  We  seem,  therefore,  justified  in  asserting  that  pepsin  is  not  a 
proteid,  but  it  would  be  hai^arduus  to  make  any  dogmatic  statement  con- 
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m  siihfiLanoe  obtained  in  so  Hinall  a  quantity  at  a  time  that  ita  exact 
characters  have  not  vet  been  ascerlaiued.  At  present  the  inaniiea- 
tatioD  of  peptic  powers  in  our  only  safe  test  of  the  preseuco  of  pepsin. 

In  one  iru|H>rtant  res[»ect  pepsin,  the  ferment  of  gastric  juice,  diHers  irom 
ptyalin.  the  ferment  of  saliva.  Saliva  is  active  in  a  perfectly  neutral 
nie*iium^  and  there  seems  to  be  no  s[>ecial  connection  between  the  ferment 
And  any  alkali  or  acid.  In  gastric  juice,  however,  there  is  a  strong  tie  be- 
tween the  acid  and  the  ferment,  so  strong  that  some  writers  speak  of  pepsin 
Aod  hydrochloric  acid  as  forming  together  a  com[>ound,  pepto-hydrochloric 
acid. 

In  the  ahfience  of  exact  knowledge  of  the  conatitiUlon  of  proteids,  we 
CADDOt  state  distinctly  what  is  the  precise  nature  of  the  change  into  pep- 
loDe;  the  various  prot«ids  difler  from  each  other  in  elementary  compttsition 
<|aite  as  widely  as  does  peptone  from  any  of  them.  Judging  from  the 
an^ogy  with  the  action  of  saliva  on  starch,  we  may  fairly  supjMwe  that  the 
proccM  is  at  bottom  one  of  hydration  ;  and  this  view  is  further  suggeated  by 
tba  fikct  that  peptone  closely  resembling,  if  not  identical  with,  that  obtained 
by  gastric  digestion,  may  he  obtainini  by  the  action  of  the  strong  acidH,  by 
the  prolonged  action  of  dilute  acids  especially  at  a  high  temperature,  or 
fliroply  by  digestion  with  super-heated  water  in  a  Piipin'a  digester,  that  is  to 
say  by  meana  of  agents  which,  in  other  cARe»  produce  their  effects  by  bring- 
ing abuut  hydrolytic  changes;  beyond  this  we  cjinuol  at  present  go.  We 
may  add,  however,  as  supporting  the  same  view,  the  statement  of  some 
ohsiervers  that  peptone  when  treated  with  dehydrating  agents  or  when  sim- 
ply heated  to  14t)'^-170'*  C.  is  in  part  reconverted  into  a  body  or  bodies  re- 
sembling acid-albumin  or  globulin. 

^  808,  All  proteids,  so  far  as  we  know,  are  converted  by  pepsin  into  pejv 
tone.  Concerning  the  action  of  gastric  juice  on  other  nitrogenous  aub- 
•laacea  more  or  less  allied  to  proteids  but  not  truly  proteid  in  nature  our 
koDwIedge  is  at  present  imperfect.  Mucin,  uuclein,  and  ihe  chemical  basis 
of  homy  tissues  are  wholly  unaffected  by  gastric  juice.  The  gelatiniferous 
tiliaci  are  dissolved  by  it;  and  the  bundles  and  membraneA  of  connective 
lisBoe  are  very  speedily  so  far  affected  by  it,  that  at  a  very  early  stage  of 
digestion,  the  bundles  and  elementary  fibres  of  muscles  which  are  bound 
together  by  connective  tissue  fall  asunder;  moreover,  both  prepared  gelatin 
aad  the  gelatiniferous  basis  of  connective  tissue  in  its  natural  condition,  that 
is  without  being  previoui^ly  heated  with  water,  are  by  it  changed  into  a  sub- 
atanoe  so  far  analogous  with  peptone,  thnt  the  characteristic  property  of  gela- 
tioization  is  entirely  lost.  Chondrin  and  the  elastic  tissues  undergo  a  similar 
change.  It  is  not  clear,  however,  how  far  this  change  is  due  simply  to  the 
acid  r»f  gastric  juice  independently  of  the  pepsin. 

$207.  Action  of  ptvtricjti ire  on  miik.  It  has  long  been  known  that  an 
tofuftion  of  calves' stomach,  called  rennet,  has  a  remarkable  effect  in  rapidly 
curdling  milk,  and  this  property  is  made  use  of  in  the  manufacture  of 
cheese.  Crastric  juice  ha.s  a  similar  effect ;  milk  when  subjected  to  the 
acdoo  of  gastric  juice  is  first  curdled  and  then  digested.  If  a  few  drops  of 
gaitric  juice  be  added  to  a  little  milk  in  a  test-tube,  and  the  mixture  ex- 
posed to  a  temperature  of  40*^.  the  milk  will  curdle  into  a  complete  clot  in  a 
▼ary  short  time.  If  the  action  be  continued  the  curd  or  clot  will  be  ulti- 
nataly  dis9olve<l  and  digested.  Milk  contains,  besides  a  peculiar  form,  or 
peculiar  forms  of  albumin,  fats,  milk-sugar  and  various  salines,  the  (>eculiar 
protoid  Odfsiii.  In  natural  milk  casein  is  present  in  solution,  and  *'  curd- 
lioff'*  ooosisU  essentially  in  the  soluble  casein  being  converted  (or  more 
prooabty  as  we  shall  see  presently,  split  up)  into  an  insoluble  modification 
of  eaaeio,  which  as  it  is  being  precipitated  carries  down  with  it  a  great  deal 
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of  the  fat  aud  ao  forms  the  "curd."  Now  caaeiu  is  readily  precipitated 
from  milk  u}>on  the  addition  of  a  small  quantity  of  acid,  and  it  might  be 
supposed  that  the  curdling  effect  of  gastric  juice  was  due  to  its  acid  reactiou. 
But  thifi  in  not  the  case,  for  nuulrulized  gastric  juice,  or  neutral  rennet,  ia 
equally  efficacious. 

The  curdling  action  of  rennet  is  closely  dependent  on  temperature,  being 
like  the  peplic  actinn  of  gastric  juice  favored  by  a  rise  of  temperature  up  to 
about  40°.  Moreover  the  curdling  action  is  destroyed  by  previous  boiling 
of  the  juice  or  rennet.  These  facta  suggest  that  a  ferment  is  at  the  bottom 
of  the  matter;  aud,  indeed,  all  the  features  of  the  action  support  this  view. 
Moreover,  as  a  matter  of  fact,  a  curdling  ferment  may  he  extracted  by 
glycerin  and  by  the  other  methods  used  for  preparing  ferments.  The  fer- 
ment, however,  is  not  pepeiu  but  some  other  body;  and  the  two  may  be 
separated  from  each  other.  If  luagDesium  carbonate  in  powder  be  cau- 
tiously added  to  gat-lric  juice  or  to  an  infusion  of  calves'  stomach  a  copious 
precipitate  is  formed.  If  the  addition  of  magnesium  carbonate  be  stopped 
as  soon  as  any  further  precipitation  ceasea  to  be  caused  by  it,  and  the  mix- 
ture be  allowed  to  stand,  the  clear  fluid  left  above  the  precipitate  will  be 
found  to  curdle  milk  readily,  but  even  Avhen  acidified  to  have  no  peptic 
action  on  proleids,  showing  that  the  precipitate  caused  by  the  addition  of 
the  magnesium  carbonate  has  carried  down  all  the  |>eps]n  but  left  behind 
at  least  a  good  deal  of  the  ''curdling"  or  rennet-ferment. 

It  might  be  thought  that  the  renuet-ferruent,  rennin  we  may  call  it,  acted 
by  inducing  a  fermentation  in  the  sugar  of  milk,  giving  rise  to  lactic  acid 
which  precipitated  the  casein  by  virtue  of  its  being  an  acid.  But  this  view 
is  disproved  by  the  following  facts  which  show  that  the  ferment  produces  its 
curdling  effect  by  acting  directly  on  the  natural  casein  itself.  Casein  may  be 
precipitated  iincbauged.  that  Ih,  capable  of  redissol  ving  in  water  (the  presence 
of  calcic  phosphate  being  assumed)  by  saturating  milk  with  neutral  saline 
bodies  (auch  as  sodium  chloride  or  magnesium  sulphate)  ;  and  by  being  pre- 
cipitated and  redisaolvcd  raore  than  once  may  he  obtained  largely  free  from 
fat  and  wholly  free  from  milk-sugar.  Such  solutions  of  isolated  casein  freed 
from  milk-sugar  may  be  made  to  curdle  like  natural  milk  by  the  addition  of 
rennin^  showing  that  the  milk-sugar  has  nothing  to  do  with  the  matter. 
Moreover^  the  precipitate  thrown  down  from  milk  by  dilute  acids,  lactic  acid 
included,  is  itself  unaltered  or  very  slightly  altered  casein,  not  curd,  and 
with  care  may  be  so  prepared  as  to  be  redissolved  into  stdutions  which 
curdle  with  rennin,  like  solutions  of  casein  prepared  by  means  of  neutral 
salts. 

When  isolated  caaeiu  is  curdled  by  means  of  rennin,  two  proteids,  it  is 
stated,  make  their  appearance,  one  which  ia  soluble  and  allied  to  albumin, 
aud  another,  which  is  insoluble  and  forms  the  curd.  Curdling,  therefore, 
according  to  this  result  appears  to  be  the  splitting  up  by  a  fermeutof  a  more 
complex  body ;  and  it  is  mteresting  to  observe,  as  perhaps  throwing  light  on 
the  somewhat  analogous  formation  of  the  fibrin,  that  this  curdling  action 
will  not  take  place  if  calcic  phosphate  he  wholly  absent  from  the  mixture. 
The  calcic  phosphate  appears  to  play  a  peculiar  part  in  determining  the 
icsolubility  of  the  curd,  for  there  ia  evidence  that  in  the  absence  of  calcic 
phosphate  the  ferment  has  power  to  attack  the  casein  and  split  it  up,  but 
that  both  products  remain  in  solution;  if  calcic  phosphate  be  present,  the 
one.  viz.,  the  curd,*  becomes  insoluble. 

Renniu  is  abundant  in  the  gastric  juice  and  in  the  gastric  mucous  mem- 
brane of  ruminants,  but  is  als(t  found  in  the  gastric  juice  of  other  animals, 

1  It  miicht  be  awnil.  lo  order  to  dIsUneriilsb  the  ourd  flroni  ibe  natural  Bolablo  csMilni  to  call  tbe 
Ibrnier  tyrtin  (rtyx^*  cheese),  and  ao  naervc  the  niinie  of  casein  for  the  iHtler. 
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eitber  it,  or  what  we  shall  presently  have  occasion   to  apeak  of  as  the 
^ttaiMwdent  of  the  ferment  or  tymogen,  is  present  aIso  in  the  mucous  membrane 
of  the  stomach  of  mi>et  animals.     A  very  similar  if  not  identical  ferment 
hwM  aJao  been  found  in  many  plants. 


The   Structtre   of   the  Sauvary  Glands,  the  Gastric  Mucous 

M£MBRANE,    THE    PaNCKKAS,    AND    THE   GilsorHAmrfl, 

$208.  Before  we  study  the  nature  uf  the  processes  by  which  the  stomach 
Aii<l  the  salivary  glands  arc  able  ^)  secrete  the  gflBtric  juice  and  saliva,  whose 
remarkable  properties  we  have  just  described,  it  will  be  desirable  to  &ay  a 
few  words  on  the  structure  of  both  the  above  organs. 

Throughout  the  greater  part  of  its  length,  from  the  cardiac  end  of  the 
cBSophagus  to  near  the  anus,  the  alimentary  canal  is  constructed  on  a  certain 
general  plan.  This  part  of  the  alimentary  canal  is  formed  out  of  the  niid- 
KQt  of  the  embryo,  and  the  epithelium  wliich  lines  it  is  of  hypoblastic  origin. 
The  moulh  and  the  anus  have  a  ditferent  origin  ;  they  are  formed  by  involu- 
tiuus  of  the  external  skin,  the  epithelium  of  which  is  of  epiblastic  origin; 
and  the  plan  of  structure  of  tlie  mouth  aud  terniiual  portiou  td*  the  rectum 
is  in  some  respect*  ditferent  from  that  of  the  rest  of  the  alimentary  canal. 
The  transition  from  the  epibltij^tic  U>  the  hypoblastic  canal  occurs  in  the 
rectum  at  the  anus,  but  at  the  other  end  is  at  some  dislancc  from  the  mouth 
clo8«  to  the  junction  of  the  wsophagus  with  the  stomach. 

The  plan  of  structure  of  the  hypoblastic  portiou  of  the  canal  is  somewhat 
aA  folh>ws : 

A  single  layer  of  cylindrical,  columnar,  cubical  or  spheroidal  "  proto- 
plasmic'^ cells,  that  is  to  say  cells  which  are  not  trnu&f«jriiit.-d  into  fattened 
•cale«,  forms  the  immediate  lining  uf  the  cavity.  The  cells  rest  ou  a  con- 
Dective -tissue  basis,  which  is  iiae,  delicate,  aud  often  of  a  peculiar  nature 
immediately  under  the  epithelium,  but  becomes  more  opeu,  loose,  and  coarse 
tX  some  little  distance  from  the  celts.  This  connective-tissue  basis  is  richly 
provide^l  with  bloodveseels  and  lymphatics,  and  also  contains  a  certain 
number  of  nerves.  The  bloodvessels  reach  up  ^^.  and  tine  capillary  networks 
are  eapecially  abundunt  immediately  beneath,  the  bases  of  the  cells,  but  none 
paM  between  the  cells  themselves;  the  whole  of  the  epithelium  is  extra- 
vascular.  The  connective  tissue  where  it  touches  the  cells  forms  a  more  or 
lew  Continuous  sheet ;  this  is  often  spoken  of  as  the  basement  membrane 
and  may  be  regarded  as  the  demarcation  between  the  extra-vascular  epithe- 
lium aud  the  vascular  connective  tissue  basis.  The  two  together,  the 
epithelium  and  the  connective- tissue  basis,  form  what  is  known  as  the  mucom 
membrane. 

At  the  bases  of  the  cylindricAl  eel U,  wedged  in  between  them  and  the 
baaeni«nt  membrane,  may  bet^eu.iu  certain  situations  distiuctly,  in  other 
•ituations  less  distinctly,  small  celb; ;  that  is  to  say,  cells  the  body  of  which 
it  small  relatively  to  the  nucleus.  These  are  8uppc«ed  to  be  young  celU, 
bald  ID  reserve  to  replace  any  of  the  larger  cyliudrical  cells  which  may  from 
tiine  in  time  dii<appear;  if  so,  the  epithelium  does  not  strictly  consist  always 
of  a  single  layer,  though  practically  it  may  be  so  regarded. 

Outitide  the  mucous  membrane  or  mucous  coat  is  placed  the  thick  m^utt^alnr 
tooi.  This  consists  of  two  layers  of  plain  muscular  Hbres.  an  inner  thicker 
layer,  in  which  the  tibres  aud  bundles  of  fibres  are  disposed  circularly  round 
the  lumen  of  the  alimentary  canal,  and  an  outer,  thinner  one  in  which  the 
ibre*  are  disposed  longitudinally.  The  bundles  and  sheets  of  fibres  (see  §  89) 
ftre  bound  together  by  connective  tissue  carrying  bloodvessels,  lympbaUofl,aDd 
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nerves,  anU  a  Lhin  slieet  )>f' cuDoective  tiaaue  more  or  less  ilistinctly  separates 
the  thicker  Janer  circular  muscular  coat  from  the  thinner  outer  longitudinal 
niutjcular  coat. 

The  lower  or  outer  part  of  the  mucous  membrane  where  it  becomes  attachefl 
to  the  muscular  coat  is  formed  of  very  loose  connective  tissue,  the  interspaces 
of  the  bundles  beiug  large  aud  open.  This  is  spoken  of  as  the  aubmtusma 
tisfue  or  submxicous  coat.  It  is  so  loose  that  the  raucous  coat  can  easily  move 
over  the  muscular  cnat»  and  along  it  the  one  can  easily  be  torn  away  from 
the  other,  nujre  easily  in  some  parts  of  (he  canal  than  in  others.  It  carries 
the  larger  arteries  and  veins,  whose  smaller  branches  and  capillaries  pass  into 
and  fn»m  the  mucous  membrane,  ^^vin*^  in  (he  mucous  membrane  at  E^ome 
little  distance  from  the  epithelium  is  found  a  thin  layer  of  plain  muscular 
fihre»,  cnWed  iUe  tauten  muJicuiarUmucoscE.  It  is  more  conspicuous  in  some 
situations  than  in  others,  anrl  when  complete  consists  of  an  innersingle  layer 
of  fibres  disposed  circularly  and  an  outer  single  layer  of  fibres  disposed 
longitudinally.  The  connective  tissue  on  the  inside  of  the  muscularis 
mucosie,  between  it  and  the  epithelium,  is  generally  of  a  somewhat  different 
character  from  that  outside  the  mu&cutans  mucosae,  and  man}'  places  is  of 
the  kind  called  adenoid  or  reticular  tissue  ;  of  this  we  shall  hereafler  have  to 
Bpeak. 

Lastly,  from  the  stomach  to  the  rectum  the  muscular  coat  of  the  alimen- 
tary canal  is  covered  by  the  visceral  layer  of  the  peritoneum.  This  con- 
sists of  a  single  layer  of  polygonal  tlatteued  nucleated  epithelioid  cells 
(belonging  in  reality  as  we  shall  ?ee  to  the  lymphatie  systt-'m)  resting  on  a 
thin  connective-tissue  basis  which  separates  them  from  the  longitudinal 
muscular  cont. 

The  general  plan  of  structure  of  the  alimentary  canal,  then,  in  its  hypo- 
blastic  purtinn,  is  a  compact  muscular  c(»at  separated  by  a  loose,  more  or  less 
movable,  submucous  ci>at  from  a  fairly  compact  niucims  coat.  The  mucous 
coat  consists  of  a  vascular  connective- tissue  basis^  in  which  is  imbedded  a 
thin  special  muacular  sheet,  and  of  a  single  layer  of  special  hypoblastic 
epithelial  cells.  The  mugcnlar  coat  consists  of  a  thick  inner  circular  and  a 
thin  outer  longitudinal  layer  of  plain  muscular  fibres^  and  the  whole  is  cov> 
ered  with  an  epithelioid  peritoneal  layer. 

§  209.  Qlamia.  The  surface  of  the  mucous  membrane,  however,  is  not 
even  and  unbroken.  It  dips  down  at  intervals — that  is  to  say,  it  is  involuted 
to  form  pockets  or  depressions  suck  into  the  underlying  connective  tissue, 
and  differing  in  size  aud  form  in  diflereut  parts  of  the  alimentary  canal. 
8uch  an  involution  is  called  a  ghmL  The  most  simple  kind  of  gland  is  a 
cylindrical  depressiuu  with  a  blind  end,  somewhat  (d' the  form  of  a  test-tube, 
lined  with  a  single  layer  oj'epitheiium  cells,  continunus  at  the  mouth  of  the 
gland  with  the  rest  of  the  epithelium  of  the  mucous  raembrane.  The  wall 
of  the  gland  uut-^idethe  epithelium  is  supplied  by  the  connective  tissue  of 
the  mucous  membrane,  which  generally  forms  a  dintinct  basement  membrane, 
and  is  generally  also  richly  supplied  with  capillary  bloodvessels.  Hence, 
when  two  such  glands  lie  side  by  side,  a  certain  rjuantity  of  connective  tissue 
carrying  bloodvessels  runs  up  between  them  to  reach  the  epithelial  cells 
which  cover  the  surface  of  the  mucous  membrane  between  their  mouths. 
Such  a  simple  tubular  gland  may  have  the  same  diameter  throughout,  or 
may  vary  in  diameter  at  different  di^^tances  from  the  mouth,  and  the  epi- 
thelium lining  it  may  be  of  the  same  character  throughout  and  similar  to 
that  on  the  surfaces  between  the  mouths  of  the  glands;  very  frequently,  how- 
ever, at  the  lower  part  of  the  gland  the  epithelium  is  modified,  and  takes  on 
certain  special  characters  which  we  shall  speak  of  presently  as  those  of  a 
"eecreliug"  epithelium.     When  this  occurs  the  upper  part  of  the  gland. 
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Ae  epithelium  b  not  eo  modified,  is  oden  spoken  of  as  *'  the  duct"  of 
the  glaod. 

Very  freauently  the  gland  is  not  simple,  but  branched,  and  the  branching 
may  be  slight  or  e^xcesstve.  Such  branched  glands,  especially  those  in  which 
tbe  braochiDg  is  considerable,  are  called  compound  glands;  and  in  these 
there  ia  always  a  very  marked  distiuctiun  between  the  tenuinal  portions  of 
the  leveral  branchings  where  the  epithelial  cells  have  secreting  characters, 
and  the  proximal  portions  or  ducts  where  the  cells  have  not  these  secreting 
characters.  In  sucii  a  compound  gland  a  tubular  main  duct  (whose  mouth 
opens  into  the  interior  of  the  alimentary  canal,  and  whose  epithelial  lining 
ia  eootinuoua  with  the  general  epithelial  lining  of  the  canul)  divides,  dichoto- 
ttMOflly  or  otherwise,  into  secondary  ducts,  which  again  divide  into  smaller 
dada,  and  this  division  may  be  re{)eated  a^ain  and  again  ;  ultimately,  how- 
ever, each  duct  ends  in  a  part  in  which  the  epithelium  takes  on  secreting 
characters,  and  such  terminal  portions  of  ducts  which  are  generally  wider, 
vnnre  swollen  as  it  were,  than  the  ducts  leading  to  them,  and  not  infrequently 
tinsk-shaped,  are  spoken  of  as  aheoli.  These  alveoli,  especially  when  Bask- 
ahajved,  bear  a  certain,  though  by  no  means  close,  resemnlance  to  the  indi- 
Tidual  berries  on  a  bunch  of  grapes,  the  ducts  being  the  branching  stalks  ; 
beoce,  these  compound  glands  are  spoken  of  aa  "  racemose."  Sometimes  the 
Upland  in  dividing  spreads  out  loosely  over  a  wide  surface — that  is  to  say^is 
**dilfuse;'*  sometimefl  the  ducts  and  alveoli,  with  all  the  connective  tissue, 
bloodvessels,  etc.,  belonging  to  them,  are  bound  up  tightly  into  a  more  or 
len  globular  mass — that  is  U)  say,  form  a  **  (H)mpact "  gland. 

Glands,  in  fact,  vary  widely  in  size,  form,  and  complexity,  but  they  all 
hare  one  feature  in  common,  that  they,  being  involutions  of  the  muc-ons 
membrane,  consist  of  a  wall  of  vascular  ctmnective  tissue  lined  by  epithelium, 
and  in  the  majority  of  glanils  there  is  :i  distinction  in  the  characters  of  the 
epithelium  between  a  terminal  secreting  portion  and  a  proximal  conducting 
poriiun. 

Where,  aa  in  the  stomach  and  intestine,  a  number  of  comparatively  simple 
glaoda  are  closely  packed  together  side  by  side,  the  whole  mucous  membrane 
acquires  proportionately  increased  thickness;  instead  of  being  an  attenuated 
•beet  formed  of  a  single  layer  of  cells  on  a  thin  connective-tissue  basis,  it 
beoomee  a  mass  whose  thickness  is  determined  by  the  length  of  the  glands. 

It  may  be  added  that  generally,  but  not  alwayH,  the  gland  in  its  whole 
ieogth  lies  above  or  outaide  the  niuscularis  mucosie,  so  that  when  a  vertical 
■edion  is  made  of  a  mucous  membrane  the  niuscularis  mucosic  is  seen  running 
tn  an  even  line  at  some  little  distance  below  the  thick  layer  which  is  pre- 
eeoted  by  the  longitudinal  sections  of  the  glands. 

Bearing  in  mind  these  general  characters  of  the  alimentary  cnnal  and  ita 
glanda.  we  may  now  proceed  to  study  some  of  its  special  characters,  and  it 
will  be  convenient  to  begin  with  the  structure  of  the  stomach. 


Structure  of  the  Siom<ich. 

}  1^0.  The  stomach  in  its  structure  follows  the  general  plan  just  described, 
and  mnsists  of  a  muscular  coat  and  a  mucous  membrane,  separated  from 
aaeb  other  by  Imtse  submucous  conuective  tissue.  The  muscular  coat,  which 
baa  ooosideruble  thickne»'),  consists  of  an  outer,  somewhat  thick  Jongitudinal 
ooal.  and  an  inner,  still  thicker,  circular  coat,  the  innermost  bundles  of  which 
take  an  oblique  direction  and  form  a  more  or  less  distinct  thin  oblique  layer. 
Aa  we  shall  see,  the  movements  of  the  stomach  are  more  extensive  and  com- 
plai  than  those  of  the  rest  of  the  alimtutary  canal.     Toward  the  pyloric 
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ead,  in  whafc  ia  Bometimes  called  the  ajitrum  pylori,  the  circular  layer  inci 
in  thickness,  and  at  the  pylorus  is  developed  into  a  thick  ring,  called  the 
sphincttif  uf  the  pylurus  ;  a  leds*marked  circular  sphincter  is  also  present  at 
tne  cardiac  orifice* 

The  size  of  the  cavity  of  the  stomach  varies  from  time  to  time,  according 
to  the  hulk  of  contents  present  and  the  condition  of  the  muscular  fibres. 
When  the  stomach  is  empty,  the  muscular  fibres  are  in  a  state  of  tonic  con- 
traction, ant'  the  cavity  is  small ;  when  the  stomach  is  full,  the  mucular 
fibres,  though  carrying  out,  as  we  shall  see,  more  or  less  rhythmical  move- 
ments, are,  as  a  whole,  relaxed  and  extended,  so  that  the  cavity  is  large. 
The  mucouB  membrane  in  tts  natural  condition,  so  to  apeak,  is  of  such  a  Bi7.e 
that  it  forms  a  smooth,  eveu  liniog  to  the  muscular  coat  when  this  is  extended 
and  relaxed  and  the  cavity  of  the  st<auach  distended.  lietice,  when  the 
stomach  ia  empty,  and  the  muscular  coat  contracted,  the  mucous  membraoe 
is  thrown  into  folds  or  ruffte,  which,  on  account  of  the  preponderance  of  the 
circular  muscular  coat,  take  a  longitudinal  course,  the  htose  submucous 
tissue  allowing  this  m<>vement  of  the  mucous  over  the  muscular  coat 

The  mucouti  membrane  is  relatively  very  thick,  the  thickness  being  due 
to  the  fact  that  the  membrane  over  its  whole  extent  is  thickly  studded  with 
glands;  it  may,  in  fact,  be  said  to  be  almost  wholly  composed  of  a  number 
of  short,  comparatively  "simple,"  glands  placed  vertically  side  by  side 
and  bound  together  by  juat  as  much  connective  tissue  as  serves  to  carry 
the  bloodvessels  and  lymphatics.  These  glauds  vary  in  size,  shape,  and 
character  in  diflerent  parw  <d'  the  stomach,  and  the  stomachs  of  different 
animals  present  in  these  respects  very  considerable  tliifereuces;  but,  for 
present  purposes,  we  may  consider  them  as  of  two  kiuds,  the  glands  at  the 
cardiac  end  of  the  aloraach,  or  "cardinc  glands,"  and  the  glands  at  the 
pyloric  end,  or  "pyloric  glands." 

§211.  Cardiac  gf^inds.  These  are  tubular  glands,  about  0.6  mm.  to  2 
mm.  in  length  by  50^  to  100 /j  in  width,  whose  course  is  not  wholly  straight, 
but  wavy  or  gently  tortuous,  and  fre(|uently  curved  or  bent  at  the  blind  end. 
[Fig.  lOL]  Some  are  simple  or  uubranched,  but  others  divide  into  two, 
three,  or  even  more  tubes.  They  are  packed  tiigether  aide  by  side  in  a  ver- 
tical position  80  closely  that  in  sections  of  hardened  and  prepared  stomachs 
in  which  the  bhmdvesseU  are  for  the  most  part  emptied  of  blood  and  the 
lymph  spaces  of  lymph,  each  gland  seems  to  be  separated  from  itA  neighbors 
by  nothing  more  than  an  extremely  thin  sheet  of  connective  tissue  seen  in 
sectionts  us  almost  a  mere  liue.  lu  the  liviug  stomach,  when  the  numerous 
bloodvessels  in  this  connective  tissue  are  filled  with  blond,  and  the  lymph 
spaces  are  distended  with  lymphs  the  glands  are  separated  from  each  other 
by  a  coneiiierable  space,  equal  probably  to  about  their  own  diameter. 

The  outline  of  each  glaud  is  defined  by  a  distinct  basement  membrane, 
which  appears  to  l>e  formed  by  a  u umber  of  flat  transparent  connective- 
tissue  corpuscles  fused  together  into  a  sheet;  in  a  section  of  a  gland,  longi- 
tudinal or  transverse,  some  of  the  nuclei  belonging  tu  the  constituent  cells 
may  be  seen  inihedded,  os  it  were,  in  the  bHsemenl  membrane. 

Each  gland  may  be  divided  into  a  *'  mouth,"  by  which  it  opens  into  the 
cavity  of  the  stomach,  and  which  reaches  about  a  third  or  a  quarter  down 
the  length  of  the  glaud  and  into  a  "  body  "  which  forms  the  rest  of  the  gland, 
the  junction  of  the  two  heing  called  the  *' neck."  These  two  parts  differ 
fundamentally  in  structure. 

The  mouth  ha.s  a  wrde,  open  lumen,  and  is  liued  with  a  single  layer  of 
long,  slender,  conical  cells,  called  "  muc»)ua  cells/'  The  lower  two-thirds  of 
each  mucous  cell,  including  the  poiuled  or  blunt  or  sometimes  slightly 
branched  end  rtstiug  ou  the  underlying  basement  membrane,  ia  composed  of 
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grftDular-lookin^  priHoplasm,  staining  with  the  ordinary  stainio^ 
i»  imbedded  in  the  lower  purttif  which  la  a  smftli  oval  nucleiu  plac^ 
dly. 
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The  Upper  third  is  more  clear  and  transparent,  does  not  stain  readily,  and 
diHere  in  appearance  at  ditlerent  times.  At  one  time  this  part  of  the  cell  i.-i 
occupied  by  mucus;  at  another  time  the  mucus  has  been  discharged  by  a 
rupture  of  the  outer  fact?  or  lid  of  the  cell,  leaving  a  small  cup-HhH|>ed  c^vitv 
(conlaining  fluid  and  a  remnant  of  mucus),  the  iairh'  distinct  walls  f>f  which 
are  continuous  with  the  proloplasniic  lower  two-thirds  of  the  cell.  We  shall 
shortly  have  to  discuss  more  fully  the  nature  itf  mucous  cell^  in  connection 
with  ihe  salivary  glands,  and  may  here  simply  say  that  in  the  upper  third 
of  the  cell  the  cell-substance,  except  lor  n  portion  which  remains  as  the  wall 
of  this  part  of  the  cell,  is  tranflfornieiJ  into  mucus,  and  that  the  mucus  so 
formed  is  sooner  or  later  liischarged  from  the  cell,  its  place  being  in  time 
occupied  by  new  cell-subatuiice,  which  again  in  turn  is  converted  into 
mucus. 

These  mucous  cells  not  only  line  the  mouths  of  the  glands,  becoraiDg 
shorter  where  the  mouth  joiua  the  neck,  hut  also  cover  the  ridges  between 
the  glands,  and  so  form  the  immediate  lining  of  the  interior  of  the  stomach. 
The  free  surface  or  lid  of  each  cell  is  more  or  Icas  hexagonal  or  polygonal  in 
outline,  and  in  sections  of  hardened  Kt<^mach  the  hardened  L-ell-walls  of  the 
tons  oi'  the  cells  give  rise  to  the  appearance  of  a  mosaic  of  hexagonal  or 
polygonal  areas  where  the  section  presents  a  number  of  these  celb  seeo  on 
end. 

Lying  between  the  bases  of  the  mucous  cells  (wl.ich,  from  the  conical  form 
of  the  celln,  diverge  from  each  other),  above  the  basement  membrane, 
may  be  seen  in  vertical  seLlioiia  a  certain  uuruber  of  i*mall  cells^each  consist- 
ing of  a  nucleus  surrounded  by  a  cell  body,  whioh,  though  small,  stains 
deeply,  and  hence  becomes  conspicuous  in  stained  sections.  The»e»  as  we 
previously  said,  have  been  regarded  as  young  reserve  cells  which  will,  upon 
the  destruction  of  any  of  the  mucous  cells*  grow  up  to  take  their  place. 

§  212.  The  bfjdy  of  the  gland  ia  not  only  in  it.self  distinctly  less  in  diam- 
eter than  the  mouth  (30  ihat  a  larger  amount  of  vascular  connective  tissue 
lies  between  the  botiies  than  between  the  nn>uthB),but  has  a  much  narrower, 
indeed  very  narrow  and  tortuous  lumen,  and  is  linc<l  by  cells  of  a  wholly 
different  cliaractcr.     These  are  of  two  kiu<l8. 

Throughout  ite  whole  lengih  beluw  the  mouth  the  gland  is  lined  continu- 
ously with  a  single  layer  of  (M>lylietlral  or  cubical  ur  at  limes  conical  cells, 
the  dullines  of  which  are  remarkably  indistinct.  The  cell-body  of  each  of 
these,  winch  contains  a  spherical  nucleus  placed  near  the  centre  of  the  cell, 
but  more  outside  toward  the  basement  membrane,  varies* as  we  shall  see  later 
on,  very  much  in  appearance  a  cording  tu  what  has  been  taking  plai-e  in  the 
stomach,  and  to  the  mode  of  preparation.  In  sections  of  a  stomach  hard- 
ened and  prepareil  in  an  ordinary  way  the  cell-btMlies  freuuently  present  a 
"faintly  granular"  apjvearunce.  Cells  of  this  kind  are  spoken  oi"  from  their 
position  as  central  cellsrOr  sometimes,  for  reasons  which  we  shall  see  presently, 
as  c/a>/ cells. 

The  cells  of  the  other  kind  do  not  form  a  continuous  layer,  but  are  scat- 
tered along  the  length  of  the  body  of  the  gland,  being  most  numerous  fbut 
smaller)  in  ihe  region  of  the  neck,  ami  less  frctjiieni,  tbut  larger)  at  the  bot- 
tom or  tunilus  of  the  gland.  They  are.  moreover,  in  the  lower  part  of  the 
gland,  and  indeed  over  the  greater  f)art  placed  ouUside  the  central  cells, 
being  wedged  in  between  these  ar.rl  the  basement  membrane,  and  frefjuently 
causing  the  latter  to  bulge  out ;  they  therefore  in  twjml  cases  do  not  abut  on 
the  lumen  of  the  gland,  aiul  their  fudy  direct  connection  with  the  lumen  is 
through  spaces  between  the  central  cells,  lu  the  neck  of  the  gland  they  may 
however  bound  the  lumen.  Each  celt  ir^  ovoid  in  form  with  an  outline 
-which,  in  contrast  to  that  of  the  central  cells,  is  sharp  and  well  defined,  and 
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an  ovoid  nucleus  nlHctd  in  the  midille  of  a  cell  body  which,  like 
of  the  ceiiiml  i-ell,  vanes  in  a|>[»enrauoe  accnrding  to  circumstanres,  hut 
libich.  in  aeectiou  of  stomiicb  hardened  and  prepared  iu  au  ordinary  way, 
ic  frequently  "  coan*ely  "  granular.  Cella  of  this  kind  are  called  from  their 
fkR^tion  pariHai  cells,  or  from  their  shape,  ovoid  cella.  Even  the  smaller  of 
tbein  are  larger  ihau  the  central  cella. 

A  characten.-4tic  **gaatrlc  gland  "  then  of  the  cardiac  region  of  the  stomach 
a  tubular  depression,  oAen  Mlrai^ht  an<l  simple,  but  at  tinie«  bifurcating 
»ward  the  luwer  pari  or  otherwise  dividing,  the  cndrf  frc(iuently  curling. 
l^eh  depression  consists  of  a  mouth,  with  a  broad  lumen  lined  by  slender 
mucdue  cells,  a  neck  in  which  the  mucous  ccIIh  tjuJdeuly  change  to  central 
cell*  with  numerous  ovoid  cells  lying  among  thctu,  and  in  which  the 
lutuen  becomes  narrowed  and  tortuous,  and  a  budy  ending  in  a  blind  fundus, 
wiih  the  lumen  still  narrow  winding  between  I  he  central  celLs  oulf*ide  which 
arr  pliu*e<i  ovoid  cell?  Ie*«  numerous  than  iu  the  neck.  Suclj  glauds  placed 
aide  by  side  form  the  ihicknesB  of  the  nnicouH  membrane,  and  below  them 
at  a  short  distance  runs  in  a  tolerably  even  line  the  thin  muscularia  mucoaaj 
viih  its  single  inner  circular  and  outer  longitudinal  layers  of  plain  muscular 
fibres. 

$  213.  The  space  1>etween  the  level  of  the  bottom  of  the  glands  and  the 
muccularis  mucoeie  as  well  as  the  vertical  spaces  between  the  glauds — that  is, 
all  ibr  space  between  the  much  folded  basement  membmne  above  and  the 
SDUscularis  mucoste  below  is  occupie<]  by  delicate  connective  ti8.**ue  the  mesh- 
work  of  which,  formed  of  thin  narrow  sheets  or  lamiiiie  raiher  than  of  fibrea 
bundles  becomes  especially  close  set  immeiliutely  under  tfie  basement 
kbrane.  In  the  spaces  of  the  me^hwork  a  crrtairi  nujnber  of  Ivmph  cor- 
pd§cl««  nr  leucocytes  may  be  seen.  Small  arteries  passing  upwanl  from  the 
aubmurosa  through  tlic  niuscutaris  muct»8a»  break  up  into  capillarie^i  encir- 
cling the  glands  in  the  form  of  plexuses  which  are  especially  cK«e  set  at  the 
•iirnmits  of  the  spaces  between  the  glands,  that  is  to  say,  at  the  places  where 
the  connective  tissue  tics  nearest  to  the  interior  of  the  stomach.  Small  veins 
springing  from  these  capillaries,  esjK-cially  from  those  last  named,  running 
downwaitl  pierce  the  niuscularis  muc'Ste  and  form  the  larger  veins  iu  the 
•ubmucoua  amx.  Lymphatic  vessels  and  strurtu res  called  lymphatic  "glands" 
\%tt  preaent  in  the  mucous  c«)at,  but  of  these  we  shall  s|)eak  later  on. 

$314.  Pylw'tc  glitndft.  At  the  pyloric  end  of  the  stomach  the  glands  are 
Sen  clo«ely  packed  than  at  the  cardiac  eiut,  and  differ  from  the  cardiac  glands 
in  fixe,  sha[>e  and  structure.  [Fig-  102.]  Atypical  pyloric  gUnd  {xxsaesttes 
mouth  which  is  much  hmger  and  generally  broader  with  a  wiil«T  lumen 
the  mouth  '>f  a  cardiac  gland,  though  the  walls  are  line<l  with  mu- 
cells  like  those  of  iJie  canliac  end.  The  b>dy  of  tlie  gland  instead  of 
aa  in  the  cardiac  gland,  often  tubular  and  unbranched,  fretjueutly 
into  two  or  more  branches  close  to  the  neck,  and  these  branches 
hich  are  relatively  shorter  than  the  body  of  a  cardiac  gland  and  have 
ich  wider  lumen,  may  again  sul>4livide  so  that  the  whole  gland  is  most 
ictly  branched.  The  wnole  body  with  all  its  branched  from  the  mouth 
Ihe  several  blind  ends  is  line<i  throughout  with  one  kind  of  cell  only,  which 
very  siniilitr  to  the  centnil  cell  of  a  pyloric  gland,  intusmuch  as  it  is  a  poly- 
lirdral  or  short  columnar  cell  with  indi.^inct  out  line;*,  a  spherical  nucleus, 
id  a  cell  b<>dy  which  in  a  specimen  prepared  in  the  ordinary  way  is  faintly 
jmBolar.  The  "  ovoid  *'  cell  8o  characterisrio  of  the  cardiac  gland  \'A  absent. 
HH arrangeoient  of  the  connective  tiHSiie  with  it«  bloodve^isola  and  lymph- 
attea  and  of  the  muscularifl  niucoMe  is  much  the  same  as  at  the  cardiac  end. 

ThuK  the  cardiac  end  of  the  stomach  contains  glands  which  are  tubular 
aad  utYen  simple,  which  have  a  very  narrow  lumen,  and  which  possess  cen- 
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tral  and  ovoid  cells,  while  the  pyloric  end  contains  glands  wl]it;h  are  branched, 
which  have  a  relatively  deep  mouth  and  wide  lumen,  and  which  ]K>68e88  one 
kiud  of  oella  only,  ceuLral  ceHa  or  cells  very  like 
[Fio.  lOi.  these.      In   the  middle   region  of  the  stomach   the 

one  kiud  of  gland  gradually  niergea  into  the  other; 
in  passing  from  the  cardia  tu  the  pyloruH  the  ovoid 
cells  become  lees  numerous  and  at  last  disappear, 
the  mouth  becomes  longer,  the  lumen  wider,  and 
the  body  of  the  gland  becomes  more  and  more 
braDchcd. 

The  al>ove  Bupplies  a  general  description  of  the 
gastric  glands,  but  these  vary  in  minor  characters 
and  to  a  certain  extent  in  dititribution  in  diOereut 
animals;  and  as  we  shall  presently  see,  in  all  cases 
the  glands  vary  in  condition  and  bo  in  appearances 
according  us  digestion  is  or  has  been  going  on  in 
the  stomach. 

Tlie  ASalivary  Qfands. 

$215.  The  etructunil  differences  between  the 
"mucous"  cells  lining  the  mouth  and  the  "  cen- 
tral ''  and  "  ovoid  "  cells  lining  the  body  of  a  gas- 
tric gland  lead  us  to  infer  that  the  former  differ 
from  the  latter  in  function  ;  and  we  have  other 
evidence  that  this  is  so,  that  it  is  the  central  and 
ovoid  cells  which  actually  secrete  the  gastric  juice, 
and  that  as  far  as  the  gastric  juice  is  concerned,  the 
mouths  of  the  glands  serve  chiefly  (though  the 
mucous  cells  have  a  j>ur|>ose  of  their  own)  to  con- 
duct to  the  interior  ot*  the  stomach  the  juice  se- 
creted by  the  body  of  the  gland.  We  may  there- 
fore speak  of  the  body  as  the  secreting  portjun  and 
the  mouth  as  the  "  duct"  of  the  gland. 

This  distinction  between  a  secreting  portion  and 
a  conducting  portion,  more  or  less  obvious,  as  we 
have  said,  in  most  glands,  is  especially  striking 
in  the  case  of  the  salivary  glands.  These  are  invo- 
lutions of  the  (epiblnstic)  mucous  membrane  of  the  mouth  as  the  gastric 
glands  are  involutions  of  the  (hypoblastic)  mucous  membrane  of  the  stomach ; 
but,  instead  of  beinj^  comparatively  simple  they  are  exceedingly  branched 
racemofie  glands,  and  the  secreting  (xirtion  of  the  gland  is  removed  to  a  great 
distance  from  the  epithelium  of  the  mouth  so  that  the  conducting  portion 
is  of  very  great  length.  Moreover,  not  only  the  epithelium  lining  the 
secreting  portion,  but  aUo  that  lining  the  conducting  portion  differs  so  com- 
pletely from  the  epihlastic  epithelium  lining  the  mouth  that  we  may  study 
the  structure  of  the  gland  quite  apart  from  the  structure  of  the  lining  of  ihe 
mouth,  whose  sensory  functions,  in  the  way  of  taste,  for  instance,  are  so  much 
more  important  than  its  digestive  functions  that  we  may  reserve  the  study 
of  its  features  until  we  come  to  deal  with  the  senses. 

A  salivary  gland,  such  as  the  submaxillary,  (consists  of  a  long  main  duct 
which  pursues  an  undivided  course  backward  fnr  several  centimetres  from 
its  opening  into  the  cavity  of  the  mouth  until  it  reaches  the  body  of  the 
gland,  when  it  rapidly  divides  and  subdivides  into  a  number  of  smaller  ducts. 
Each  of  the  ultimate  divisions  of  the  duct  at  last  ends  in  a  "secreting"  por- 
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which  ifl  lined  by  a  "secreting"  epithelium,  different  in  character  from 
tbc  epithelium  lining  the  duct«.  Such  a  terminal  secreting  portion  is  called 
an  ancolue.  Sometimes  a  duct  torniiuatcii  in  a  single  alveolus,  which  then 
Appean  as  a  swollen  or  somewhat  ila^k-shaped  termination  of  the  duct  dis- 
titi^bbed  from  the  duct  by  the  tiize  and  character  uf  it«  cells  and  by  the 
narrowness  of  its  lumen;  hut  more  commonly  a  duct  ends  in  several  alveoli, 
which  then  appear  as  a  number  of  short  curved  somewhat  swollen  tubes. 
brauciiing  otf  from  the  end  of  the  duct.  All  the  ducts  and  the  alveoli  in 
which  they  end  are  bound  up  by  connective  tissue,  carrying  btoodveaseb, 
Dervee,  and  lymphatics  into  a  compact,  rounded  hut  somewhat  Jobulated 
iDflAB,  the  gland  pro[>er.  Each  alveolus,  or  each  |j;roup  of  alveoli,  and  the 
flmall  duct  of  which  it  forms  tlte  blind  end  is  surrounded  and  separated  from 
ita  oeighbora  by  a  certHin  amount  of  connective  tissue.  A  number  of  alveoli 
with  the  ducts  leading  to  them  are  bound  together  into  a  lobule  by  a  rather 
larger  amount  of  connective  tissue.  GroujMi  of  these  smaller  lobules  are 
faoond  together  by  connective  tissue  and  enveloped  by  a  more  distinct  ooat 
€if  that  tissue,  and  thus  form  larger  or  primary  lobules;  and  these  larger 
lobaleB  are  bound  up  to  form  the  gland  itself  by  a  quantity  of  connective 
CiMue,  which  also  forms  a  wrapping  or  sheath  for  the  whole  gland.  Hence 
a  thin  section  taken  through  the  gland  is  seen,  when  examined  under  a  low 
power,  to  be  divided  by  .Hepta  of  connective  tissue  (continuous  with  the  sheath 
of  the  gland,  and  carrying  bl(K>*lveasel.^,  etc.)  into  irregular  areas,  which  are 
aenerally  augulur  from  compression.  These  area.s  are  sections  of  the  primary 
lobules,  and  each  may  be  seen  to  be  similarly  but  less  distinctly  subdivided 
into  similar  smaller  areas,  the  smaller  lobules.  Kuch  of  these  smaller  lobules 
will  in  turn  he  seen  to  be  for  the  most  part  made  up  of  rounded  bodies  vary- 
ing somewhat  in  size  and  shape,  but  on  the  whole  very  much  alike,  bound 
together  by  a  small  amount  of  connective  tisiAue;  these  are  the  alveoli  which, 
Imng  disp(jse<t  in  various  directions  and  beint;  frequently  more  or  less  curved, 
are  cut  in  various  planes  by  the  section.  Where  the  section  culs  the  alveolus 
tnuUYeraely  the  outline  of  the  alveolus  is  circular,  where  obliquely  the  out- 
line 10  more  elliptical  ;  a  section,  moreover,  may  pass  through  the  mere  tip 
or  ride  of  the  alveolus  and  so  miss  the  lumen  altogether;  and  indeed  many 
varied  appearances  may  l>e  presented.  Among  these  alveoli  are  seen  other 
bodice  of  a  somewhat  different  asfx^ct,  circular,  elliptical,  or  cylindrical  in  out- 
IiDa»or  hour-glass  shapeil,  or  even  irregular  in  form.  Theseare  the  small  tubular 
dactfl  cut  in  various  planes.  Sections  of  the  larger  ducts  of  various  a'vi,e  may 
also  be  seen  in  the  septa  between  the  lobules.  Even  with  quite  a  low  power  it 
H«aay  t*>  distinguish  between  the  alveoli  or  secreting  elements  and  the  ducU, 
and  when  we  come  to  examine  them  more  closely  we  find  that  they  ditter 
markedly  id  structure.  Moreover,  when  we  examine  the  three  glands,  paro- 
tid, submaxillary  and  sublingual,  and  especially  when  we  employ  for  the 
purptNic  diftbrent  kinds  of  animals,  we  find  that,  while  the  ducts  have  nearly 
tbe  same  structure  in  all  c^ses,  two  kinds  of  alveoli  may  be  distinguished 
flIiflfariDg  from  each  other  in  the  characters  of  the  cells  lining  them.  In  the 
aoa  case  the  cells,  for  reastms  which  will  presently  appear,  are  called  vmcowt 
€eBt,  io  the  other  at^rotts  eeiiji,  or.  perha[>s  better,  albuninoiiH  cells.  In  one 
igland  all  the  alve^ili  may  l)e  lined  with  mucous  cells,  in  which  case  it  iscalle<l 
a  "BKieous  gland,"  or  with  albuminous  cells,  in  which  case  it  is  called  an 
**albamioous  gland,"  or  some  alveoli  may  be  "mucous"  and  others  "albumi- 
nous," the  glatiil  being  a  mixed  one;  and  this  distinction  between  mucous  aud 
alhtiniiaoud  obtains  also  in  glands  of  the  mucous  membrane  which  are  not 
dvtinctlr  Milivary.  for  instance  in  the  small  "  buccal "  glands  of  the  mouth, 
and  in  the  glands  of  the  pulmonary  passages  and  of  other  structures. 

j  216.  Mucutu  glandg.    The  submaxillary  gland  of  the  dog  is  a  fairly 
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typical  xnucous  glaud  [Fi^.  10'>].  The  aJveoli  of  this'f^land  vary  a  good 
deal  in  diameter,  but  are  on  an  avera-^t*  about  35 /i.  The  outline  of  each 
alveolus  is  defined  by  a  distinct  haseinent  membrane  formed  of  a  number  of 
flattened  connective- tiesue  corpuscles  fused  together  into  a  sheet;  in  a  section 
the  long  oval  nuclei  of  the  constttupnt  cella  raay  be  seen  here  and  there  im- 
bedded, Hs  it  were,  in  the  membrane.  Outside  the  basement  membrane  lie. 
as  elsewhere  in  a  mucous  mcmbrnnc,  the  lymph  Bpacei^  of  the  iine  connective 
tissue. 

[Pit},  iw. 


c— 


.StnMAXiLi^MV  Olano  op  a  Doo. 

a,  mneoui  cellM  ;  b,  protopliunnic  celU -.  r.  demilune  oellK;  d.  tnnn-unte  secUon  of  an  uxcretory  duct 

with  Ita  peculiar  columnar  upllbeUAl  cella.] 

The  space  defined  by  the  basement  membrane  is  nearly  wholly  filled,  a 
very  small  centrut  lumen  only  being  left,  by  cells  arranged  for  the  most  part 
in  a  single  layer.  The  cells  are  large  relatively  to  the  alveolus,  so  that  in  a 
transverse  section  of  an  alveolus  about  live  or  six  cells  will  be  seen.  Each 
cell  is  more  or  lc?8  spherical  or  rather  conical  in  form,  with  its  broader  base, 
which  is  siimetimes  irregular  in  outline,  resting  on  the  basement  membrane 
and  the  narrower  a|)ex  abutting  on  the  lumen.  The  characters  of  the  cell 
differ  according  to  the  condition  uf  the  gland.  If  the  gland  has,  previous 
to  its  preparation  for  examinatiou,  not  been  actively  secreting,  th«  cells  have 
certain  characterB,  and  may  Ik?  spiiken  of  as  "loaded"  or  "charged."  If 
the  gland  has  been  actively  secreting,  these  characters  are  replaced  by 
others,  and  the  cells  may  be  apoken  of  ns  "  unloaded/'  "  discharged."  In  the 
"  loaded,"  or  as  it  is  often  called  the  "  resting"  phase,  the  cell,  in  hardened 
specimens,  is  as  a  whole  transpHrent,  and  Plains  very  slightly  with  the  ordi- 
nary staining  reagents.  The  ntuleus.  which  in  hardened  specimens  appears 
disC'ahai)ed  and  sometimes  curved  or  bent,  but  in  the  fresh  living  cell  is  seen 
to  be  spherical,  lies  at  the  base  of  the  cell  not  far  from  the  basement  mem- 
brane. Around  the  nucleus  is  gathered  a  small  quantity  of  ordinary  proto- 
plasmic cell-substance,  staining  readily  with  the  usual  dyes;  the  rest  of  the 
cell-body  consists  of  a  transparent  nuiterial,  which  does  not  slain  readily, 
and  which  occupies  the  spaces  or  meshes  of  a  very  delicate  meshwork  con- 
tinuous, apparently,  with  the  staining  protoplasmic  cellsnbstance  around  the 
nucleus,  and  with  a  thin  sheet  of  similar  material  forming  the  wall  of  the 
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i^eli.     This  tranBparcnt  material  is  either  raiiciD,  which  we  have  seen  to  be 

Ml  eoDspictioug  constituent  of  stihniaxillary  saliva  (in  the  dog),  or  a  substance 

which  can  easily  be  converted  into  actual  mucin,  that  is  tfjsay,an  autecedent 

[^  mucin  ;  hence  the  name  "  mucoun  cell."    A  resting  or  loaded  mucouj*  cell, 

Khen,  CDOsists  larijeiy  of  mucin  (or  its  antecedent)  lodged  in  the  meshes  of 

ftbe  protoplasmic  cell-suUstiince  which  over  the  greater  part  of  the  i-ell  exists. 

Iba  hardone<)  gland  at  any  rate,  as  a  delicate  meshwork  or  retjculum.  but  ia 

trod  into  a  omjmct  mass  in  asmall  area  immediately  arittind  the  nucleus. 

Id  niany  aveoli  a  more  or  leas  triangular  apace  left  l>etwecn  the  diverging 

of  two  of  the  mucoud  celta  and  the  basement  membrane  may  be  aeeu 

lo  be  occupietl  by  one  or  by  two  or  more  [>eculiar  ttmall  cella.     Theae  ou 

exatuination  are  iound  to  be  irregular  in  form,  but  often  half-moou-ahaped, 

And  are  hence  called  demilune  cells.     Each  consists  of  deeply  staining  cell- 

mbatancie  with   a  aphericAt  nucleus.      From   their  size  and  their  staining 

deeply,  as  well  as  from  their  position,  these  demilune  cells  contrast  strongly 

witii  the  mucous  cells. 

lu  the  *' discharged,"  or  as  it  is  often  called  the  "active"  phaae.  the 
niuoous  cell  has  a  different  ap(>earance,  esfiecially  if  tlie  activity  of  the 
gland  has  been  great.  The  cell  is  nr>w  smaller,  and  thus  gives  rise  lo  a  more 
ili^inct  lumen  in  the  alveolus,  a  larger  portion  of  the  cell  stains,  especially 
on  the  outer  side,  and  sometimes  the  whole  cell  stains;  the  nucleus,  now 
qiberical  even  in  hardened  specimens,  occupies  a  more  centrul  position.  The 
tnoBparcot,  non  staining  mucin  has  in  large  part  or  wholly  disappeared,  its 
placo  has  Iteen  taken  by  ordinary  nt-aining  protoplasmic  cell-substance,  and 
tbe  distinction  between  the  demilune  cells  and  the  proper  celts  of  the  alve^J- 
los  is  much  less  distinct.  We  shall  presently  have  to  discuss  the  nature  and 
meaning  of  this  change  from  the  loaded  to  the  discharged  cell. 

%  217.  A  small  duct  of  the  submaxillary  gland,  even  when  cut  transversely 
its  tbe  section  so  as  to  present  like  many  alveoli  a  circular  outline,  has  an 
appearance  very  diffeient  from  that  of  an  alveolus.  The  duct  is  lined  by 
a  single  layer  of  epithelium,  hut  thoiv^  are  slender,  narrow,  columnar  cells, 
leaving  in  the  centre  a  relatively  wide  lumen,  and  the  outside  of  the  duct  is 
not  so  sharply  dehued  by  a  conspicuous  basement  membrane  as  is  the  case  in 
an  alve<iluB.  Kach  cell,  which  beam  an  oval  nucleus  placed  verticidly  in 
ibe  cell  at  alx>ut  the  middle,  but  rather  near  the  base,  consists  of  a  |>roto- 

rklasmic  cell-subslauce  which  on  the  inner  side  of  the  nucleus  toward  the 
umeo  has  no  special  features,  but  on  the  outside,  towaril  the  basement  mem- 
bnuie  or  connective-tissue  basis,  has  fretjuently  a  longitudinal  striation,  aa  if 
made  up  of  a  number  of  rods  or  narrow  prisms  placed  side  by  side. 

The  larger  ducts  running  between  the  lobules  differ  from  such  a  small 
intra-lobular  duct  chiefly  in  the  greater  thiokneas  of  the  connective-tiaeue 
bafia,  which  in  these  b  dcvelope<l  into  a  distinct  coat  containing  in  the  case 
i^f  tbe  larger  branches  and  the  main  duct  plain  muscular  Hbres.  In  the  main 
duct  and  its  chief  branches  the  single  layer  of  colunmar  cells  is  replaec<l  by 
Iwo  or  three  layers  of  cubical  or  sometimes  flattened  cell:^  not  marked  with 
Ibe  striation  spoken  of  above.  When  a  small  intni-lubular  duct  is  about  to 
end  in  an  alveolus  or  group  of  alveoli  it  becomes  narrowed,  the  cells  lose 
Umv  striation,  from  being  slender  and  cylindrical  in  form  become  short, 
oabioal,  and  at  the  very  end  of  the  duct  change  into  Hat  spindle-shaped 
platen,  tbe  transition  from  which  to  the  characteristic  cells  of  the  alveolus  is 
m  tbe  cai«e  of  most  animals  quite  abrupt.  Such  a  moiiiHetl  terminal  portion 
uf  a  duct  ia  s>^metimes  spoken  of  aa  a  **  ductule." 

§218.  Afhuminous  i/lan<U.  These  difler  from  the  mucuua  glands  in  the 
eoQAlitution  of  the  cells  lining  the  alveoli,  but  the  structure  of  the  duct-s  and 
the  general  arrangements  of  the  gland  are  the  same  in  both  ;  indeed,  as  we 
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have  already  &aid,  in  the  eame  glanii  some  alveoli  may  be  albuminous  and 
others  ihucour. 

lu  an  albuminous  alveolus  the  cells  are  rather  smaller  than  those  in  a 
loaded  mucous  gland,  and  their  outlines  are  rather  more  angular.  In  each 
cell  the  niicleus,  which  is  ft|»hericfl!,  is  placed  near  the  centre  of  the  cell,  but 
rather  near  the  basement  membranei  and  tbe  cell-substance,  which  has  the 
gej}eral  appearance  in  an  ordinary  preparation  of  somewhat  densely  granular 
protoplasm,  stains  readily  and  unirormly  all  over.  !No  cells  corres|>ondiiig 
lo  the  demilunes  of  a  mucous  alveolus  are  present.  lit  iact,  an  albuminous 
cell  does  not  at  lirsl  slight  appear  to  diHer  markedly  fnmi  a  dis<'harged 
mucous  cell,  and  does  not  show  the  same  marked  diHerences  between  a 
loaded  and  discharged  condition  us  does  a  mucous  celL  There  are,  however, 
differences  between  the  loaded  and  discharged  albuminous  cell,  but  to  these 
we  shall  return  presently. 

The  parotid  gland  of  man,  and  indeed  of  all  mammals,  is  a  wholly  albu- 
minous gland,  though  in  the  dog  a  few  cells  are  mucous;  the  submaxillary 
of  man  is  on  the  whole  a  nun^ous  gland,  butsome  lobutcs  in  it  are  albuminous; 
the  submaxillary  of  the  rabbit  is  an  albuminous  gland.  The  sublingual  may 
perhaps  in  all  mammals  be  regarded  as  a  mueims  gland,  though  it  differs  in 
several  respects  from  other  mucous  glands;  the  cells  lining  the  duels  are  much 
shorter  and  less  distinctly  striated,  tbe  alveoli  are  more  obviously  branched 
tubules,  and  the  cells  of  ewrae  alveoli  contain  no  mucin. 

The  small  buccal  glands  which  lie  in  the  substance  of  the  mucous  mem- 
brane of  the  mouth,  and  whose  secretion  contributes  to  "  mixed  '*  saliva,  are 
formed  on  a  small  scale  after  the  plan  of  a  Halivnry  gland — that  is  lo  say, 
they  are  composed  of  a  duct  (or  ducts)  and  alveoli  which  in  structure  are 
similar  to  those  of  a  salivary  gland.  They  further  resemble  the  salivary 
glands  in  that  some  of  them  are  "albuminous"  and  some  "  mucous/' 

§  219.  The  salivary  glands  have  each  of  them  a  special  nervous  supply  of 
which  we  shall  speak  in  detail  in  the  following  section,  and  will  here  simply 
say  that  the  fibres  passing  into  the  glmids  are  both  medullated  and  nun- 
medullated  fibrea,  and  that  the  terniinationfl  of  the  fibres  have  not  been  as 
yet  exactly  made  out;  for,  though  it  has  been  maintained  by  someobservers 
that  some  of  the  nerve  fibre.4  end  in  the  secreting  cells,  this  has  not  been 
satisfactorily  proved.  Numerous  nerve-cells  may  be  seen  scattered  along  the 
nerve-fibres,  where  they  pass  into  the  glands  at  the  "  hijus,"  whence  the  main 
duct  issues. 

Of  the  nervous  supply  of  the  stomach,  derived  partly  from  both  vagi 
nerves  and  partly  from  the  solar  plexus,  we  shall  also  have  to  speak  lal^r 
on ;  we  may  here  simply  say  that  the  fibres  end  for  the  most  part  in  a  pecu- 
liar plexus  between  the  circular  and  longitudiiml  muscular  layers,  and  in 
another  peculiar  plexus  in  the  subnmcoiis  coHt,  the  two  plexuses  correspond- 
ing to  what  we  shall  describe  in  the  small  intestine  as  (he  plexus  of  Auerbach 
and  the  plexus  of  Meissner. 

The  Pancreus. 


§220.  The  structure  of  the  pancreas  is  so  similar  to  that  of  a  salivary 
gland  that,  though  we  shall  not  ileal  with  the  properties  and  characters 
of  the  pancreatic  juice  until  later  on,  it  will  be  convenient  to  consider  the 
histology  of  the  gland  now. 

Whether  as  in  man,  in  the  dog,  and  in  most  other  animals  it  forms  a 
compact  mass,  or  as  in  the  rabbit  is  spread  out  Into  a  thin  sheet,  the  pan- 
creas is  in  all  cases  a  compound  racemose  gland,  consisting  of  ducts  and 
alveoli  arranged   in  lobes  and  lobules.     [Fig.  104.]     In  man  the  smaller 
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daoU  join  one  main  duct,  which,  runniDg  leugthwise  through  the  gland, 
pieras  the  ooat«  of  the  diKKlenum  in  <ximpany  with  and  opens  into  the 
interior  of  the  intestine  by  an  orifice  common  to  it  and  to  the  bile  duct.  Not 
infre<^uently  a  ueoond  but  smaller  main  duct  coming  from  the  lower  port  of 
the  head  of  the  gland  join.*)  the  intestine  lower  down  ;  in  the  dog  such  a 
second  duct  is  a  usual  occurrence.  In  the  rabbit  the  main  duct  does  not 
join  the  intestine  with  the  bile  duct,  but  at  a  considerable  distance,  several 
centimetres,  lower  down,  so  that  in  this  animal  the  bile  and  pancreatic  Juice 
arenot  poured  together  into  the  intestine,  but  the  food  is  for  adistaDcc  exposed 
Co  the  action  of  the  former  before  it  meets  with  the  latter. 


IPlO.  lOi. 


Sdtion  or  THE  l'A}'citi;Aa  or  iue  Doo. 
d.  IcrmlnntJuit  of  •  duct  In  the  lubnlar  aItcoII,  n.] 


The  structure  of  the  ducts  is,  in  all  essential  points,  similar  to  that  of  the 
duct<  of  a  salivary  gland,  save  that  the  stritttion  of  the  epitliclial  cells  is  less 
distinct.  As  in  the  rase  of  the  palivary  gland,  the  ductule,  or  narrow  ter- 
minal portion  of  the  duct,  just  an  it  joins  the  alveoli  is  lined  by  flat  spindle- 
shaped  cells. 

The  alveoli  also  are  similar  to  those  of  a  salivary  gland  save  perhaps  that 
they  are  relatively  longer  and  inure  tubular;  tlie  lumen  iu  all  cases  is  very 
nnrrow.  As  compared  with  a  salivary  gland  tlie  nlvei)li  are  relatively  inoie 
numerous  than  the  ducts,  90  that  in  a  section  of  the  gland  relatively  fewer 
ducts  are  seen  cut  across.  Each  alveolus  is  lined  with  one  kind  of  cell  only, 
which  is  much  more  similar  to  an  albuminous  than  to  a  mucous  cell ;  there 
are  no  demilune  cells.  The  more  minute  features  of  the  alveolus  difler  ac 
cording  as  the  gland  has  been  "  resting  "  and  so  is  '*  loaded,"  or  has  been 
"•ctire"  and  so  is  "discharged."  The  cells  lining  the  alveolus  are  more  or 
lev  polyhedral  in  form,  and  each  cell  consist!^  of  a  clear  transparent  cell- 
body,  in  which  i»ccur  a  number  of  refractive  discrete  '*  granules ;  **  a  spherical 
nacieus  lies  at  about  the  outer  third  of  the  cell.  In  a  "loaded*^  cell  these 
granules  are  very  abundant,  and  reach  from  the  narrow,  inconspicuous  lumen 
to  oear  the  outer  margin  of  the  cell,  so  tis  to  leave  only  a  narrow  clear  trans- 
parent zone  immediately  bordering  on  the  basement  membrane;  the  cell-eub- 
stanoe  is  so  thickly  <>tudded  with  these  "  granules *'  that  the  nucleus  is  com- 
pletely bidden,  and  the  greater  part  of  the  cell  appears  quite  dark.  In  a 
"discharged  "  cell  these  granule.^  are  far  leas  numerous,  and  are  largely  con- 
fined to  the  inner  part  of  the  cell  abutting  on  the  lumen,  so  that  there  is 
established  a  clear  distinction  between  a  narrow  inner  "granular"  zone  and 
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a  clear  transparent  outer  zone,  free  or  nearly  free  from  granules.  The  width 
of  the  gruntilar  zone  varies  in  fact  with  the  cuntiilii»ii  uf  the  gland ;  wheu 
the  j^lurifl  hiis  been  very  active  the  granular  zone  is  very  utirrow,  when  mod- 
erately active,  it  is  brnader,  and  wheu  the  glan(i  has  been  for  some  time 
wholly  at  rest  and  is  therefore  loaded,  the  granular  zone  may  encroach  on 
nearly  the  whole  cell.  But  we  ahall  have  to  return  to  these  matters  pres- 
ently. 

In  the  pancre^aa  of  the  rabbit  and  Home  other  animals  groups  of  cellfl  of  a 
peculiar  nature  may  be  seen  intercalated  at  iutervala  in  the  midst  of  the  true 
glandular  subsLance.  TtiLHC*  are  rounded  or  polyhedral  in  form,  and  have 
a  clear  cell-substance  with  a  relatively  large  nucleus;  they  do  not  form 
alveoli  and  they  have  ni>  duett*.  Each  of  these  gr(m]>8  is  supplied  with 
blondveseela  forming  a  capillary  network  more  closely  set  than  elsewnere.  The 
exact  nature  of  these  cells  b  at  present  a  matter  of  doubt. 

The  pancreas  is  supplied  with  nerves  citming  fmrn  the  solar  plexus,  and 
consisting  partly  of  niedullated  and  partly  of  non-niedullated  fibres.  As  iu 
the  case  of  the  salivary  glundt^  tterve-cells  are  fouud  in  connection  with  the 
nerve-fibres  as  these  pass  into  the  gland. 

The  SirMctnrc  of  tfie  CEsophagtis, 

§  221.  In  the  general  plan  of  its  structure  the  oesophagus  resembles  the 
rest  of  tlie  alimentary  canal,  for  it  consists  of  a  mucous  membrane,  with  &| 
muscnlnris  mucosa.'  and  glundn,  a  loose  submucous  coat,  and  a  muscular  coat 
comprising  an  inner  circular  and  an  outer  longitudinal  layer.  But  thr 
epithi^IiuTn,  epiblnatir  in  origin,  is  very  different  from  that  of  the  stomach  or 
intestine,  and  both  circular  and  longitudinal  nnigcular  layers  are  composed 
to  H  large  extent  not  of  uuHtnalefl  hut  of  striated  Sbrea  like  thixie  of  the 
skeletal  muscles. 

In  a  vertical  section  of  the  »ii8o|)hugus  It  will  be  seen  that  the  epithelium 
is  not  arranged  as  a  single  liiyer  of  cells,  hut  is  several  cells  deep.  The 
lower  cells  near  the  basement  membrane,  which  ia  not  very  distmct,  are 
cylindrical  or  s[)heroidal  celU  with  granular  **  proloptasmiu  "  cell-ttubstunce, 
but  th'iwe  nearer  the  surface  are  more  flaLiened.  nnd  the  uppermost  cells  ai 
mere  flattened  nucleated  scales,  the  bodies  of  which  are  no  longer  proto-^ 
plasmic  but  have  become  changed  into  a  peculiar  material.  Such  an  epithe- 
lium is  called  a  "stratified"  epithelium.  A  similar  epithelium  lines  the 
greater  part  of  the  pharynx  and  the  mouth,  and  is  continuous  with  the  cor- 
responding epithelium  of  the  skin  or  "epidermis"  of  which  we  shall  have 
to  speak  later  on.  At  the  cardiac  orifice  there  is  a  sudden  transition  from 
this  stratified  epitheltuui  to  the  gastric  epithelium  previously  described. 

The  looseness  of  the  submucous  coat  permits  the  mucous  membrane  to  be 
thrown  into  temporary  longitudinal  foUls  which  disappear  wlien  the  canal  is 
distended.  But  besides  this,  the  litte  of  the  basement  membrane.  c>f  ihe  con- 
nective-tissue basis  of  epitheliuiri,  "  dermis*'  or  '  coriuiu  "  as  the  corre8p<md- 
ing  part  of  the  skin  is  called,  is  raiseil  up  into  a  number  of  permanent  coni- 
cal elevations  or  papilkr.,  in  which  the  connective  tissue  is  especially  tine 
and  which  are  richly  provided  with  bloodvesdels.  The  tsurface  line  of  the 
epithelium  does  not  f<mi*w  the  ine<]ualitiea  of  the  dermis  produced  by  these 
papillte.  but  remains  fairly  even.  In  the  presence  of  this  papilhe  the  mu- 
cous membrane  of  the  (Esophagus  also  resembles  the  skin,  but  in  the  latter 
structure  the  papillffi  are  more  abundant  and  more  regular  in  form  and  size. 

The  dernus,  or  connective  tissue  basis  of  the  epithelium,  is  a  network  of 
fibres  and  fine  bundles  of  connective  tissue,  with  connective-tissue  corpuscles 
and  a  considerable  nuuibt-r  of  fine  elastic  til^res;  the  number  of  leucocytes 
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in  the  mcslieft  of  the  network  is  relatively  scanty.  A  few  scattered  masses 
of  retaform  or  a<lenuid  tissue,  of  which  we  shall  fi|>euk  later  on,  occur  here 
and  there. 

The  asucous  membrane  proi)er  is  defined  from  the  underlying  submucous 
iinue  by  a  muscularia  muco^ce  of  plain  un?trintcd  muscular  iibreft,  lyin^  at 
•ome  distance  from  the  epithelium.  The^e  muscular  fibres  are  absent  at  the 
upf^r  part  of  the  (t^opba^us.  ap}}ear  Ktwer  down  in  isolated  longitudinal 
buntlles.  and  eventually  form  a  distinct  layer,  which,  however,  is  not  so 
rvxular  as  in  the  rest  of  the  alimentary'  canal,  and  consists  of  lougitufliual 
fibres  only,  circular  Hbres  being  abnent. 

In  man  a  few  but  in  other  animals  a  considerable  number  of  small  "  rou- 
ooQs*' and  "  albuminous"  glands  are  found  in  the  submucous  tissue ;  their 
docUfe  penetrating  the  muscularis  mucosae  where  present,  open  on  to  the 
MiWkoe  of  the  mucous  membrane.  In  man  and  mammalia  these  glands 
appear  to  b-.tvc  only  the  purpose  of  keeping  the  internal  surface  of  the 
OHOphairus  moist;  but  in  some  animals,  as  in  the  frog,  in  whkh  the  epithe- 
lium uf  the  o^ophagua  is  not  the  many  layere<i  strutilicMl  epilheliutn  jimt 
dttcribed,  but  a  single  layer  of  columnar  ciliated  cells  mixed  with  mucous 
celU,  of  the  kind  which  we  shall  later  on  des(Tibe  as  "  goblet  "  cells,  there  is 
a  large  development  cif  glands  at  the  lower  part  of  the  (I'sophagus,  and  the 
cdU  of  these  glands  manufacture  pepsin. 

As  iu  other  part«  of  the  alimentary  canal  the  submuci)us  tissue  carries  the 
larzer  hhxvdveasels  whose  smaller  branches  supply  the  mucous  membrane; 
aou  lymphatics,  beginning  in  the  mucous  membrane,  form  considerable 
plexuses  iu  the  submucous  coat. 

S  222.  Iu  man  both  the  thicker  inner  circular  and  the  outer  thinner  longi- 
tudiual  muscular  layer  consist  in  the  upper  part  of  the  oesophagus  cxclu- 
rively  of  bundles  of  striated  tibre;^,  which  in  their  main  characters  are 
identical  with  ordinary  tibres  of  skeletal  muscles.  At  about  the  end  of  the 
upper  third  or  sooner,  bundles  of  f>lain  unstnated  fibres  make  their  appear- 
aDce  among  the  bundles  of  striate<l  fibres,  and  a  little  lower  down  the 
striated  fibres  disappear,  so  that,  iu  the  lower  half  or  more  of  the  tube,  both 
eircular  and  longitudinal  layers  are  composed  almost  exclusively  of  plain 
UDStriated  fibres,  a  few  stray  bundles  of  striated  muscle  being  found  here 
and  there.  The  relation  of  the  striated  and  nnstriaied  fibres  differs,  how- 
ever, in  different  animals;  in  some  the  striated  tissue  reaches  down  nearly 
l<i  the  sli>macli. 

Abr»ve.  both  longitudinal  and  circular  layers  merge  into  the  inferior  con- 
•trict4^*r  of  the  pharynx  ;  below,  the  longitu<linal  bundles  spread  out  in  a 
radial  fashion  to  join  the  corrcspcmding  longitudinal  muscular  coat  of  the 
fttotxmch,  and  the  circular  fibres  are  also  continuous  with  the  circular  and 
oblitfiie  layen  of  the  stomach,  more  especially  with  the  latter.  Before  the 
circular  fibres  thus  spread  out  over  the  stomach,  they  undergo  a  somewhat 
increased  development  forming  a  sort  of  sphincter  of  the  cardiac  orifice. 

Outside  the  longitudinal  muscular  coat  of  the  (esophagus  there  is  a  cou- 
•idcnble  development  of  connective  tissue  formiug  what  is  sometimes  spoken 
of  as  a  tibrous  sheath.  In.  or  rather  perhaps  on,  this  sheath  in  the  lower 
part  of  the  d'sonhagus  run  the  two  vagi  nerves,  with  the  oesophageal  plexus 
which  is  forme<l  by  branches  running  from  the  uue  to  the  other.  In  it  also 
run  the  larger  bloodvessels. 

§  223.  It  is  obvious  that  the  leeophagus  is  much  more  a  muscular  than  a 
ncretiug  structure,  and  further  that  a  distinction  is  to  be  made  between  the 
rVpper  part  of  the  i.v^ophagus  where  the  muscular  fibres  are  striated,  and  the 
[lover  part  where  they  are  un^trinted.     Correapoodiug  more  or  less  clearly 

tUi  distinction,  we  Hud  that  though  the  whole  oesophagus  is  supplied  by 


33: 


THE    TISSUES    AXD     MECHAXI8MS    OF    DIGKSTION 


■nerve-fibrefl  from  the  trunk  of  the  VRg«s(which.  however,  it  must  be  remem- 
bered coutains  beeideti  fibres  of  the  vagus  proper,  fibres  from  the  spinal 
acoeasory  nerve  and  from  other  sources"),  ihe  supply  to  the  up[)er  part  takes  a 
different  course  from  the  supply  to  the  Sower  part.  Thus  in  man  the  upper 
part  is  enpplied  by  branches  of  the  retnrrent  laryngeal  nerve  u.s  it  runs  up 
between  the  trachea  nud  ceaophagus,  while  the  lower  part  derives  its  nerve- 
fibres  from  the  te^ophapeal  plexus  formed  by  the  two  vagi.  In  various 
animals  the  supply  of  the  upper  part  varies,  coming  in  some  ca^es  chie6y 
from  the  pharyngeal  branch  i>f  the  vagufl,  and  beiug  in  the  rabbit  a  distinct 
branch  of  the  vagu?.  In  all  <*aae-s,  however,  it  would  seem  that  the  lower  part 
of  the  ossophagus.  the  up]>er  limit  being  placed  higher  or  lower  in  different 
animals,  Ib  supplied  iVom  the  esophageal  plexus.  It  may  be  remarked  that  the 
fibres  in  this  plexus  are  for  the  most  part  uon-me<}Lil[ated  fibres,  but  we  shall 
have  to  return  to  these  uerve»  in  apeakiug  of  the  movemeuts  of  the  cBsopbague. 


The   Act  of  Secretion   op  Sauva   and   Gastric   Juice  and  the 
Nervous  Mechanisms  which  Regulate  it. 

§  224,  The  saliva  and  gastric  juice  whose  properties  we  have  studied, 
though  &o  difierent  from  each  other,  are  both  drawn  ultimately  fnim  one 
<;ommon  source,  the  blood,  and  they  are  poured  into  the  alimentary  c-anal, 
not  in  a  continuous  flow,  but  intermittently  as  occasion  may  demand.  The 
epithelium  cells  which  sitjsply  them  have  Ihoir  [wriods  of  re.**t  and  of  activity, 
and  the  amount  and  i|iiality  of  the  fluids  which  these  cells  secrete  are 
determined  by  the  needs  of  the  econortiy  im  the  fiH}d  passes  along  the  canal. 
We  have  now  to  consider  how  the  epithelium  cell  manufactures  its  8[>ecial 
t<ecretion  out  of  the  materials  supplied  to  it  by  the  blood,  and  how  the  cell 
is  called  into  activity  by  the  pre^nce  of  foiFd,  it  may  lie  as  in  the  case  of 
saliva  at  some  distance  fr<un  itself,  or  by  circumstauuefl  which  do  not  bear 
directly  on  itself.  In  dealing  with  these  mutters  in  connection  with  the 
digestive  juices,  we  shall  have  to  enter  at  some  length  into  the  physiology  of 
secretion  in  generah 

The  question  which  prescntg  itself  first  is:  By  what  mechanism  is  the 
activity  of  the  secreting  cells  brought  into  play? 

While  fasting,  a  sniaTl  quantity  (miy  of  saliva  is  poured  into  the  mouth; 
the  buccal  cavity  is  jvist  moist  and  nothing  more.  When  food  is  taken,  or 
when  any  sapid  or  stimulating  substance,  or  indeed  a  body  of  any  kind,  is 
introduced  fiito  the  mouth,  a  flow  is  induced  which  ninv  be  very  copioua. 
Indeed  tlie  quantity  secreted  in  ordinary  life  during  24  hours  ha*  been 
roughly  calculated  at  iis  much  as  from  I  t(*  2  litreii.  An  abundant  secretion 
in  the  absence  nf  fund  in  the  mouth  may  be  calleil  forth  by  an  emotion,  as 
when  the  mouth  waters  at  the  sight  oJ*  food,  or  by  a  smell,  or  by  events 
occurring  in  the  stomach,  as  in  some  cases  of  nausea.  Evidently  in  these 
instaoces  some  nervous  mechanism  is  at  work.  In  studying  the  action  of 
this  nervous  mechanism,  it  will  be  of  advantage  to  confine  our  attention  at 
first  to  the  submaxillary  gland. 

§  225.  The  submaxillary  gland  is  supplied  with  two  sets  of  nerves.  These 
are  represented  in  Fig.  105,  which  is  a  very  diagrRmmatic  rendering  of  the 
ap])earances  presented  when  the  submaxillary  gland  is  prepared  for  an 
experiment  in  a  ilog,  the  animal  being  ]>laccd  on  its  back  and  the  gland 
exposed  from  the  neck.  The  one  set,  and  that  the  more  important,  belongs 
to  the  cfionla  lympanl  nerve  {ph.  f/').  This  is  a  small  nerve,  which  branches 
off  from  the  facial  or  seventh  cranial  nerve  in  the  Fallopian  canal  before  the 
nerve  issues  from  the  skull.     Whether  it  really  belongs  t^  the  facial  proper 
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doubled  ;  in  man  the  fibres  which  forii]  it  are  either  fibres  coming 

the  rool8  of  the  facial  projier  but  fruni  ih.&  jjorlio  itUermtidia  Wria- 

[ier^  or,  according  to  some,  fibres  which,  though  joining  the  facial  in  the 

'TaJlopian  canal,  are  ultimately  derived   froiu   another  (.the  fiflh)  cranial 

nerve.     Leaving  the  facial  nerve,  the  chorda  tynipani  pawes  through  the 

tympanic  cavity  or  drum  of  the  ear  (hence  the  name)  and  joins  or  rather 

ruua  in  company  ch.  tj)  with  the  liugiml  or  gustatory  branch  of  the  tiUh 

laerve.     Some  of  the  fibres  run  on  with  the  lingual  right  down  to  the  tongue 

!(the«e  are  not  shown  in  the  figure),  but  mauy  leave  the  lingual  as  a  slender 

aerve  (c/».  I.),  which,  reaching  Wharton's  duct  or  duct  of  ite  submaxillary 

i^and  (tfm.  d,)  runs  along  the  duct  to  the  gland.    As  the  nerve  courses  along 

the  duct  nerve-cells  make  their  appearance  among  the  fibres,  and  these  are 

«apecia!ly  abundant  just  after  the  duct  enters  the  hiliin  of  the  gland.     The 

fibres  may  be  traced  into  the  gland  for  some  distance,  but  as  we  have  said 

their  ultimate  ending  baa  not  yet  been  definitely  made  out.    Along  its  whole 

course  up  to  the  gland,  the  fibres  of  the  chorda  are  very  fine  niedullated 

fibre*,  but  they  lose  their  medulla  iu  the  gland. 

The  other  set  of  nerve-fibres  reaches  the  gland  along  the  small  arteries  of 
the  gland.  These  are  non-me<lullAted  fibres  mixed  with  a  few  medullated 
fibres,  and  may  be  tracc<l  back  ti>  the  superior  cervical  ganglion.  From 
thence  they  may  be  traced  still  further  back  down  the  cervical  sympathetic 
to  the  spinal  cord,  following  apparently  the  same  tract  as  the  vaso-constrictor 
fibres,  treated  of  in  ti  1<)6. 

§  286.  If  a  tube  be  placed  in  the  duct,  it  is  seen  that  when  sapid  sub- 
•tanoes  are  placed  on  the  tongue,  or  the  tongue  is  stimulated  in  any  other 
way,  or  the  lingual  ner\'e  is  laid  bare  and  stimulated  with  an  interrupted 
current,  a  copious  flow  of  saliva  takes  place.  If  the  sympathetic  be  divide<i, 
stimulation  of  the  tongue  or  lingual  nerve  still  produces  a  flow.  But  if  the 
•mall  chorda  nerve  be  divided,  stimulation  of  the  tongue  or  lingual  nerve 
produces  no  flow. 

Evidently  the  flow  of  saliva  is  a  nervous  reflex  action,  the  lingual  nerve 
serving  as  the  channel  for  the  afferent  and  the  small  chorda  nerve  for  the 
efferent  impulses.  If  the  trunk  of  the  lingual  be  divided  above  the  i)oint 
where  the  chorda  leaves  it,  as  at  n.  l.\  Fig.  105.  stimulation  of  the  (,front  part 
of)  tongue  produces,  under  onlinary  circumstances,  no  flow.  This  shows 
that  the  centre  of  the  reflex  action  is  higher  up  than  the  point  of  section  ;  it 
lies  in  fact  in  the  brain. 

In  the  au^Ic  between  the  lingual  and  the  chorda,  where  the  latter  leaver  the 
fitnuer  (o  x^^as  to  the  jflnnrl,  lies  the  stuall  subiuaxillary  tranglion  (represented 
dtacraiuuiaticalty  in  Fit;.  105,  am.  gl.).  This  ixnifiiMtHof  Hiuall  uiti^L's  of  nerve-celts 
Ipag  ^1  ^^'  stuall  bundles  of  Derre-fibres  which  spread  oiat  like  ft  fan  from  the 
BDCoal  and  chorda  tympani  nerves  Wh.  t.)  luwanl  the  ductji  of  the  submaxillao' 
■ad  subliogual  glands.  It  has  been  much  deflated  whether  this  p:an|?lion  can  act 
IB  a  oeutre  of  reflex  UL>tion  in  connection  with  the  submaxillary  gland,  but  no 
eoaotonive  evidence  that  it  docs  so  act  has  as  yet  been  shown  ;  it  probably  belongs 
Ui  rsality  to  the  sublingual  gland. 

Btimulation  of  the  gloaso-pharyngeal  is  even  more  effectual  than  that  of 
the  lingual.  Prubably  this  indeed  is  the  chief  afferent  nerve  in  ordinary 
•wr^ion.  Stimulation  of  the  mucous  membrane  of  the  stomach  (as  by  food 
d  through  a  gastric  fistula)  or  of  the  vagus  may  also  produce  a  flow 
I.  a«i  indeed  may  stimulation  of  the  sciatic,  and  probably  of  many 
othc^r  aflt^rent  nerves.  All  these  cafiies  are  instances  of  reflex  action,  the 
cpn;br(>spinal  system  acting  as  a  centre.  Wc  may  further  define  the  centre 
as  a  part  of  the  medulla  oblongata,  apparently  not  far  removed  from  the  vaso- 
motor centre.     When  the  brain  is  removed  down  to  the  medulla  oblongata^ 
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that  organ  being  leil  intact,  a  flow  of  saliva  may  still  be  obtained  by  adeqai 
tiliinulatioD  of  various  afferent  nerves ;  when  the  meduJia  is  (iestnned  no  «jcb 
action  is  possible.  And  a  How  of  .saliva  may  be  produced  by  direct  stimul^ 
tion  of  the  medulla  itself.  When  a  flow  of  saliva  is  excited  bv  ideas,  or  Iqi 
emotions,  the  nervous  processes  begin  in  the  higher  parts  of  tKe  brain,  and 
descend  thence  to  the  medulla  before  they  give  rise  to  distinctly  etferect  im- 
pulsei^ ;  and  it  would  apfiear  that  thei^e  higher  parts  of  the  brain  are  called 
into  action  when  a  flow  of  saliva  is  excited  by  distinct  sensations  of  taste. 


Flo.  IOa 


Oi^ 


DiAnBAintATic  Rkpsbslvtatioic  oir  the  Scbmaxiu-asy  Ola»ii  or  the  Poo,  wrra  n»  Xkbvc» 

bLOODTEMiEia. 

The  dIaccUoa  lia*  been  on  an  animal  \ylag  on  in  back,  but  aiDoe  all  the  pmrts  shown  In 
filpire  cannot  ht  bwu  from  anfone  point  of  Ttew.  Ihe  Ogurt  doea  not  fire  the  exact  anatomical  rela- 
ttonsoT  Che  Kveral  ttnicttuci. 

tm.  fftd.  The  fubmaxllLanr  gland.  Into  the  duct  (mn.  d.)  of  which  a  ranuht  hai  been  tied.  Tbe 
Dn^oal  gland  anddticl  are  nnt  ftlmvrn.  n.f..  u.t.  The  Ungual  branch  of  the  6Ah  ntrve,  the  part 
fai  goliiv  to  tbe  toniruti.  ch.t,ch.i'..eh.f'  Tbe  chorda  tymimiit.  Tbe  part  e*.  r.  Is  proooedlng  (^oni 
fluial  nerve ;  at  cA.  f.  it  booomet  omjuinc-d  wUti  the  Uugual  n.!'.,  and  aitcrward  divessliig^ 
dL  /.  |0  the  gland  along  tlte  duct :  the  cnnUniiallon  nf  the  ncn-e  in  company  with  tbe  Itncpul  nJ. 
BM  •bown.  m.  gL  Tbe  aabmaxHiarr  enuiclinn  with  its  fieroml  roots,  a.  mr.  Tbe  carotid  artery,  mtt 
MUall  teancbesof  which,  a.  an.  a  and  r.xm.p  ,  yma  to  tbe  anterior  and  pnsterlur  («rt*of  tbegtaud. 
r.saiL  Tbe  anterior  and  posterior  reins  from  tbe  ictand,  falling  Into  r.j,  tbe  jogular  rein,  r.fyw  Tbe 
OQOjolscd  TSgns  and  fjmpathetic  trunks,  g.  crr.«.  Tbe  upper  cervical  gmngllon.  two  hranchcsol 
whk^,  fonalsig  a  ptexna  <a/.j  over  tbe  facial  artery,  are  dUtrihuted  (a.  tyMi.  cm.)  along  the  two 
glaadtUax  ancctai  to  the  aaletkir  %xtA  poatertor  portions  of  tbe  gland. 

Tbe  ■nowtodloate  tbe  direction  taken  hy  tbe  nenroos  impulsei  during  reflex  vdmalaUoa  of  tha 
gland.    Thej  aaoead  to  tbe  brain  by  tbe  lingual  and  descend  bj  the  chorda  tyrmpaiii. 


Tbesalfl 
part^ 
Atxnl^H 

si  nJ..Tr 


i 


Considering,  then,  the  flow  of  saliva  as  a  reflex  act,  the  centre  of  wbi 
lice  in  tbe  medulla  oblongata,  we  may  imagine  the  eflerent  impulses  paaai 
from  that  centre  to  the  gland  either  by  the  chorda  tympaui  or  by  the  »y 
pathetic    nerve.      Although  it  would   |jerhflps  be  ra*h  to  gay  that  in  ehis 
relation  tbe  sympaihecic  nerve  never  acts  as  an  efferent  channel,  as  a  mat 
of  fact  we  have  no  satisfactory  expeiimental  evidence  that  it  does  so; 
we  may,  therefore,  state  that,  practically,  the  chorda  tympani  is  the 
It  nerve.     Section  of  that  nerve,  either  where  the  fibres  pass  from 

l^al  nerve  and  the  submaxillary  ganglion  to  the  gland,  or  where  it  ni 
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n  Uie  «a.ine  sheath  as  ihe  lingual,  or  in  any  part  of  its  course  from  the  main 
fiuial  trunk  to  the  lingual,  puU  au  enil,  aa  tar  as  we  know,  to  the  (xKitiihility 
of  ADy  flow  being  excited  by  stitnuli  applied  to  the  geneory  nerves,  or  to  the 
•cmient  surfaces  of  the  mouth  or  of  other  pnrta  of  the  ln^iy. 

The  natural  reflex  act  of  secretion  may  be  inhibited,  like  the  reflex  action 
nf  ih«  vasomotor  nerves,  at  its  centre,  fhus  when,  a?,  in  the  old  rice  ordeal, 
hmr  parches  the  mouth,  it  is  probable  that  the  uflerent  impulses  caiiHed  by 
the  presence  of  f<H>d  in  the  mouth  cense,  through  emotionul  inhibition  of 
their  reflex  centre,  to  give  rise  to  eflerent  impulses. 

§  237.  In  life,  then,  the  flow  of  saliva  is  brought  about  by  the  advent  to 
the  gland  along  the  chorda  tympuui  of  eflerent  impulses,  started  chiefly  by 
redex  actions.  The  inquiry  thus  narrows  it^jelf  to  the  ({ueetion  :  In  what 
roanner  do  these  eflerent  impulses  cause  the  increa.se  of  flow? 

If  in  a  dog  a  tube  be  introduce<l  into  Wharton's  duct,  and  the  chorda  be 
divided,  the  flow,  if  any  be  going  on,  is  from  the  lack  of  cflt-rcut  injpulses 
arrested.  On  passing  an  interrupted  current  through  the  peripheral  portion 
ot  Uie  chorda,  a  copious  secretion  at  once  takes  place,  and  the  saliva  begins 
to  rise  rapidly  in  the  tube;  a  very  short  time  after  the  application  of  the 
current  the  flow  reaches  a  maximum  which  is  mainUtined  for  some  time,  and 
then,  if  the  current  be  long  continued,  gradually  lessens.  If  the  current  be 
applied  for  a  short  time  only,  the  secretion  may  last  for  some  time  afler  the 
current  has  been  shut  oM'.  The  saliva  thus  obtained  is  but  slightly  viscid, 
aod  under  the  microscofH*  a  very  few  salivary  corpuscles,  and,  occasionally 
only,  amorphous  lumps  of  i»eculiar  material,  probably  mucous  iu  nature,  are 
wetn.  If  luc  gland  itself  be  watcheil,  while  its  activity  is  thus  rtmwd,  it 
will  be  seen  (as  we  have  already  said,  §  167)  that  its  arteries  are  dilated  and 
:*'«  rapillaries  filled,  and  that  the  blood  flows  rapidly  through  the  veins  iu  a 
I  -iream  and  of  bright  arterial  hue,  frequently  with  pulsating  movemeuts. 
ii  a  vein  of  the  gland  l>e  o|>ened,  this  large  increase  of  flnw,  and  the  lessen- 
ing of  the  (»rdinnry  deoxygenation  of  the  blood  consef|ueiU  upon  the  raftid 
■ftream,  will  be  still  more  evident.  It  is  clear  that  excitation  of  the  chonla 
lafgely  dilaten  the  arteries:  the  nerve  acta  energetically  as  a  vasodilator 
oerre. 

Thus  stimulation  of  the  chorda  brings  about  two  events:  a  dilatation  of  the 
hloodTeraels  of  the  gland,  and  a  flow  of  saliva.  The  question  at  once  arises, 
la  the  latter  simply  the  result  of  the  former  or  is  the  flow  caused  by  sotne 
direct  action  on  the  secreting  cells.  a[>art  from  the  increased  bIo<Ki-8upi)Iy  ? 
In  0Up|wrt  of  the  former  view  we  might  argue  that  the  activity  of  the  epithe- 
lial secreting  cell,  like  that  of  any  other  form  of  protoplasm,  is  defK-ndeut 
oci  blood-supply.  When  the  small  arteries  of  the  gland  dilate,  while  the 
praMureiu  the  arteries  on  the  side  toward  the  heart  is  (as  we  have  previously 
seen  when  treating  generally  of  blood-pressure.  §  120)  C(irres|M)ndingly  dimin- 
isbed,  the  pressure  on  the  far  side  in  the  capillaries  and  veins  is  increased  ; 
beooe  the  capillarity  become  fuller,  and  mon*,  blood  pais^^ee  through  them  in 
a  given  time.  From  this  we  might  inter  that  a  larger  amount  of  nutritive 
tiuUerial  would  pa^is  away  from  the  capillaries  into  the  surroun<ling  lymph- 
spoott,  and  so  into  the  efiithelium  cells,  the  result  of  which  would  naturally 
ba  U»  quicken  the  processes  going  on  in  the  cells,  and  to  stir  these  up  to 
juMter  activity.  But  even  admitting  all  this  it  {Ums  not  necessarily  foltow 
tmii  the  activity  thus  excited  should  take  on  the  Utrtu  of  secretion.  It  is 
<|aitft  ponible  to  conceive  that  the  increased  blood  supply  should  lead  only 
to  (h«  aircumulatiou  in  the  cell  of  the  nonstituent8  (d  the  saliva,  or  of  the 
raw  materials  for  their  construction,  and  not  U>  a  discharge  of  the  secretion. 
A  man  works  better  Ibr  being  fed,  but  fee<ling  doe^  not  make  hint  work  iu 
tlHi  absence  of  any  stimulus.    The  increased  blood-supply,  therefore,  while 
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favorable  to  active  secretion,  need  not  necessarily  bring  it  about.  Moreover, 
the  following  facts  distinctly  show  tlml  it  need  not.  When  a  canuia  is  tied 
into  the  duct  and  the  churda  is  energeiically  atinnilated,  the  pressure  acquired 
by  the  saliva  accumulated  in  tbe  canuia  and  in  the  duct  may  exceeti  for  the 
time  being  the  arterial  blood-pressure,  even  that  of  the  carotid  artery;  that 
is  to  say,  the  pressure  of  tiuid  in  the  gland  outside  the  bloodvessels  is  greater 
than  that  of  the  LIlkkI  inside  the  hloodvesaels.  This  must,  whatever  be  the 
exact  mode  of  transit  of  nutritive  material  through  the  vasciilar  walls,  tend 
to  check  that  transit.  Again,  if  the  head  of  an  animal  be  rapidly  cut  off, 
and  the  chorda  innncdialely  Btinuilated,  a  flow  uf  saliva  takeH  place  far 
too  copious  to  be  accounted  for  by  the  emptying  of  the  salivary  channels 
throygh  any  supposed  contraction  of  their  walls.  In  this  case  secretion  is 
excited  in  the  gland  though  the  blood-aupply  is  limited  to  the  small  quantity 
Btill  remaining  in  the  bloodvessels.  Lastly,  if  a  small  quantity  of  atropine 
be  injected  into  the  veins,  stimulation  of  the  chorda  produces  no  secretion  of 
saliva  at  all,  though  the  dilatation  of  the  bloodvessels  takes  place  as  usual;  in 
spite  of  the  greatly  iucreased  blood-supply  uo  secretion  at  all  takes  place. 
These  facte  prove  that  the  secreKiry  activity  i.s  not  simply  the  result  of  vas- 
cular changes,  but  may  be  called  forth  independently;  they  further  lead  us 
to  suppose  thai  the  chorda  contains  two  sets  of  fibres,  one  which  we  may  call 
secretory  fibres,  acting  directly  on  the  secreting  structures  only,  and  the  other 
vaao-dilatnr  iibre^s,  acting  on  the  bloodvessels  only,  and  further  that  atropine, 
while  it  has  no  effect  on  the  latter,  pnralyzes  the  former  just  as  it  paralyzes 
the  inhibitory  fibres  of  the  vagus.  Hence  when  the  chorda  is  stimulated, 
there  pass  down  the  nerve,  in  addition  to  impulses  affecting  tlie  blood -supply, 
impulses  affecting  directly  the  protoplasm  of  the  secreting  cells,  and  calling 
it  into  action,  just  as  similar  impulses  cull  into  action  the  contractility  of  the 
substance  of  a  muscular  fibre.  Indeed,  the  two  things,  secreting  activity  and 
contracting  activity,  are  very  parallel.  We  know  that  when  a  muscle  con- 
tracts, its  bloodvessels  dilate  ;  &m\  much  in  the  same  way  as  by  atropine  the 
secreting  action  of  the  gland  may  be  isolated  from  the  vascular  dilatation,  so 
(in  the  frog  at  all  events)  by  a  proper  dose  of  urari  muscular  contraction 
may  be  removed,  and  leave  dilataeion  of  the  bloodvessels  as  the  only  effect  of 
stimulating  the  muscular  ner>*e.  In  both  cases  the  greater  flow  of  blood 
may  be  an  adjuvant  to,  but  is  not  the  exciting  cause  of,  the  activity  of  the 
structures. 

Since  the  chorda  acts  thus  directly  ou  the  secreting  cells,  we  should  expect 
to  find  an  anatomical  conuection  between  the  cells  and  the  nerve ;  and  some 
authors  have  maintained  that  the  nerve-fibres  may  be  traced  into  the  cells. 
But,  save  pcrhiips  in  the  c-ase  of  certain  glands  of  invertebrates  (so-called 
salivary  glands  of  Blatta)^  the  evidence  as  we  have  said  is  aa  yet  not 
convincing. 

§228.  When  the  cervical  sympathetic  is  stimulated,  the  vascular  effects, 
aa  we  have  already  said,  §  168,  are  the  exact  contrary  of  those  seen  wheji 
the  chorda  is  stinuilated.  The  small  arteries  are  constricted,  and  a  small 
quantity  of  dark  venous  blood  escapes  by  the  veins.  Sometimes,  indee^l, 
the  flow  through  the  gland  is  almost  arrested.  The  sympathetic,  therefore, 
acts  as  a  vaso-constrictor  nerve,  and  in  this  sense  is  antagonistic  to  tiie 
chorda. 

As  concerns  the  flow  of  saliva  brought  about  by  stimulation  of  the  sym- 
pathetic, in  the  case  of  the  sv;bmflxi]lary  gland  of  the  dog  the  effects  aire 
very  peculiar.  A  slight  flow  reaiiUs,  and  the  saliva  so  secreted  is  remarkably 
viscid,  of  higher  specific  gravity,  and  richer  in  corpuscles  and  in  the  above- 
mentioned  a^lorpl)ou^<  lumps  than  \^  the  chorda  saliva.  This  action  of  the 
ipathetic  is  little  or  not  at  all  affected  by  atropine. 
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^Tll  the  ftuhmnxilliiry  j^Iand  of  the  doir  then  the  oontrnat  between  the  effect** 

of  chonla  fttimulutioii  an<J  those  of"  synipnthetic  stimulation  are  very  marked; 

:  thr  former  gives  ri?e  to  vascular  Hilutatum  with  a  copious  flow  of  fairly  limjiitl 

•kliva  poor  in  solida,  the  latter  to  vascular  constriction  with  a  scanty  How  of 

FYi«cid  saliva  richer  in  solids.     And  in  other  animaU  a  Mtnilur  contrast  i»re- 

[■  Tails,  though  with  minor  differences.   Thus,  in  the  rabhit  buth  ehonia  euliva 

taod  Bjinpftlhetic  saliva  are  limpid  and  free  trom  mticus,  though  the  latter 

L contains  more  proteids;  in  the  cat,  chorda  saliva  is  more  viscid  than  sympa- 

[  thetic  uliva  ;  but  in  both  these  cases,  as  in  the  dog,  etimulalion  of  the  chorda 

Oiuaes  a  copious  How  with  dilated  bloodvesaels,  and  stimulation  of  the  ttym- 

I  pathetic  a  scanty  flow  with  vascular  constriction.     We  shall  return  again 

presently  Ut  these  difierent  actions  of  the  two  nerves;  meanwhile  we  have 

KCQ  enough  of  the  history  of  the  submaxillary  gland  to  learn  that  secretion 

in  this  instance  is  a  reflex  notion,  the  efferent  impulses  i)f  which  directly 

affect  the  secreting  cells,  and  that  the  vascular  plienomena  may  assist,  but 

are  not  the  dire<.i  cause  of  the  flow. 

§  229-  We  have  dwelt  long  on  this  gland  because  it  has  been  more  fruit- 
ftilly  studied  than  any  other.  Rut  the  nervous  mechanisms  of  the  other 
salivary  glands  are  in  their  main  features  similar.  Thus  the  secretion  of  the 
pamtid  gland,  like  that  of  the  Hubmaxillary.  is  governed  by  two  sets  of  fibres; 
one  of  cerebrospinal  origin,  running  along  the  auriculo-lemporal  branch  of 
the  fiflh  nerve  but  originating  pi^sibly  in  the  glosso-pharyngeal,  and  the  other 
of  sympathetic  origin  coming  from  thecerviciil  sympathclie.  Stimulation  of 
the  cerebro-flpinnl  fibres  produces  a  copious  flow  of  Hmpid  saliva,  free  from 
oiucus.  the  secretion  reaching  in  the  dog  a  pressure  of  118  mm.  mercury; 
stimnlfttion  of  the  cervical  symjtathetic  gives  rise  in  the  rabbit  to  a  secretion 
also  free  from  mucus  but  rich  in  proteids  and  of  greater  araylolytic  power 
than  the  cerebro-spinal  secretion;  in  the  dog  little  or  no  secretion  is  proauced, 
though,  as  we  shall  aee  later  on,  certain  changes  are  brought  about  in  the 
riaaa  itself.  In  both  animals  the  cerebrospinal  fibres  are  vaso-dilator,  and 
Uie  sympathetic  fibres  vaso-coustrictor  in  action.  Stimulation  of  the  central 
end  of  the  glosso-pharyngeal  produces  by  reflex  action  a  secretion  frum  the 
parotid  gland,  but  that  of  the  lingual  is  said  to  be  without  effect. 

S  230  The  vecrdion  of  gnMnc  juict\  Though  a  certain  amount  of  gastric 
juire  may  sometimes  be  found  in  the  stomachs  of  fiisting  animals,  it  may  be 
sfateii  generally  that  the  stomach,  like  the  salivary  glands,  remains  inactive, 
yielding  m*  secretion,  so  l(»ng  as  it  la  not  Hiimulated  by  food  or  otherwise. 
The  advent  of  fo<Kl  into  the  stomach,  however,  at  once  causes  a  copious  flow 
of  gastric  juice:  and  the  quantity  secreted  in  the  twenty-four  hours  is  proba- 
bly very  considerable,  but  we  have  no  trustworthy  data  for  calculating  the 
exact  amount.  So  nleo  when  the  gastric  mucous  membrane  is  stimuhited 
nechanically.  ns  with  a  feather,  secretion  is  excited  ;  but  to  a  very  ^mall 
•mount  even  when  the  whole  interior  surface  of  the  stomach  is  thus  repcatt^dly 
lated.  The  most  efficient  stimulus  is  the  natural  stimulue,  viz.,  fofxl ; 
lOgh  dilute  alkalies  seem  to  have  unusually  jxiwerful  stimulating  effects; 

the  swallowing  of  saliva  at  once  provokes  a  flow  of  gastric  juice. 
During  fasting  the  gastric  membrane  is  of  a  pale  gray  color,  somewhat 
dry,  covered  with  a  thin  layer  of  mucus,  and  thrown  into  folds;  during  diges- 
tion it  becomes  red,  flushed,  and  tumid,  the  folds  disapi>ear.  and  minute  drops 
«/  fluid  appearing  at  the  mouths  of  the  glands,  apeetlilv  run  together  into 
•mall  streams.  When  the  secretion  is  very  active,  the  bfotxi  flows  from  the 
capillaries  into  the  veins  in  a  rapid  stream  without  losing  its  bright  arterial 
hoe.  The  secretion  of  gastric  juice  is,  in  fact,  accompanied  by  vascular 
dilatation  in  the  same  way  as  is  the  secretion  of  saliva. 

§  231-  Heeiug  that,  unlike  the  case  of  the  salivary  secretion,  food  is  brought 
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into  the  immediate  neighborhood  of  tlie  accreting  cells,  it  is  exceedingly- 
probable  that  ti  great  deal  of  tbe  Becretiou  ih  the  result  of  the  working  of  a 
loc-fll  mechanisH] ;  and  this  view  ia  supported  by  the  fact  that  when  a  mechani- 
cal stimulus  is  applied  to  one  spot  of  tbe  gastric  membrane  the  secretion  is 
limited  to  the  neighborhood  of  ttmt  spot  and  is  not  excited  in  distant  parts. 
This  local  mechanism  may  be  nervous  in  nature  or  the  effect  of  the  stimulus 
may  r>erha|)a  he  conveyed  directly  from  cell  to  cell,  from  the  mouth  of  the 
gland  to  ilfl  extreme  base,  without  the  intervention  of  any  nervous  elements  ; 
but  the  vascular  changes  at  least  would  seem  to  imply  the  presence  of  a 
nervous  raechaaism. 

Tbe  stomach  is  supplied  with  nerve-fibres  from  the  two  vagi  nerves  and 
from  the  Holar  ptesuB  of  the  splanchnic  system.  The  two  vagi  after  forming 
the  ivaopbflgeal  plexus  on  the  oeaopbagus  are  gathered  together  again  as  two 
main  Iniuks  which  run  along  the  wsophagus,  the  left  in  the  front  the  right 
at  the  back,  to  tbe  stomach.  The  left  or  anterior  nerve  is  distributed  to  the 
smaller  curvature  and  tbe  front  surface  of  the  stomach,  forming  a  plexus  in 
which  nerve- eel  la  are  present;  and  liranchcs  pass  on  to  the  liver  and  proba- 
bly to  tbe  duodenum.  The  right  or  posterior  nerve  ia  distributed  to  the 
hinder  surface  of  tbe  stomach,  but  only  to  the  extent  of  about  one-lhird  of 
its  fibres;  about  two-thirda  of  the  fibres  pa-ss  on  to  the  solar  plexus.  The 
fibres  of  tbe  vagus  nerves  thus  distributed  to  tbe  stomach  are  for  the  most 
part  non-mcdullated  fibres;  by  the  time  tbe  vngus  reaches  the  abdomen  it 
consists  almost  exclusively  of  non-medullated  fibres,  medutlated  fibres  being 
very  few  ;  tbe  large  number  of  medullated  fibres  which  the  nerve  contains 
in  the  upi>er  part  of  the  neck  jia-ss  off  into  the  laryngeal,  cardiac,  and  other 
branches. 

From  the  solar  plexus  nen'es,  arranged  largely  in  plexuses,  pass  in  company 
with  the  divigione  of  the  cceliac  artery,  coronary  artery  of  the  8t<)mach  and 
brunches  of  the  hepatic  artery,  to  the  stomach.  Though  the  two  abdominal 
splanchnic  nerves  which  join  the  solar  plexus  (semilunar  ganglia)  are  chiefly 
composed  of  medullated  fibres,  the  nerves  which  pass  from  the  plexus  to  the 
stomach  are  to  a  large  extent  composed  of  non-mednllated  fibres.  All  these 
nerves,  both  branches  of  the  vagi  and  those  from  tbe  solar  plexus,  lie  at  first 
in  company  with  tbe  arteries  on  tbe  surface  of  the  stomach  beneath  the  |>eri- 
toneum.  t*rom  thence  they  pass  inward,  atJIl  in  company  with  arteries,  and 
form  on  the  one  hand  a  plexus,  cuutainiiig  nerve-cells  between  the  longitu- 
dinal and  circular  muscular  coats  corresj^nding  to  what  in  the  intestine  we 
shall  have  to  speak  of  as  the  plexus  of  Auerbach,  whence  fibres  are  distrib- 
uted to  tbe  two  muscular  coats,  and  on  the  other  hand  a  plexus  in  the  sub- 
mucous coatj  alsti  containing  nerve-cells,  eorre^pituding  to  what  is  known  io 
the  intestine  as  Meisaner's  plexus.  From  this  latter  plexus  fibres  pass  to  tbe 
mucous  membrane;  some  rjf  these  end  in  the  muscularis  mwcosic ;  whether 
any  are  connected  with  tbe  gastric  glands,  and  if  so  bow,  is  not  at  present 
known. 

There  are  no  facts  which  afford  satisfactory  evidence  that  any  part  of  this 
arrangement  of  nerves  supplies  such  a  local  nervous  mechanism  as  was  sug- 
gested above  The  importance,  however,  of  such  a  local  mechanism  what- 
ever its  nature,  and  the  subordinate  value  of  any  connection  between  the 
gastric  membrane  and  tbe  central  nervous  system,  is  further  shown  by  the 
fact  that  a  secretion  of  quite  normal  gastric  juice  will  go  on  after  both  vagi, 
or  the  nerves  from  tbe  solar  plexus  going  to  the  stomach  have  been  divided, 
and,  indeed,  when  all  the  nervous  connections  of  the  stomach  are  as  far  as 
pistiible  severed.  And  all  attempts  to  provoke  or  modify  gastric  secretion 
ny  the  stimulation  of  the  nerves  going  to  the  stomach  have  hitherto  faile<i. 
On  the  other  hand,  in  coses  of  gastric  fistula,  where  by  complete  occlusion 
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of  tbe  OBBophaj^ia  Atiruiilation  by  the  descent  of  saliva  has  been  avoided,  the 
i  iij^bt  or  smell  of  f<xKi  has  been  seen  to  provoke  a  lively  secrelion  of 
ic  juice.  This  miist  have  been  due  to  some  nervous  action  ;  and  the 
le  may  be  said  of  the  cases  where  emotions  of  grief  or  anger  suddenly 
Arrest  tbe  secretion  going  on  or  prevent  the  secrelion  which  would  otherwise 
bare  taken  place  as  the  result  or  the  presence  of  food  in  the  stonmcli.  So 
that  much  has  yet  to  be  learned  in  this  matter. 

$  832.  The  contrast  presented  helween  the  scanty  secretion  resulting  from 
mechanical  stimulation  and  the  copious  Jlow  which  actual  fuod  iuduces  is 
iiiteredting  because  it  seems  to  show  that  the  secretttry  activity  of  the  cells  is 
hsM^tencxI  by  the  al>sorntion  of  certain  products  derive<i  from  the  portions 
of  food  first  digested.  This  is  well  illustrated  by  the  following  experiment 
uf  Heidenhain.  This  observer,  adopting  the  niethod  LMUployed  for  the  intes- 
tine, of  which  we  shall  spenk  later  on,  succeedetl  in  isolating  a  (lortion  r)f  the 
foodus  from  the  rest  of  the  stomach;  that  is  to  say,  he  cut  out  a  [X)rtion  of 
the  fundus,  sewed  together  the  cut  edges  of  the  main  stomach,  so  as  to  form 
a  smaller  but  otherwise  complete  organ,  while  by  sutures  he  converted  the 
excised  piece  of  fundus  into  a  email  indcjtendent  elomaeh  oiiening  on  in  tbe 
exterior  by  a  fistulous  orifice.  When  food  was  introduced  into  the  main 
rtooMcb  secretion  also  tcK>k  place  in  the  isolated  fundus.  Thi8  at  first  sight 
■i^hl  seem  the  result  of  a  nervous  reflex  act ;  but  it  was  obscrvixl  that  the 
•MODdary  secretion  in  the  fundus  was  dependent  on  actual  digestion  taking 
plus  ux  the  main  stt^mach.  If  the  materiut  introduced  into  the  main  stomach 
wm  indigestible  or  digested  with  ditKculty,  so  that  little  or  no  products  of 
CmitioD  were  formed  and  absorbed  into  the  bloiKi,  such  ex.  pr.  as  pieces 
ofligmcDcntum  nuchie,  very  little  secretion  ^ook  place  in  the  isolated  fundus. 
Ws  quote  this  now  as  bearing  on  the  fjuestion  of  a  possible  nervous  niechan- 
isB  of  gastric  secretion^  but  we  shall  have  to  return  to  it  under  another 
•specL 

The  Chan(jr»  in  a  Gland  ronatlhUinff  Uis  Ad  of  Seereium. 

§  S33.  We  have  now  to  consider  what  are  the  changes  in  the  glandular 
eelb  and  their  surroundings  which  cau8G  this  fiow  of  fiuid  possessing  specific 
ehArsct«ra  into  the  lumen  of  an  alveolus,  and  so  into  a  duct.  It  will  be  con- 
venient  to  begin  with  the  pancreas. 

Tbe  thin  extended  pancreas  of  a  rabbit  may,  by  means  of  special  precau- 
tiaDS,  be  spread  out  on  the  stage  of  a  microscope  and  examined  with  even 
high  powers,  while  the  animal  is  not  only  alive  but  under  such  conditions 
tiiiat  tbe  gland  remains  in  a  nearly  normal  state,  capable  of  secreting  vigor- 
ously, it  is  poBsible  under  these  circumstances  to  observe  even  minutely  the 
Srpesrsnees  presented  by  the  gland  when  at  rest  and  loaded,  and  to  watch 
e  changes  which  take  place  during  secretion. 

When  the  animal  has  not  been  digesting  for  some  little  time,  and  the  gland 
therefore  '*  loaded,*'  the  outlines  of  the  individual  cells,  as  we  have  already 
§  220,  are  very  indistinct,  the  bimen  of  the  alveolus  is  invisible  or  very 
kicuous,  and  each  cell  is  crowded  with  small,  refracti\*e  spherical  gran- 
forming  an  irregular  granular  mass  which  hides  the  nucleus  and  leaves 
tly  s  rer)'  narrow  clear  outer  zone  next  to  the  basement  membrane,  or  it 

be  hardly  any  such  zone  at  all.     i  Fig.  106,  A.) 
Th«  bloixi-su|)p"ly,  moreover,  is  scanty,  the  small  arteries  being  constricted 
id  thr  capillaries  imperfectly  filled  with  cor[)UBcltis. 

If,  however,  the  same  pancreas  l>e  examined  while  it  is  in  a  state  of  activity, 
rilbrr  fn>m  the  presence  of  food  in  the  stomach,  or  from  the  injection  of  some 
imuIaliDg  drug,  such  as  pilocarpine,  a  very  ditfereut  state  of  things  is  oeen. 
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The  individual  txWs  (Fig.  106,  B)  have  become  smaller  aud  much  more  dis- 
tinct in  outline  and  the  contour  of  the  alveolus  which  previously  was  even 
is  now  wav}\  the  basement  membrane  being  iodeuted  at  the  junction  of  the 
cellfl;  also  the  lumen  of  the  alveolus  is  now  wider  and  more  conspicuous. 
lu  each  cell  the  granules  have  become  much  fewer  in  number  and,  as  it  were, 
have  retreated  to  the  inner  margin,  bo  that  the  inner  granular  zone  is  much 
narrower  and  the  outer  transparent  zone  much  broader  than  before;  the 
latter,  too,  is  fretjittintly  marked  at  its  inner  part  by  delicate  stria?  running 
into  the  inner  zone.  At  the  lULmc  time  the  bloodvesaela  are  largely  dilated 
and  the  stream  of  blood  through  the  capillaries  is  full  aud  rapid. 


FIO.  lUQ. 
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A  PORTIOS  OF  THE  PANnREAfl  OF  THE  RABDIT.  (KUIINE  and  SlIEllIDAN  LEA.) 
A  At  rent,  ^]u  a  sUte  ofnclivlty.  u  the  inner grnnulnr zone.  In  which  A  is  Itirger.  and  morecloMlf 
ettidded  with  fine  gTAnnU-j,  tltAti  in  B,  In  which  the  CTunulra  arc  fewer  nnd  cnames.  b  the  nutcr 
tmiupueDt  one,  btobXI  In  A.  lurgi^r  In  Ji,  and  tn  tht)  laii«r  mariced  with  MM  Birls.  c  the  Itunea, 
Tery  obvious  Ln  B,  but  lodUtinot  tn  A.  d  an  iDdeaUtion  at  tho  junction  of  two  wlls,  seen  lu  B,  but 
not  oocuning  In  A. 

With  care  the  change  from  the  one  state  of  things  to  the  other  may  be 

watched  under  ttie  niiunjscope.  Tlie  vascular  changes  can,  of  course,  be 
easily  appreciated,  but  the  granules  may  also  be  seen  to  diminish  in  numl)er. 
Thctee  at  the  inner  margin  seem  to  be  discharged  into  the  lumen,  and  those 
nearer  the  outer  margin  to  travel  inward  through  the  cell  substance  toward 
the  lumen,  the  faint  strise  spoken  of  above,  apparently,  at  all  events,  being 
the  marks  of  tlieir  pathe.  Obviously,  during  secretion,  the  granules  with 
which  the  cell  suhstjuice  was  "  loaded  "  are  **  discharged  "  from  the  oell  into 
the  lumen  of  the  alveolus.  What  changes  these  granules  may  undergo  dur- 
ing the  di.-^charge  we  shall  consiiler  pret^ently. 

Sections  of  the  prepared  and  hardened  pancreas  of  any  animal  tell  nearly 
the  same  tale  as  that  thus  told  by  the  living  pancreas  of  the  rabbit.  In 
sections,  for  instance,  of  the  pancreas  of  a  dog  which  has  not  been  fed,  and 
therefore  has  not  been  digeating.  for  gome  hours  (twenty-four  or  thirty),  the 
cells  are  seen  to  be  crowded  with  granules  (which,  however,  are  usually 
shrunken  and  irregular  owing  to  the  intlnence  of  the  hardening  agent), 
leaving  a  very  narrow  i>uter  zone.  In  similar  sections  of  the  pancreas  of  a 
dog  which  has  been  recently  fed, six  hours  before  for  example,  and  in  which, 
therefore,  the  gland  has  been  for  some  time  actively  secreting,  the  granules 
are  far  less  numerous,  and  the  clear  outer  zone  accordingly  much  broader 
and  more  conspicuous.  With  osmic  acid  these  granules  stain  well,  and  are 
preserved  in  their  spherical  form,  so  that  the  cell  thus  stained  maintains 
much  of  the  apjiearftnce  of  a  living  cell.  But  with  carmine,  hicmatoxylin, 
etc.,  the  granules  do  not  stain  nearly  so  readily  as  does  the  cell-substance  of 
the  cells,  so  that  a  discharged  cell  stains  more  deeply  than  d<M»  a  loaded  cell 


CHANOSa    IN    THE    GLANDS. 


341 


the  staining  of  the  "  protoplasmic  "  celJ-subatance  is  not  so  mwch 

ired  by  the  uastaiued  granules  ;  be&ides  which,  however,  the  actual  cell- 

ibitance  stains  probably  somewhat  more  deeply  in  the  discharged  cell.     It 

ij  be  added  that  in  the  discharged  cell  the  nucleus  is  c<Juspicuou8  aud  well 
formed  ;  in  the  loadeil  cell  it  is  generally  in  prcparetl  seetioDS,  more  or  less 
irregular,  possibly  because  in  these  it  is  less  dense  and  more  watery  than  in 
tbe  discharged  cell,  and  so  ehrinka  under  the  influence  of  the  reagenta 
employed. 

These  several  observations  suggest  the  concl  usion  that  in  a  gland  at  rest  the 
cell  ie  occupied  in  forming  by  means  of  the  metabolism  of  its  cell-substance 
and  lodging  in  itself  ($  301  certain  granules  of  peculiar  substance  intended 
to  be  a  part  and  probably  an  im[>ortant  part  of  the  eeeretion.  This  goes  on 
DDUl  the  cell  is  more  or  lesa  completely  "  loaded/*  In  such  a  cell  the  amount 
of  actual  living  cell-eubstanee  is  relatively  Hiiiall.  iU  place  is  largely  occu- 
pied by  granules,  and  in  itself  has  been  partly  consumed  in  forming  the 
granuleA.  During  the  act  of  secretion  the  granules  are  discharged  to  form 
part  of  the  secretion,  other  matters  including  water,  as  we  shall  see.  making 
up  tbe  whole  secretion  ;  and  the  cell  would  be  projiortionately  reduced  in 
■iie  were  it  not  that  the  act  of  the  discharge  Heems  to  stimulatt^  the  cell- 
fufaatance  to  a  new  activity  of  growth,  so  that  the  new  cell-substance  is 
formed  ;  this,  however,  is  in  turn  soon  in  part  consumed  in  order  to  form 
sew  granules.  And  what  is  thus  seen  with  considerable  distinctness  and 
taae  in  the  pancreas,  is  seen  with  more  or  leas  distinctness  in  other  glands. 

^  234.  When  we  study  an  albuminous  gland,  the  parotid  gland,  for  in- 
stance, in  a  living  state,  we  find  that  the  changes  which  take  place  during 
activity  are  quite  comparable  to  those  of  the  pancreas.  During  rest  (Fig. 
1U7,  Aj,  the  cells  are  large,  their  outlines  very  indistinct,  in  fact  almost  in- 
visible, and  the  cell-substance  is  studded  with  granules.  During  activity 
(Fig.  107,  B)  the  cells  become  smaller,  their  outlines  more  distinct,  and  the 
granules  disappear,  especially  from  the  outer  portions  of  each  coll.  After 
prolonged  activity^  as  in  Fig.  107,  C,  the  cells  are  still  smaller,  with  their 

PlO.  107. 


ClLUiaB  IV  TH«  PaBOTID  UURIKU  B&TirTlON,     (Lawolev.) 

;  which  la  Mtnewliot  dU^runmBUc,  retiresenls  the  mieroicniitc  vh&uces  which  may  be 

ka  Uw  fMnp  Ktan4.    A.  Duiiiiff  rcftL    The  ol>scure  outlines  nf  the  cclU  are  liuroduoed  to 

MAtlrodsenr  thfCtillit;  tbuy  could  not  be  re*di)y  smii  in  the  Hfiecimcn  ItBelf.    B.  Aft«r 

attmuUtlon.    C.  JUlvr  prolonged  «UniiiUtlnr).    Thu  nuclei  are  dUgnmmaUe.  and  totfo- 

tbclr  appeanuice  Mid  ptMliloii. 


ootliiMB  still  more  distinct,  and  the  granules  have  disappeared  almost 
catirelf.  a  few  only  being  left  at  the  extreme  inner  margin  of  each  cell, 
abiittiDg  upon  the  conspicuous,  almost  gaping  lumen  of  the  alveolus.  And 
apon  special  examination  it  is  found  that  the  nuclei  are  laree  and  round. 
In  turt,  we  might  almost  take  the  parotid,  as  thus  studied,  to  be  more  truly 
typical  of  secretory  changes  than  even  the  pancreas.  For  the  demarcation 
(if  an  inner  and  outer  loac  is  not  a  necessary  feature  of  a  secreting  cell  at 
rT«t,     What  is  essential  is  that  the  cell-substance  manufactures  material. 
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which  for  a  while,  that  is  during  rest,  is  dei>osited  in  the  c^ll.  generally  in 
the  form  of  granules  but  n(tt  neit?8«arily  »>,  *ind  that  during  activity  this 
material  is  used  u|>,  the  disappearance  of  the  granules,  when  these  are 
visihlL\  being  nalumlly  earliest  and  must  luarked  at  the  outer  portions  of 
€ach  cell,  and  progressing  inward  toward  the  lumen,  the  whole  cell  becoming 
smaller  and  as  it  were  shrunken. 

In  the  eells  of  the  parotid  gland  and  other  albuminous  cells  the  granules 
seen  in  the  living  or  fresh  cell  differ  from  the  granules  seen  in  the  pancreatic 
cell,  inasmuch  as  they  are  easily  dissolved  or  broken  up  by  the  action  of 
alcohol,  chromic  acid,  and  the  other  usual  hardening  reagents,  and  hence  in 
hardened  specimens  have  disappeared.  In  conseijuence,  in  sections  of  har- 
dened and  prepared  albuminous  glands  the  diflcrencc  between  resting  or 
loaded  and  active  or  discharged  celU  may  ap]>ear  not  very  conspicuous ; 
and  ihlti  is  especially  the  case  in  the  parotid  gland  of  the  rabbit  when  the 
activity  has  been  called  into  play  by  stinxnlation  of  the  auriculo  temporal 
nerve.     When,  however,  either  in  the  rabbit  or  the  dog  the  cervical  sym- 

f>athetic  is  stimulatcil,  thiHigh  the  sttmulatton  gives  rise  in  the  rabbit  to 
ittle  secretion  of  saliva,  and  in  the  dog  to  none  at  all,  a  marked  etTect  on 
the  gland  it:^  produced,  and  changes  in  the  same  direction  as  those  already 
described  may  be  observed.  During  rest  the  cells  of  the  parotid  as  seen  in 
sections  of  the  gland  hardened  in  alcohol  (Fig.  108,  -4)  are  pale,  transpa- 
rent, staining  with  difficulty,  and  the  nuclei  possess  irregtihir  outlines  as  if 
shrunken  by  the  reagents  employed.  After  stimulation  of  the  sympathetic 
the  protoplasm  of  the  cells  becomes  turbid  (Fig.  108,  B)^  and  stains  much 


Flo.  IQS. 


BEcrioNa  or  tiie  Pauotiii  of  thk  Sabbit.    (After  Hsidekhjuk.) 
A.  Al  re»l.    B.  After  sLiinulAtlon  of  the  eenricfcl  sympaUietlo.    BdUmecUoriA  &tc  f rom 

more  readily,  while  the  nuclei  are  no  longer  irregular  in  outline,  but  roand 
and  large,  with  conspicuous  nucleoli,  the  whole  cell  at  the  same  time,  at 
least  after  prolonged  sliniulatiiui,  becoming  distinctly  smaller. 

§  235.  In  a  mucous  gland  the  changes  which  take  place  are  of  a  like 
kind,  though  apparently  somewhat  more  complicated,  owing  probably  to 
the  peculiar  characters  of  the  mucin  which  is  so  conspicuous  a  constituent 
of  the  secretion. 

If  a  piece  of  resting,  loaded  submaxillary  gland  be  teased  out  wliile  fresh 
and  warm  from  the  body  in  normal  saline  solution,  the  cell-substance  of  the 
mucous  cells  (Fig.  109,  a")  is  seen  to  be  crowded  with  granules  or  spherules, 
which  may  fairly  be  compared  with  the  granules  of  the  pancreas,  though 
perhaj)s  less  dense  and  solid  than  these. 

If  a  piece  of  a  gland  which  has  been  secreting  for  some  time,  and  is 
therefore  a  discharged  gland,  l)e  examined  in  the  same  way  (Fig.  109,  b). 
the  granules  are  far  less  numerous  and  largely  con(ine<l  to  the  part  of  the 
cell  nearer  the  lumen,  the  outer  part  of  the  cell  around  the  nucleus  consisting 
of   ordinary   *'  protoplasmic "   cell-substance.      The    distinction,   however. 
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between  an  iouer  "  granular  zone  "  next  to  the  lumen  and  an  outer  **  clear 
KMfee*'  uext  to  the  basement  membrane  ie  less  clbtiuet  than  m  the  pancreas, 
partly  becauee  the  granules  do  not  dUap- 
pear  In  to  regular  a  manner  as  in  the 
pancreas,  and  partly  because  the  outer 
looe  of  the  mucous  cell,  as  it  forms, 
b  )/em  bomogeQeuus  than  that  of  the  pan- 
eraMic  cell. 

The  "  granules  "  or  "  spheniles  "  of  the 
maooaa  cell  are  moreover  of  a  peculiar 
nature.  If  the  fresh  cell,  showing  grau- 
ttieB  (either  many  as  in  the  ca»e  of  a 
lottded  or  few  as  in  the  case  of  a  dis- 
charge^l  cell),  be  irrigate<l  with  water  or 
with  dilute  acids  or  dilute  alkalies,  the 
gmnuiet  «well  up  (Fig.  109,  a',  b')  into 
n  Umnspareut  mans,  giving  the  reactions  of 
asein,  traversed  by  a  network  of  '*  pro 
iDplasroic*'  cell-subetance.  In  this  way 
is  produced  an  appearance  very  similar  to 
that  shown  in  sections  of  mucous  glands 
iMrdened  and  stained    in   the  ordinary 


A«  we  have  alreadv  said  (|i216),  in 
the  loaded  mucous  cell  in  such  hardened 
and  stained  preparations  (Fig.  110,  a) 
there  is  seen  a  small  quantity  of  proto- 
plasmic cell-8ul>stanceg;ithored  round  the 
oiwieas  at  the  outer  part  of  the  cell  next 
to  the  basement  membrane ;  the  rest  of 

the  oeJI  consists  of  a  network  of  eell-8ul>stance,  the  interstices  being  filled 
with  transparent  material,  which,  unlike  the  network  itself  and  the  mass  of 


Uirnoir^  CKI.LS  mi)ii  k  rn^u  Svdiiaxu/- 
LAKY  Gland  or  Doo.  (LANGi-KV.f 
a  And  b  IsnlBiiNl  In  2  per  n.'nt.  Mit  lolu- 
Uon  :  K,  trom  loAdcd  gUnd  ;  b.  frum  «1l»> 
cli*n{eil  );Und  (the  nncl«t  nre  luunlty  mnre 
obecarod  hy  gmnulai  than  is  ben*  rcpre- 
wnted).  Oil  toaatuK  out  a  fresb  fVn^menC 
In  3  to  fi  per  cunt,  nit  iulntton,  the  c«IU 
UHOally  become  broken  up  sn  that  LhoIkUmI 
oelU  Are  mruljr  obtaliit^d  entire :  laolated 
c«lU*re  commoo  If  ihc  inland  be  left  In  (lie 
hcKly  for  a  day  afU-r  .Itmih  :  a',  b'.  trtaied 
wlih  dlluie  a«lfl :  h',  fn)ni  Imidcil ;  b',  rmra 
diacbarvcd  f  laud. 


rto.  UO. 


iki-tmitl  <J9  Doo^i  SifiutAXiiXARY  Oi.xxn  Uarpemro  in  ALOOnoL  A-MD  9TAi?rBl>  vnTB  Cajuuhb. 

(LASmJEV.) 

Tte  Mtwvrk  ta  lUaffimmmMic.    »,  fiom  a  \mAw\  gland,    b.  rhnii  a  dUcbarveil  gland ;  the  cbnnla 
tytniMni  haTlng  ("t^^  •Ktwulated  at  ibort  Inicrral*  during  flro  houn. 


oeD-«ahetance  round  the  nucleuH,  does  not  8tain  with  carmine  or  with  certain 
ocber  dyee.     The  di«chargud  cell  in  similar  preparations  (Fig.  110,  bj  dillera 
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from  the  loudud  cell  iu  the  amount  of  trauaimreut  non  stainiag  material 
being  much  less  and  ohiefly  confined  to  the  inner  part  of  the  cell,  while  the 
protoplaatiiic  cell-aubgtauce  aroitud  the  now  large  and  well-formed  uucleus  is 
not  only,  holh  relatively  and  nhsolutely,  greater  in  amount,  but  stains  still 
more  deeply  than  in  the  loaded  cell. 

It  would  appear,  therefore,  that  iu  the  mucous  cell,  as  in  the  pancreatic 
cell,  the  cell  substance  forms  and  dcposiits  in  itself  certain  material  in  the 
form  of  granulei^.  During  secretion  iliese  granules  disappear  and  presum- 
ably form  f)art  of  the  secretion.  But  the  granules  of  a  miicoiis  cell  differ 
from  those  of  the  jjancreatic  ce!l»  inHsmuch  as  they  are  apt,  under  the  in- 
fluence of  reageutfij  to  lie  transformed,  while  still  within  the  cell,  intij  the 
transparent  viscid  materia!  which  we  call  mucin;  hence  the  appearances 
presented  by  sections  of  hardened  glands.  It  seems  natural  in  infer  that 
the  granules  consiBt  not  of  mucin  it&ell',  but  of  a  forerunner  of  mucin,  of 
some  substance  which  can  give  rise  to  mucin,  and  which  we  might  trail 
mucigen.  And  we  might  further  infer  that  during  the  act  of  secretiim  the 
granules  of  mucigen  are  transformed  into  masses  of  mucin  and  so  discharged 
from  the  cell.  Under  this  view  the  api>earauces  presented  by  the  hardened 
glands,  as  distinguished  from  the  living  glnnds,  might  be  interpreted  as  in- 
dicating that  under  the  influence  of  the  reagents  employed,  the  mucigen  of 
the  loadeil  cells  had  undergone  the  transformation  int<i  mucin  without  being 
discharged  from  the  cells.  Up  to  the  present,  however,  it  has  not  beenfouna 
poeaible  to  isolate  from  the  gland  any  definite  body  capable  of  beiug  con- 
verted into  nmcin^  and  thtrc  arc  some  rcusuUB  fur  thinking  that  noi  only 
the  granules,  but  part  also  of  the  substauL-e  between  them,  contributes  to 
the  formation  of  mucin.  Aj»art  from  this  ct)n]plic"alion,  liowever,  the  gen- 
eral course  of  events  in  the  mucous  cell  seems  to  be  the  same  as  in  the  pan- 
creatic cell ;  the  cell-substance  manufactures  and  loads  itself  with  a  sjtecial 
product  (or  special  products);  during  the  act  of  ji;ecretion  this  product, 
undergoing  at  the  lime  a  certain  amount  of  change,  is  discharged  irom  the 
cell  to  form  part  of  the  secretion,  and  the  cell-substance,  stirred  up  to  in- 
creased growth,  subsequently  ni u nu fact u res  a  new  supply  of  the  product. 

§236.  The  "central"  or  "chief"  cells  uf  the  gastric  gland  also  exhibit 
flimilar  changes.  In  such  an  animal  as  the  uewt  these  celle  may,  though 
with  difficulty,  be  examined  in  the  liviug  state.  They  are  then  found  to  be 
studded  with  granules  when  the  stomach  is  at  rest.  During  digestion  these 
granules  l>ecome  much  less  numerous  and  are  chiefly  gathered  near  the 
lumen,  leaving  in  each  cell  a  clear  outer  zone.  And  in  many  mammals  the 
same  abundance  of  granules  in  the  loaded  cell,  the  same  paucity  of  granules 
for  the  most  part  restricted  to  an  inner  zone  in  the  discharged  cell,  may  be 
demonstrated  by  the  use  of  osmie  acid  (Fig.  Ill ». 

When  the  stomach  is  hardened  by  alcohol  these  changes,  like  the  similar 
changes  in  an  albuminous  cell,  are  obscureil  by  the  shrinking  of  the 
"  granules,"  or  by  their  swelling  up  and  becoming  diffused  through  the  rest 
of  the  cell  substance  ;  so  that,  though  in  sections  so  prepared  very  striking 
diflerences  are  seen  between  iojided  and  diachargBd  cells,  these  are  unlike 
those  seen  in  living  glands.  In  specimens  taken  from  an  animal  which  has 
not  been  fed  for  some  time,  the  central  cells  of  the  gastric  glands  are  pale, 
finely  granular,  and  do  not  stain  readily  with  carmine  and  other  dyes. 
During  the  early  stages  of  gastric  digestion,  the  same  cells  are  found  some- 
what  swollen,  but  turbid  and  more  coarsely  granular  ;  they  stain  much  more 
readily.  At  a  later  stage  they  become  smaller  and  shrunken,  but  are  even 
more  turbid  and  granular  than  before,  and  stain  slill  more  deeply.  This  is 
true  not  only  of  the  central  cells  in  the  cardiac  ghinds,  but  also  of  the  cells 
of  which  the  pyloric  glands  are  built  up.     In  a  loaded  cell  very  little  staining 
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place,  because  the  amount  of  living  staining  cell-Bubstance  is  small 
ively  to  the  amount  of  material  with  which  it  in  loaded  aud  which 
Dot  stain  readily.  In  the  cell  which  after 
ffreat  activity  ha«  discharged  itself,  the  cell 
la  •mailer,  but  what  remains  is  largely  living 
cell-aubitance,  some  of  tt  new%  and  all  stain- 
ing readily.  It  would  appear  also^  that  dur- 
ing the  activity  of  the  cell  some  siil>dtancea, 
cafiable  of  being  precipitated  by  alcohol,  make 
their  appearance,  and  the  presence  of  this  ma- 
terial aads  to  the  turbid  and  granular  aspect 
uf  the  cell;  possibly,  also,  this  material  coa- 
tributee  tii  tlic  staining.  A  similar  material 
•eems  to  make  its  appearance  in  the  cells  of 
albumiuoua  glands. 

In  the  ovoid  or  border  cells  no  very  charac- 
teristic changes  make  their  appearance.  During 
digestion  they  become  larger,  more  swollen,  as 
it  were,  and  in  consequence  bulge  out  the  base- 
ment membrane,  but  no  characteristic  disap- 
pcsirmnce  of  granules  can  be  observed.  In  the 
liviDg  state,  the  cell-substance  of  the«e  tivoid 
oellfl  appears  finely  granular,  but  in  hurdeued 
and  prepared  sections  has  a  coan^ly  granular, 
**  reticulate  "  look,  which  is  perhaps  less  nmrked 
in  the  swollen  active  cells  than  in  the  resting 
oelb. 

§  837.  All  these  various  secreting  cells,  then 
— pancreatic  cell,  mucous  cell,  albuminDUS  cell, 
and  central  gastric  cell — exhibit  the  same  series 
of  events,  modified  to  a  certain  extent  in  the 
wreml  cases.  In  each  case  the  *'  protoplasmic"' 
cell-aubstance  manufactures  and  lodges  in  itself 
natfirial  destined  to  form  part  of  the  juice 
■BCRtod.    In  the  fresh  cell  this  material  may 

rsrally  be  recognized  under  the  microscope 
ita  optical  characters  as  granules;  these, 
fccwever,  are  apt  to  become  altere<1  by  reagents. 
But  we  must  guard  our^Ives  against  the  as- 
sumption that  the  material  which  can  thus  be 
recognized  is  the  only  material  thus  stored  up ; 
we  may,  in  future,  by  chemical  or  other  meaus,  be  able  to  differentiate  other 
parts  of  the  cell-body  as  l>eing  also  material  similarly  stored  up. 

During  activity,  white  the  gland  is  secreting,  this  iiiaterial,  either  unchanged 
or  after  undergoing  change,  is  whi)!ly  or  partially  discharged  from  the  cell. 
The  cell,  in  consetiuence  of  having  thus  got  rid  of  more  or  less  of  its  load, 
eonaisU  to  a  larger  extent  uf  actual  living  cell-Bubstanoe,  this  being  in  manv 
OMca  increased  by  rapid  new-growth,  though  the  bulk  of  the  discharged  cell 
ttar  be  leas  than  that  of  the  loaded  cell. 

This  activity  of  growth  continues  after  the  act  of  secretion,  but  the  du- 
charged  cell  soon  begins  again  the  task  of  loading  itself  with  new  secretion 
material  for  the  neat  act  of  secretion. 

Thus  in  most  cases  there  is,  corresponding  to  the  intermittence  of  secretion, 
an  alternation  of  discharge  and  loading ;  but  it  must  be  borne  in  mind  that 
auch  an  alternation  is  not  absolutely  necessary,  even  in  the  case  of  iutermit- 
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tent  secretion.  We  can  easily  imagine  that  the  discharge,  s&y  of  ^'granules** 
during  secretioD,  should  stir  up  the  cell  to  an  iucreai^  activity  in  forming 
granules,  and  that  the  formative  activity  should  cease  when  tlie  secretory 
activity  ceased.  In  such  a  case  the  number  of  new  granules  formed  might 
always  be  e(|ual  to  the  number  of  old  granules  useil  up,  and  the  active  cell, 
in  spite  of  its  discharge,  would  possess  as  many  granules — that  is  to  say, 
as  large  a  load-^as  the  cell  at  rest.  And  in  the  central  gastric  cells  of  some 
animals  it  would  apjMiar  thnt  f»uch  a  continued  balancing  of  load  and  dis- 
charge does  actually  take  place,  so  that  no  distinction  in  granules  can  be 
observed  between  resting  and  active  cells. 

S238.  We  spoke  just  now  of  the  material  stored  up  in  the  cell  and 
destined  to  form  part  of  the  secretion  as  undergoing  change  before  it  was 
discharged.  In  the  nuicoiia  cell  we  have  seen  that  the  material  deposited  in 
the  living  cell  baa  at  first  the  form  of  granules.  These  granules,  however, 
arc  easily  couverte<l  into  a  Iraosparent  material  [odged  in  the  spaces  of  the 
cell-substance,  which  material,  even  if  not  exactly  identical  with,  at  least 
closely  resembles,  the  mucin  found  in  the  secretion;  and  apparently  in  the 
act  or  secretion  the  granules  do  unilergo  some  such  change.  In  the  case 
of  some  other  glands,  moreover,  we  have  chemical  as  well  as  optical 
evidence  that  the  material  stored  up  in  the  cells  is,  in  part  at  ie^ast,  not 
the  actual  substance  appearing  in  the  secretion,  but  an  antecedent  of  that 
substance. 

An  important  constituent  of  pancreatic  juice  is,  as  we  shall  see  later  on, 
a  bo<iy  called  irypfin,  a  ferment  very  simitar  to  pepsin,  acting  on  proteid 
bodies  and  couvertiug  them  into  |>eptoue  and  other  substances.  Though  in 
many  respects  alike,  pepsin  and  trypsin  are  quite  distinct  bodies,  and  differ 
markedly  in  this,  that  while  an  acid  medium  is  necessary  for  the  action  of 
pef)ein,an  alkaline  medium  is  necessary  for  the  action  of  trypsin  ;  and  accord- 
ingly the  pancreatic  juice  is  alkaline  in  contrast  to  the  acidity  of  gastric 
Juiee.  Trypsin  can,  like  pejisin  (§20-5),  be  extracted  with  glycerin  from 
substances  in  which  it  occurs  ;  glycerin  extracts  of  trypsin,  however,  need  for 
the  manifestation  of  their  powers  the  presence  of  a  weak  alkali,  such  as  a  1 
per  cent,  solution  of  sodium  cjirbonate. 

Now,  trypsin  is  present  in  abundance  in  normal  pancreatic  juice;  but  a 
loaded  pancreas,  one  which  is  ripe  for  secretion,  and  which  if  excited  to 
secrete  would  immediately  pour  out  a  juice  rich  in  trypsin,  contains  no 
trypsin  or  a  mere  trace  of  it ;  miy,  even  a  pancreas  which  is  engaged  in  the 
act  of  secreting  contains  in  its  actual  cells  an  insignificant  quantity  only  of 
trypsin,  as  is  shown  by  the  following  experiment : 

If  the  pancreas  of  an  animal,  even  of  one  in  full  digestion,  be  treated, 
while  still  warm  from  the  hmlxf^  with  glycerin,  the  glyoerin  extract,  as  judged 
of  by  its  action  on  fibrin  in  the  preaence  of  sodium  carbonate,  is  inert  or 
nearly  so  as  regards  proteid  bodies.  If,  however,  the  same  pancre*is  be  kept 
for  twenty-four  hours  before  being  treated  with  glycerin,  the  glycerin  extract 
readily  digests  fibrin  and  other  proteids  in  the  preaenoe  of  an  alkali.  If  the 
pancreas,  while  slil!  warm,  be  rubbed  up  in  a  mortar  for  a  few  minutes  with 
dilute  acetic  acid,  and  tlu-n  treated  with  glycerin,  the  glycerin  extract  is 
strongly  proteolytic.  If  the  glycerin  extract  obtained  witliout  acid  from  the 
warm  |»ancreas,  and  therefore  inert,  be  diluted  largely  with  water  and  kept 
at  35°  C  for  8*>mi3  time,  it  becomes  active.  If  treatetl  with  acidulated  instead 
of  distilled  water,  its  activity  is  much  sooner  developed.  If  the  inert  glycerin 
extract  of  warm  pancreas  be  precipitated  with  alcdnd  in  excess,  the  precipi- 
tate, inert  as  a  prf>teolytic  ferment  when  fresh,  becomes  active  when  exposed 
for  some  time  in  an  aqueoussolutiou,  rapidly  so  when  treated  with  acidulated 
water.     These  facts  show  that  a  pancreas  taken  fresh  from  the  body,  even 
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ilurtng  full  digeslinn,  rontaiuJi  but  HtUe  rearf if -vinrie  ferment ,  though  there  is 
present  io  it  a  body  which,  by  some  kin<l  of  clec^iiuponition,  (fives  birth  to  the 
j0itiuni.  We  may  remark  incidentally,  that  though  the  presence  nf  an  alkali 
iscaaeatial  to  the  proteolytic  action  of  the  actual  ferment,  the  formation  of 
the  ferment  out  of  it*  forerunner  is  favored  by  the  presence  of  a  BniuU  quan- 
tilT  of  acid  ;  the  acid  must  be  used  with  care,  since  the  trypsin,  once  formed, 
is  destroyed  by  acids.  To  this  body,  this  mother  of  the  ferment,  which  has 
oaC  at  present  l)een  satisfactorily  isolated,  but  which  appears  to  be  a  complex 
body,  splitting  up  iuto  the  ferment,  which,  as  we  have  seen,  Is  at  all  events 
oot  certainly  a  proteid  body,  and  into  an  undeniably  protcid  body,  the  name 
of  9}fmog*'n  has  been  applied.  But  it  is  bettor  to  reserve  the  term  zyraopjen 
afl  a  generic  name  for  all  such  bodies  as,  not  being  themselves  actual  fer- 
menu,  may  b?  internal  changes  give  rise  to  ferments,  for  all  '*  mothers  of 
ferment"  in  fact;  and  to  give  to  the  particular  mother  of  the  pancreatic 
proteolytic  ferment  the  name  trypAinrnjeu. 

Evidence  of  a  similar  kind  shows  that  the  gastric  glands,  both  the  cardiac 
and  the  pyloric  glands,  while  they  contain  comparatively  little  actual  pep*4in, 
contain  a  considerable  quantity  of  a  zymogen  of  peftsin.  or  pepniuotjen ;  and 
there  can  be  little  doubt  but  that  this  [>epeinogeu  is  lodged  in  the  central 
cells  of  the  cardiac  glands  and  in  the  somewhat  similar  cells  which  line  the 
whole  of  the  pyloric  glands. 

It  is  further  interesting  to  observe  that,  an  a  general  rule,  the  amount  of 
trrpsinogen  in  a  pancreas  at  any  given  time  rises  and  sinks  pari  pnntnt  with 
tlie  granular  inner  zone*  i.  e.,  with  the  amount  of  granules  in  the  cell.  The 
wider  the  inner  zone  and  the  more  abundant  the  granules  the  larger  the 
amount,  the  narrower  the  zone  and  the  fewer  the  granules  the  smaller  the 
amount,  of  trypHinogen ;  and  in  the  cases  of  oldcAtahlishod  fistu  lie,  where 
the  ftecrelion  is  wholly  inert  on  proteid.-*,  the  inner  gninular  zone  is  ab^nt 
from  the  cells.  And  the  same  parallelisni  has  been  observed  l>etween  the 
abundance  of  granules  in  the  central  cell.s  and  the  quantity  of  pepsinogen 
present  in  the  gastric  glands. 

The  parallelism,  however,  at  all  events  in  the  case  of  the  pancreas, 
appears  not  to  be  absolute,  for  it  is  stated  that  iu  the  pancreas  of  tiogs  after 
loDff  starvation  there  is  little  or  no  tryi^sinogen  iu  the  glan^l  and  yet  the 
oelliB  exhibit  a  marked  inner  zone  of  granules.  Moreover,  we  should  not,  in 
aav  ca^e,  be  justified  in  concluding  that  the  granules  of  the  pancreatic  cell 
are  wholly  composed  of  trvpsinogen  ;  for,  as  we  shall  presently  see,  the  pan- 
creatic juice  contains  besides  trypsin  not  only  other  important  ferments  but 
al»o  certain  proteid  constituents;  antl  the  granules,  which  are  of  a  proteid 
nature,  probably  supply  the«e  proteids  of  the  juice.  Hence  the  parallelism 
between  granules  and  tryir^inogen  is  at  best  an  incomplete  one.  But  even 
■ucb  an  incomplete  parallelism  is  of  value.  The  granules,  whatever  their 
B«Cure,  are  products  of  the  metabolism  of  the  cell.  lo<lge<i  for  a  while  in  the 
eell-ouhstanoe  but  eventually  discharged;  and  certain  of  the  constituenta 
of  the  several  secretions,  such  as  mucin,  tryi)sin,  pepsin  and  the  like  appear 
to  be  in  a  similar  way  products  of  the  metabolism  of  the  cell,  lodged  for  a 
while  in  the  celt-substance,  not  in  all  cases  exactly  in  the  condition  in  which 
th«y  will  be  discharged  from  the  cell,  but  in  an  antece<lent  phase  such  aa 
i^miogen  or  the  like,  and  in  all  cases  ultimately  ejected  from  the  cell,  to 
•Qpplv  part  and  generally  the  important  part  of  the  secretion. 

§  239.  The  act  of  secretion  itself.  The  above  discuision  prepares  us  at 
ooee  for  the  statement  that  the  old  view  of  secretion,  according  to  whioh  the 
gland  picks  out,  separates,  secretes  (hence  the  name  secretion ),  and  so  Biters 
M  it  were  from  the  common  store  of  the  blood  the  several  con^ttiluenta  of  the 
jakse,  it  untenable.     According  to  that  view  the  specitic  activity  of  any  one 
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gland  was  confiued  to  the  task  of  leltiiig  certain  constituents  of  the  blood 
I>asa  from  the  caj>illiirie8  eurrounding  the  alveolus  through  the  cells  to  the 
channels  of  the  iliicts,  while  refusing  a  passage  to  others.  We  now  know 
that  certain  important  cimstituents  uf  each  juice,  the  pe(>8in  of  gastric  juice, 
the  mucin  of  saliva  and  the  like  are  formed  in  the  cell,  and  not  obtainedj 
ready  made  from  the  blood.  A  minute  qiinutitv  *>f  pepeiu  does  exist  it  ifl' 
true  in  llie  blood,  but  there  are  reaaouri  ior  thinking  that  this  has  made  its 
way  back  into  the  blood,  either  being  absorbed  from  the  interior  of  the 
stomach  or,  as  seems  more  probable,  picked  up  directly  from  the  gastric 
glands;  and  bo  with  some  of  the  other  constituents  of  other  juices.  The 
chief  or  specific  constituents  of  each  juice  are  formed  in  the  cell  itaelf. 

But  the  juice  secreted  by  any  gland  consists  not  only  of  the  specific  sub- 
stances such  as  mucin,  pepsin,  or  other  ferment,  or  other  bodies,  found  in  it 
alone,  but  also  of  a  large  quantity  of  water,  and  of  various  other  substances, 
chiefly  salines,  common  to  it,  to  other  juices  and  to  the  blood.  And  the 
question  arises,  la  the  walt-r,  are  the  salts  and  other  common  substances  fur- 
nished by  the  same  act  as  that  which  auj)plie»  the  specific  constituents? 

Certain  facts  suggci^t  that  they  are  not.  For  instance,  as  mentioned  somei 
time  ago,  in  the  submaxillary  gland  of  the  dog,  stimulation  of  the  chordi 
tympau!  proHuces  a  copious  flow  of  saliva,  which  is  usually  thin  and  limpid,.' 
while  stimulation  of  the  cervical  sympathetic  produces  a  scanty  flow  of  thick 
viscid  saliva.  That  is  to  say,  stimulation  of  tho  chorda  has  a  marked  eflect 
in  promoting  the  discharge  af  water,  while  stimulation  of  the  sympathetic 
has  a  marked  effect  in  promoting  the  discharge  of  mucin.  To  tnia  we  may 
add  the  case  of  the  parotid  of  the  dog.  lu  this  gland  stimulation  of  a 
cerebro-spinal  nerve,  the  auriculo- temporal,  produces  a  copious  flow  of  limpid 
saliva,  while  stituulatiou  of  the  gympalhetic  produces  itself  little  or  do  secre- 
tion at  all;  but  when  the  sympalhetic  and  the  cerebro-gpinal  nerves  are 
stimulated  at  the  &ame  time,  the  saliva  which  flows  is  much  richer  in  solid 
and  especially  in  organic  matter  than  when  thecerebro'^pinal  nerve  ia  stimu- 
lated alone.  And  we  have  already  seen  that  in  this  gland  the  micrf)ecopic 
ohangee  following  upon  8ym])athetic  stimuhitinn  are  more  conspicuous  than 
those  which  follow  apou  cerebro-Hpiual  stimulation. 

These  and  other  facts  have  led  to  the  conception  that  the  act  of  eecretioD 
consists  of  two  parts,  which  in  one  case  may  ctnncide,  in  another  may  take 
place  apart  or  in  diflerent  proportions.  On  the  one  hand,  there  is  the  dis- 
charge of  water  carrying  with  it  common  soluble  substances,  chiefly  salines, 
derived  from  the  blood  ;  on  the  (»ther  hand,  a  metabolic  activity  of  the  cell- 
subetauce  gives  rise  to  the  specific  constituents  of  the  juice.  To  put  the 
matter  broadly,  the  latter  process  produces  the  specific  constituents,  the 
former  washes  these  and  other  matters  into  the  duct.  It  has  been  further 
supposed  that  two  kinds  of  nerve  fibres  exist;  one  governing  the  former 
process  and,  in  the  case  of  the  submaxillary  gland  for  instance,  prepon- 
derating, though  not  to  the  total  exclusion  of  the  other  kind,  in  the  chorda 
tympani;  the  other  governing  the  latter  process  and  prepundoniting  in  the 
branches  of  the  cervical  symjmthetic.  These  have  been  called  respectively 
*' secretory  "  and  "trophic"  fibres;  but  the.«e  terms  are  not  desirable.  It 
may  be  here  remarked  that  even  the  former  process  is  a  distinct  activity  of 
the  glajid,  and  not  a  mere  infiltration.  For.  as  we  have  seen  in  the  ciise  of 
the  salivary  glands,  when  atropine  is  given,  not  only  do  the  specific  constitu- 
ents cease  to  ne  ejected  as  a  consequence  of  stimulation  of  the  chorda,  but 
the  discharge  of  water,  in  spite  of  the  bloodvessels  becoming  dilated,  is  also 
arrested  :  no  saliva  at  all  leaves  the  gland.    And  what  is  true  of  the  salivary 

f lands  as  regards  the  dependence  of  the  flow  of  water  on  something  else 
esides  the  mere  pressure  of  the  blood  in  the  bloodvessels  apjiears  to  hold 
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other  glandd  also.     Indeed,  it  has  been  sucfgested  that  the  very 

of  water  is  due  to  an  activity  of  the  cell ;  the  hyiKHhesie  has  been 

pat  fbrwanJ  that  changes  in  the  cell  pive  rise  to  the  formation  in  the  cell  of 

«ob«tAOC«s  which  absorb  water  from  the  blood  or  lymph  on   the  one  side 

and  give  it  up  on  the  other  aide  into   the  lumen  of  the  ulveolutt.     8uch  an 

bypotheaifl  cannot  be  regarde<i  as  proved ;  hut  the  mere  putting  it  forward 

rmtaea  duubta  as  to  the  validity  of  the  dii^tinction  on   which  we  have  been 

dwelling:    and  other  considerations  point  in  the  flame  direction.     For  in- 

fCaooe,  if  the  common  soluble  salts  present  in  a  juice,  as  distingnidhed  from 

the  specific  constituents,  were  merely  carried  itiU)  the  juice  by  the  rush,  so 

to  tpeak,  of  wat«r,  we  should  expect  to  6nd  the  percentage  of  these  salts 

estlier  remaining  the  same  or  perhups  decreasing  when  the  juice  was  secreted 

more  rapidly  an<l  in  fuller  volume.     But  under  the^o  circumstances  the  per- 

oeotage  very  frequently  increases;  and  in  general  we  Hnd  that  under  various 

I        cirBumBtaDces    the   proportion   of  salt^  secreted   to   the  quantity   of  water 

tecreted  may  vary  considerably.     Obviously,  while  something   determines 

.        the  quantity  of  water  passing  into  the  alveolus,  something  else  determines 

^H  how  much  of  common  soluble  salts  that  water  contains,  and  still  something 

^Hel^e  determines  to  what  extent  that  water  is  also  laden  with  specific  constitu- 

^Hfota  and  other  organic  bodies.     The  whole  action  is  too  complicated  to  be 

^■deacribe*!  as  consisting  merely  of  the  two  processes  mentioned  above,  but  the 

^Btime  has  not  yet  come  for  clear  and  delitiite  atatementa.     Everything,  how- 

^B  ever,  tends  to  show  that  the  cell  is  the  prime  agent  in  the  whole  business, 

though  we  cannot  at  present  define  the  nature  of  the  several  changes  in  the 

cell,  nor  can  we  say  how  those  changes  are  exactly  related  to  each  other,  to 

^langea   of  the   blood-pressure   in    the    blootl vessels,  or.  we   may  add,  to 

changes  taking  place  in  the  lymph-spaces  which  lie  between  the  blood  and 

the  c«]l. 

AVe  may  perhaps  add  that,  since  in  certain  cutaneous  secreting  glands  the 
alveolus,  or  what  corresponds  to  the  alve^dus,  is  wrap[>ed  round  with  plain 
muscular  fibres,  the  contraction  of  which  api)ear3  to  force  the  secretion  out- 
ward, the  idea  has  been  suggestetl  that  in  glands,  such  as  we  are  now  con- 
adering,  the  cell-substance  making  use  of  "protoplasmic"  contraction  in- 
■tesd  of  actual  muscular  contraction,  may  force  part  of  the  cell  contents 
into  the  lumen  of  the  alveolus.  Such  a  mode  of  secretion  would  be  com- 
rarable  to  the  ejection  of  undigested  material,  or  "excretion,"  by  an  amoeba. 
But  we  have  no  satisfactory  evidence  in  favor  of  this  view, 

§  240.  Throughout  the  above  we  have  spoken  as  if  the  secretion  were  fur- 
okilMd  exclusively  by  the  ceils  of  the  alveoli  or  secreting  portion  of  the 
dUnd,  as  if  tlie  epithelium  cells  liniug  the  ducts,  or  conducting  portion  of 
thm  gland  contributes]  nothing  to  the  act.  In  the  gastric  glandi^  the  slender 
c^la  lintne  the  mouths  of  the  glands  (which  correspond  to  ducts)  and  cover- 
ing the  ridges  between,  are  mucous  cells  secreting  into  the  stomach  gener- 
ally a  small,  but  under  abn(>rmal  conditions  a  large  amount  of  mucus, 
which  has  liM  uses  but  is  not  an  essential  j>art  of  the  gastric  juice.  In  the 
•alivmry  glands  we  can  hardly  suppose  that  the  lung  stretch  of  character- 
ialie  columnar  epithelium  which  reaches  from  the  alveoli  to  the  mouth  of 
the  ktog  main  duct  serves  simply  to  furnish  a  smooth  lining  to  the  cr)nduct- 
ing  iMflHiges;  but  we  have  as  yet  no  clear  indications  of  what  the  function 
of  tnia epithelium  can  bo. 

§  S41'  Before  we  leave  the  mechanism  of  secretion  there  are  one  or  more 
wcetmotf  points  which  deserve  attention. 

In  treating  just  now  of  the  gastric  glands  we  spoke  as  if  pepsin  were  the 

only  important  constituent  of  gastric  juice,  whereas,  as  we  have  previously 

,  the  acid  is  equally  ea^ntial.     The  formation  of  the  free  acid  of  the 
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gastnc  juice  is  very  obscure,  ami  many  ingenious  but  uDsatisfactor}'  views 
nave  been  jmi  forward  to  explain  ii.  Ir.  seeni!^  niiturnl  to  su|)|io8e  thai  it 
arises  in  some  way  from  the  deeoni|io&ition  of  »i>dinm  chloride  drawn  from 
the  blcxwl ;  and  this  is  supported  by  the  fad  that  when  the  secretion  of  gns- 
iHc  iuice  ia  actively  going  on,  the  armnint  of  chlorides  leaving  the  bloud 
by  the  kiduey  w  pro|M>rtioD:ately  diminished;  but  nothing  definite  can  at 
present  be  stated  as  Ui  the  mechanism  of  that  decomposition.  And  even 
admitting  that  the  sodium  chloride  of  the  body  at  large  is  the  ultimate 
source  of  the  chlorine  element  of  the  acid,  it  appears  more  likely  that  that 
element  shotild  be  set  free  in  the  stomach  by  the  decoiiijiosition  of  some 
highly  complex  and  unstable  chlorine  compound  previously  generated,  than 
that  it  should  arise  by  the  direct  splitting-up  of  so  stable  a  body  as  sodium 
chloride  at  the  very  time  when  the  acid  is  secreted. 

In  the  frog,  while  i^epain  free  from  acid  is  secreted  by  the  glands  in  the 
lower  portion  of  the  a-sophagus,  an  aciil  juice  ia  affordeu  by  glands  in  the 
Btoiuftch  itself,  which  have  accordingly  been  called  oxyntic  (  o^i  1**1,  to  eharjien^ 
acidulate)  glands;  but  these  oxyuiic  glands  appear  also  to  secrete  pepsin. 
In  the  mammal  the  ii*oIated  j)ylorus  secretes  an  alkaline  juice  ;  in  fact,  the 
appearance  of  an  aciil  Juice  ia  limited  to  those  portions  of  the  stomach  in 
which  the  glands  contain  both  "  chief"  or  "central/*  ami  "ovoid'*  or  *'  bor- 
der" cells.  Now,  Irom  what  has  been  previougly  wiid,  there  can  be  no 
doubt  that  the  chief  cells  do  secrete  pepsin.  On  the  other  hand  there  is  no 
evidence  whatever  of  the  formation  of  [>epsin  by  the  "  border"  or  "ovoid" 
cells,  though  this  was  once  supposed  to  be  the  case,  and  these  cells  were 
unfortunately  (ormerly  called  "i)eptic"  cells.  Hence  it  has  been  inferred 
that  the  border  cells  secrete  acid  ;  but  the  argument  is  at  present  one  of 
exclusion  only,  there  being  no  direct  proof  that  these  cells  actually  manu- 
facture the  acid. 

The  rennin  appears  to  be  formed  by  the  same  cells  which  manufacture  the 
pepsin,  that  is,  by  the  chief  cells  of  the  fundus  generally,  and  to  some 
extent  by  the  cells  of  the  pyloric  glands.  We  may  add  that  we  have  evi- 
dence of  the  existence  of  a  zymogen  of  rennin  analogous  to  the  zymogen  of 
pepsin  or  of  tryf)ein. 

The  niueuH  which  ia  present  as  a  thin  layer  over  the  surface  of  the  fasting 
stomach,  and  which^  especially  in  herbivorous  animals,  is  increased  during 
digestion,  comes,  as  we  have  said,  from  the  mucous  cells  which  line  the 
mouths  of  the  several  glands  and  cover  the  intervening  surfaces. 

§  242-  We  previously  called  attention  to  the  fact  that  in  the  case  of  the 
stomach  the  absorption  of  the  products  of  digestion  largely  increased  the 
activity  of  the  secreting  cells.  This  has  led  to  the  idea  that  one  eHect  of 
food  is  to  "charge"  the  gastric  cells  with  pepsinogen,  and  that  certain  articles 
of  food  might  be  considered  as  e8i)eciaHy  peptogenous^  i  e.,  conducive  to  the 
formation  of  pepin.  Such  a  view  ia  tempting,  but  needs  as  yet  to  be  more 
fully  BUpfwrted  by  facts. 

§  243.  Seeing  the  great  solvent  power  of  both  gastric  and  pancreatic  juice 
the  question  is  naturally  suggested,  Why  does  not  the  stomach  digest  itaelf? 
After  death,  the  stomach  is  frequently  found  partly  digested,  viz.,  in  coses 
when  death  has  taken  place  suddenly  on  u  full  stomach.  In  an  ordinary 
death,  the  membrane  cease-**  to  secrete  before  the  circulation  is  at  an  end. 
That  there  ia  no  special  virtue  tu  living  things  which  prevents  their  being 
digested  is  shown  by  the  fact  that  the  leg  of  a  living  frog  or  the  ear  of 
a  living  rabbit  introduced  into  the  stomach  of  a  dog,  through  a  gastric 
fistula,  is  readily  digested.  It  has  been  .suggested  that  the  blood-current 
keeps  up  an  alkalinity  sufficient  to  neutralize  the  acidity  of  the  juice 
in  the  region  of  the  glands  themselves ;  but  this  will  not  explain  why  the 
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icreatic  juice^  which  ia  active  in  on  alkaline  medium,  does  not  (lifi;e8t  the 
leidi  of  the  pancreas  itself,  or  why  the  di»^tive  cells  of  the  bloodless 
Itctinozoon  or  hyiirozoon  do  not  dtgeitt  tbemselveti.  We  might  add,  it  does 
not  explain  why  the  amoeba,  while  dtaaolving  the  protoplasm  of  the  swal- 
lowed diatom,  does  not  dissolve  its  own  protoplasm.  We  cannot  answer  this 
qoeBlion  at  all  at  present,  any  more  than  tbe  similar  one,  why  the  delicate 
proioplasm  of  the  amoeba  resists  during  life  the  entrance  into  itself  by 
osmosid  of  more  water  than  it  requires  to  carry  on  its  work,  while  a  few 
momenta  after  it  is  dead  water  enters  freely  by  wraosis,  and  the  effects  of 
thai  entrance  become  abundantly  evident  by  the  formation  of  bulhe  and  the 
breaking  up  of  the  protoplasm. 

The  Properties  and  CHARACi'ERa  of  BrLE,  Pancreatic  Juice,  and 

SuccuB  Entericuh. 

^  844-  In  the  living  body  the  food,  subjected  to  the  action  first  of  the 
mliva  and  then  of  the  gastric  juice,  undergoee*  in  the  stomach  changes  which 
«e  aha.ll  presently  consider  in  detail,  and  the  fiyod  so  change<l  is  passed  on 
iuto  the  email  intestine,  where  it  is  further  subjected)  to  the  action  of  the  bile 
secreted  by  the  liver,  of  pancreatic  juice  secreted  by  the  pancjeas,  and  poe- 
■iblr  to  Bt)me  extent,  though  this  ia  by  no  means  certain,  of  a  juice  secreted  by 
the  miestioe  itaelf,  and  called  sucetis  eutericwt.  It  will  be  convenient  to  study 
ibe  minute  structure  of  the  liver  in  CAinnection  with  other  functions  of  the 
1i%'er  more  important,  perhaps,  than  that  of  the  secretion  of  bile,  namely, 
the  formation  of  glycogen,  and  other  metabolic  eveuta  occurring  in  the 
bepatic  cells ;  we  have  already  studied  the  structure  of  the  pancreas;  and 
the  atrucliire  of  liie  intestine  will  beat  be  considered  by  itself  We,  there- 
Ibret  tarn  at  once  to  the  projierties  and  characters  of  the  above-named  juicea. 

Rile. 

Though  bile,  afler  secretion  in  the  lobules  of  the  liver,  b  pttned  on  along 
tbe  hepatic  duct,  it  is  in  the  case  of  moet  animals  not  ponred  ftt  onoe  Into 
the  duodenum  but  taken  by  the  cystic  duct  to  the  reservoir  of  the  gnll- 
hfedder.  Here  it  remains,  until  such  time  as  it  ia  needed,  when  a  quantity 
b  pcKimi  along  tbe  commfm  bile  duct  into  the  intestine. 

The  ijuality  of  bile  varies  much,  not  only  in  different  animals,  hut  in  the 
mae  animal  at  different  times.  It  is  moreover  aflected  by  tbe  length  of  the 
•ojourn  in  the  gall-bladder;  bile  taken  direct  from  the  hepatic  duct,  espe- 
cinlly  when  secreted  rapidly,  contains  little  or  no  mucus;  that  taken  from 
the  gall-bladder,  as  of  slaughtered  oxen  or  sheep,  is  loaded  with  mucus. 
The  cnlur  of  the  bile  of  carnivorous  and  omnivorous  animals,  and  of  man, 
M  g«oendly  a  bright  golden  red ;  of  herbivorous  animals,  a  yellowish  green, 
or  a  bright  green,  or  a  dirty  green,  according  to  circumstances,  being  much 
Bodified  by  retention  in  the  gall-bladder.  The  reaction  is  neutral  or  alkaline. 
Tho  foHuwiug  may  be  taken  ah  tbe  average  composition  of  human  bile  taken 
Aon  the  gall- bladder,  and  therefore  containing  much  more  mucus  aa  well  as, 
ittlatjvely  to  the  solids,  more  water  than  bile  from  tbe  hefrntic  duct. 


Water   . 

4?<4ids: 

Bile  8a]tfl     . 
Fmu,  etc 
CfaoleBterin  . 
Macoa  and  Pifcment 
laorgaoic  8alt8 
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The  eutire  absence  of  proteids  is  a  marked  feature  of  bile ;  pancreatic 
juice,  as  we  ahull  aee^  coutains  u  considerable  quantity,  saliva,  as  we  have 
seen,  a  small  quantity,  normal  gtistric  juice  probably  still  less  and  bile  none 
at  all.  Even  the  bile  which  hm  been  reUiined  some  time  in  the  gall-biatlder, 
though  rich  in  raucns,  contains  m^  proteids. 

The  constituents  which  form,  a])art  from  the  mucus,  the  great  bulk  of  the 
m\'u\s  fif  bile,  and  which  deserve  cfiief  attention,  are  the  pigments  and  the 
bile-ealls ;  of  theae  we  shall  .speak  immediately. 

With  re^rd  to  the  iunr^anic  salts  at'lually  present  afl  such  sodium  salts 
are  conspicuous,  sodium  chloride  amounting  to  0.2  or  more  per  cent.,  sodium 
phosphate  to  nearly  as  much,  the  rest  being  earthy  phosphates  and  other 
matters  iu  small  quantity.  The  presence  of  iron,  to  the  extent  of  about 
0.006  per  cent.»  ia  interesting,  9ince,  as  we  shall  see,  there  are  reasons  for 
thinking  that  the  pigment  of  bile,  itself  free  from  iron,  is  derived  from  iron- 
holding  h:em(tglobiii ;  some,  at  least,  of  the  iron  set  free  during  the  conver- 
sion of  haemoglobin  into  bile  pigment,  which  probably  takes  place  in  the 
liver,  finds  its  way  itit^  the  bile.  Bile  al»o  tipptmrs  to  coutatn  u  small  quan- 
tity, at  all  events  occaaionally,  of  other  metals,  such  as  manganese  and  cop- 
per;  metals  introduced  into  the  body  are  apt  to  be  retained  in  the  liver  and 
eventually  leave  it  by  the  bile. 

The  small  quantity  of  fat  present  consists  in  part  of  the  complex  body 
lecithin. 

The  jteouliar  hod jchole»tertn,  which  though  fatty-looking  (hence  the  name 
**  bile  fat")  is  really  an  alcohol  with  the  com|X)8itiou  C„H„0,  is  conspicuous 
by  iLs  quantity  and  constancy.  It  forms  the  greater  part  of  most  gallstones, 
though  some  are  composed  chiefly  of  pigment.  Insoluble  in  water  and  cold 
alcohol,  though  soluble  in  hot  ulcuhol  and  readily  soluble  in  etlter,  chloro- 
form^ etc.,  it  Th  dissolved  by  the  bile-salts  in  aqueous  solution  and  hence  is 
present  in  solution  iu  bile.     Its  physiological  functions  are  obscure. 

The  ash  of  bile  consists  largely  of  HHihi,  derived  partly  from  the  sodium 
■chloride  and  partly  from  the  bile-salts,  of  sulphates  derived  chiefly  if  not 
■wholly  from  the  latter,  and  of  phosphates  partly  ready  formed,  and  in  part 
derived  from  the  lecithin. 

§245-  Pirf7nents  of  bile.  The  natural  golden-red  color  of  normal  human 
or  cAruivomuH  lule  h  due  to  the  prpsence  of  hilirithin.  This,  which  is  also 
the  chief  pigmentary  cnosUtuent  of  gall-stones,  and  occurs  largely  in  the 
urine  of  jaumlice,  may  be  obtained  in  the  form  either  of  an  orange-colored 
amorphous  powder,  or  of  well-formed  rhombic  tablets  and  prisms.  In- 
soluble in  water,  and  but  little  soluble  in  ether  and  alcohol,  it  is  readily 
soluble  in  chloroform  and  in  alkaline  Hiiids.  Its  composition  is  C„H,,N,0,. 
Treated  with  oxidizing  agents,  such  as  nitric  acid  yellow  with  nitrous  acid, 
it  displayw  a  Buccession  of  colors  in  the  ordor  of  the  spectrum.  The  yellowish 
golden-re<l  becomes  green,  this  a  grcenish-bhie,  then  blue,  next  violet,  after- 
ward a  dirty  reil,  and  finally  a  j)ale  yellow.  This  characteristic  reaction  of 
bilirubin  is  the  basis  of  the  so-cailed  Gmelin's  teat  for  bile-pigments.  Kach 
of  these  stuges  represents  a  distinct  pigmentary  substance.  An  alkaline 
solnticm  of  bilirubin,  exposed  in  a  shallow  i-essel  to  the  action  of  the  air, 
turns  green,  becoming  converted  into  biliverdin  (CjulL^NjO^  or  CuIInN^O^, 
Maly),  the  green  pigment  of  herbivorous  bile.  Biliverdin  is  also  found  at 
limes  in  the  urine  of  jaundice,  find  is  probably  the  body  which  gives  to  bile 
which  has  been  exposed  to  the  action  of  gastric  juice,  iw  in  biliary  vomita, 
its  characteristic  green  hue.  It  is*  the  first  stage  of  the  oxidation  of  bilirubin 
in  Gmelin's  test.  Treated  with  oxidizing  agents  biliverdin  runs  through 
the  same  seriee  of  colors  aa  bilirubin,  with  the  exception  of  the  initial 
golden-red. 
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§  846.  The  hile-mlOf.  Theee  coDsiatf  in  man  aud  many  animals,  ofmdium 
yiftmnholaU  and  tauroehotnie,  the  proportion  of  the  two  varying  in  difterent 
■nitntli  Id  man  both  the  total  quantity  of  bile-salts  and  the  pro]>ortion 
of  the  one  bile-salt  to  the  other  seem  to  vary  a  go4)d  deal,  hut  the  gly(MK!holHte 
is  Mud  to  be  always  the  more  abtindaut.  In  ox-gail  sodium  glycocholate  is 
aband&Dt,  and  tauruchulate  scanty.  The  bile-salt^  of  the  dog,  cat,  bear,  aud 
oUmt  camivora  consist  exclusively  of  the  latter. 

Insoluble  in  ether,  but  soluble  in  alcohol  and  in  water,  the  aqueous  sola- 
tiooa  having  a  deoide4l  alkaline  reaction,  lioth  salts  may  be  obtained  by 
CTTStAllixation  in  Bne  iicicular  needles.  They  ate  exceedingly  deliquescent. 
The  solutioiiB  of  both  acids  have  a  dextro-rotary  action  on  polarised  light. 

i^yat'U/w/i.  Bile*  mixed  with  aniuial  oharcoa),  is  evaporated  tu  dryne8.<  and 
•XtftcMd  with  alcohol.  If  not-  oulurlesM,  the  alcoholic  nitrate  uju.st  be  further 
4«oolorizcd  with  animal  charcoal,  and  the  alcohol  distilled  off.  The  dry  residue 
ia  iTiAted  with  nbsolute  alcohol,  and  to  the  alcoholic  filtrate  anhydrous  ether  ia 
added  as  Iodk  as  anv  prcciiHtatc  is  formed.  On  Htjindtng  the  cloudy  precipitate 
baoones  transformed  into  a  L^o's^i^lli"*^  masH  at  the  bitttom  uf  the  ves!H.>l.  If  the 
alrohol  be  nut  absolute,  the  cr>'Htal8  are  very  apt  to  be  (^hanifjed  into  a  thick 
syrupy  fluid.  This  uia.ss  oC  crystals  has  been  of^en  spoken  uf  us  hih'n.  Both  »alts 
m  thus  precipitated,  «>  (hat  in  such  a  bile  as  that  of  the  ox  or  man  bilin  con- 
•iaU  buth  of  Kixliuui  glycocholate  and  sodium  taurocbolate.  The  two  may  be 
vpftfat^i  by  preoi[»itatiiHi  fmm  their  a^]ueous  solutions  with  Hu^iir  of  lead,  which 
tbrows  down  the  tormer  much  more  readily  than  (he  latter.  The  acids  may  be 
Wfrnrmted  ^m  their  respective  salts  by  dilute  sulphuric  acid,  or  by  the  action  of 
Wm  aoeUte  and  Hulphydric  acid. 

On  boiling  with  dilute  acids  (sulphuric,  hydrochloric),  or  caustic  potash 
or  baryta  water,  glvcocholic  acid  is  split  up  into  cholalic  (cholic)  acid  and 
glycin,  Taurochofic  acid  may  similarly  be  ?plit  up  into  cholalic  acid  and 
taurin.     Thus : 

Olyoocbollc  actd.  CboUltoacid.  Gljrin. 

C«H«N0.4-  H,0  =  C«e«0.-l-  CHj.NH/CO.OH). 

TaarochoUc  acid.  CTbol&ltc  acid.  Taurin. 

CB^NSOt  +  H,0  =  C^H«.Os  +  C\H,.NH,.80,H. 

Both  acids  contain  the  same  non-nitrogenous  acid,  cholalic  acid  ;  but  this 
acid  is  in  the  first  case  associated  or  conjugated  with  the  important  nitro- 
geoons  body  glycin,  or  amido-acetic  acid,  which  is  a  com[>ound  formed  from 
ammonia  and  one  of  the  *'  fatty  acid"  series,  viz.,  acetic  ;  and  in  the  second 
CMB  with  taurin,  or  amido-isethiouic  acid,  thai  is  a  compouud  into  which 
rgprCBcnlativeB  of  ammonia,  of  the  ethyl  group,  and  of  sulphuric  acid  enter. 
Tm  deoomposilioD  of  the  bile  acids  into  cholalic  acid  and  taurin  or  glycin 
nmeciively  takes  place  naturally  in  the  intestine,  the  glyciu  and  taurin 
benig  probably  absorbed,  so  that  from  the  two  acids,  after  they  have  served 
tiMir  purpose  in  digestion,  the  two  ammonia  compounds  are  returned  into  the 
blood.  Ktich  of  the  two  acids,  or  cholalic  acid  alone,  when  treated  with 
inlpharic  acid  and  cane-sugar,  gives  a  magnificent  purple  color  (Pettenkofer's 
tot),  with  a  characteristic  spectrum.  A  similar  color  may,  however,  ofleu 
be  produced  by  the  action  of  the  same  bodies  on  albumin,  amyl  alcohol,  and 
•oma  ochar  organic  bodies. 

I  $€7.  AHum  of  bUe  on  food.  In  some  animals  at  least  bile  contains  a 
Aniiant  capable  of  converting  starch  into  sugar;  but  its  action  in  this  respect 
ii  wholly  subordinate. 

On  pn>leida  bi'e  has  no  direct  digestive  action  whatever,  but  being  gen- 
erally at  least,  alkaline,  aud  otleu  strongly  so,  tends  to  neutralize  the  acid 
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contents  of  the  etoiiiacli  bb  they  paps  luto  tlie  duodeuuiu,  and,  bs  we  slmll 
Bee,  SI)  prepares  the  way  for  the  Hciiori  of  the  pancreatic  juice.  To  pepiic 
action  it  is  distinctly  antagonistic;  the  preeence  of  a  sufficient  quantity  of 
bile  renders  giiatrtc  juice  inert  toward  proteids.  Moreciver,  when  bile,  or  u 
solution  of  bile-salts,  is  added  to  a  fluid  containing  the  products  of  gastric 
digestion,  a  precipitate  takes  place,  consietiug  of  para{>eptoDe  (when  present ), 
peptone,  pepnin,  and  bile-palts.  The  ]>recipitate  is  renissnlved  in  an  excess 
of  bile  or  M>lution  of  bile-salts;  but  the  t)epgin,  though  redissolved,  remains 
inert  toward  proteids.  This  precipitation  actually  does  take  place  in  the 
duofieuum,  and  we  shafl  speak  of  it  again  later  oa. 

With  regard  to  the  action  of  bile  ou  fats,  the  following  statements  may 
be  made : 

Bile  has  a  slight  solvent  action  on  fats,  as  $een  in  its  use  by  painters.  It 
has  by  iieclf  a  slight  but  only  slight  emulsifying  power;  a  mixture  of  oil 
and  bile  separate  afler  shaking  rather  legs  rapidly  than  a  mixture  of  oil  and 
water.  With  fatty  acids  bile  fornin  soups.  It  is.  moreover,  a  solvent  of  solid 
soaps,  and  it  would  appear  that  the  emulsion  of  fata  is  under  certain  circum- 
stances at  all  events  facilitated  by  the  presence  of  soaps  in  solution.  Hence 
bile  is  probably  of  much  greater  use  as  an  emulsion  agent  when  mixed  with 
pancreatic  juice  than  when  acting  by  itself  alone.  To  this  point  we  shall 
rettirn.  Lastly,  the  passage  of  fat^  through  membranes  is  assisted  by  wetting 
the  membranes  with  bile  (tr  with  a  solution  of  bile-salts.  Oil  will  pass  to  a 
certain  extent  through  a  filter-paper  kept  wet  with  a  solution  of  bile-salts, 
whereas  it  will  not  pass  or  passes  with  extreme  difficulty  through  one  kept 
constantly  wet  with  distilled  water. 

Bile  possesaea  some  antiseptic  qualities.  Out  of  the  body  its  presence 
hinders  varicujs  putrefactive  prooepsea ;  and  when  it  is  jtrevented  from  flow- 
ing into  the  alimentary  canal,  the  contents  ol'  the  intestine  undergo  changes 
diflerent  from  those  which  take  place  under  norma!  conditions,  and  leading 
to  the  appearance  of  various  products,  especially  of  ill-smelling  gases. 

These  various  actions  of  bile  seem  to  be  dependent  ou  the  bile  salts  and 
not  on  the  pigmentary  or  other  const ilnents. 


Pancreatic  Juice, 


§  248.  Natural  healthy  pancreatic  juice  obtained  by  means  of  a  temporarV 
pancrentic  fistula  diHera  ir(tni  (he  digestive  juices  of  which  we  have  already 
spoken  in  the  comparatively  large  quantity  of  proteids  which  it  contains. 
lt«  composition  varies  according  to  the  rate  of  secretion*  tor,  with  the  more 
rapid  flow,  the  incrpa.se  of  total  solids  does  not  keep  pace  with  that  of  the 
water,  though  the  ash  remains  remarkably  constant. 

By  an  incisioD  through  the  linoa  alba  the  pancreatic  duct  {or  ducts)  can  easily 
be  found  cither  in  the  rabbit  or  to  the  dog,  and  a  canulii  secured  in  it.  There  is 
no  difficnUy  about  a  tcm|«iirnry  fistiilii ;  hut  with  pcmnincnt.  fiaiidie  (he  secretioa 
isftpt  to  become  altered  in  nature,  ami  to  lo8c  umny  of  its  characteristic  proper- 
ties. Some,  however,  have  succeeded  in  uhtaiiiing  perininicnt  fii^tidte  without  any 
impainnenl  of  the  secretion. 

Healthy  pancreatic  juice  ia  a  clear,  somewhat  viscid  fluid,  frothing  when 
shaken.  It  has  a  very  decide<1  alkaline  reaction,  and  contsiips  few  or  no 
structural  ciumtituents. 

The  average  amount  of  solids  in  the  pancreatic  juice  (of  the  dog)  obtained 
from  a  temjwrary  fistula  is  about  8  to  10  per  cent. ;  but  in  even  thoroughly 
active  juice  obtained  from  a  permanent  fistula  is  not  more  than  about  2  to  0 
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and  this  is  probably  the  normal 
quite  fresh  juice  are  albumin,  a 
giving  rise  to  a  sort  of  clotting,  a 


per   cent.,  0.8  being  inorganic  matter ; 

aniniint.     The  imptirtant  constitueui^   of 

peculiar  form  of  proteid  allied  to  uiyodin, 

mudl  amount  of  fats  and  soaps,  and  a  comparatively  large  quantity  uf  sodium 

carbonate,  (o  which  the  alkaline  reaction  of  the  juice  is  due,  and  which  seems 

to  be  peculiarly  ai^ociated  with  the  proteids. 

Since,  as  we  shall  presfudy  see,  pancreatic^  juice  contains  a  ferment  acting 
eoergetically  on  proteid  matten^  In  an  alkaline  medium,  it  rapidly  digeitLs 
iiA  own  proteid  courttituents,  and,  when  kept,  s|)eedily  change**  in  character. 
The  myoain-like  clot  is  dissolved,  and  the  juice  soon  contains  a  peculiar 
furm  of  alkali-albumin  (prccipitable  by  saturation  with  magnesium  sul- 
phate>,  as  well  as  small  quantities  of  leucin,  tyrosin,  and  peptone,  which 
•eem  to  be  the  prf>duct8  of  self-digestion  and  are  entirely  absent  from  the 
perfectly  fresh  juice. 

§  949.  Action  on  food-gfuffs.  On  itarcli  pancreatic  juice  acts  with  great 
eueigy,  rapidly  converting  it  into  sugar  (chietty  maltose).  All  that  has 
been  aaid  in  this  respect  concerning  saliva  n)ight  lie  repeate<l  in  the  case  of 
pancreatic  juice,  except  that  the  activity  of  the  latter  is  far  greater  than  that 
of  the  former.  Pancreatic  juice  and  the  aqueous  infusion  of  the  gland  are 
alvay»  capable  of  converting  starch  into  sugar,  whether  the  animal  from 
which  they  were  taken  be  starving  or  well  fed.  From  the  juice,  or,  by  the 
glycerin  method,  from  the  gland  itself,  an  amylolytic  ferment  may  be 
Approximately  isolated. 

On  proieitU  {mncreatic  juice  also  exercisea  a  solvent  action,  so  far  similar 
to  that  of  gastric  juice  that  by  it  proteids  are  converted  into  peptone.  If  a 
§tm  ehreds  of  tibrin  arc  thrown  into  a  smalt  quantity  of  pancreatic  juice, 
tliey  ipeedily  disappear,  especially  at  a  tempterature  of  35°  C.,  and  the  mix- 
ture ifl  found  to  contain  peptone.  The  activity  of  the  juice  In  thus  converting 
proteids  into  peptone  ia  favored  by  increase  of  temperature  up  to  40°  or 
tiiereaboutf,  and  hindered  by  low  temperatures;  it  is  permanently  destroyed 
bjr  boiling.  The  digestive  powers  of  the  juice  in  fact  de|)eni],  like  those  of 
fMtrir  jnirr.  on  the  presence  of  a  ferment  which,  as  we  have  already  said, 
may  be  tsoIate<l  much  in  the  same  way  as  ))epsiu  is  isolated,  and  to  which 
tbe  name  truyt^in  has  been  given. 

The  ap]>earai)L-e  of  fibrin  undergoing  jmncreatic  digestion  is,  however, 
di0ureut  from  that  undergoing  peptic  digestion.  In  the  former  case  the 
ttrin  does  not  swell  up,  out  remains  us  opaque  as  before,  and  api»ear8  to 
■iflkr  corrosion  rather  than  s^jlutiiui.  But  there  is  a  still  more  imjiortant 
dletinction  between  f>ancreatic  and  peptic  digestion  of  proteid.-?.  Peptic 
di^catioo  is  essentially  an  acid  digestion  ;  we  have  seen  that  the  action  only 
lues  place  in  the  presence  of  an  acid,  and  is  arrested  by  neutralization. 
Pancreatic  digestion,  on  the  other  hand,  may  be  regarded  as  an  alkaline 
digestion  ;  the  action  is  most  energetic  when  some  alkali  is  present,  and  the 
activity  of  an  alkaline  juice  is  hmdered  or  delayed  by  neutralization  and 
arrested  by  acidification  at  least  with  mineral  acids.  The  glycerin  extract 
of  pancrcaa  is  under  all  circumstances  as  inert  in  the  presence  of  free  mineral 
acid  as  that  of  the  stomach  in  the  presence  of  alkalies.  If  the  digestive 
mixture  he  supplieil  with'  sodium  carbonate  to  tbe  extent  of  1  |>er  cent., 
digevlion  prrtceeils  rapidly,  just  a^  does  a  peptic  mixture  when  acidulated 
^  iih  bydrochohiric  acid  to  the  extent  of  0.2  per  cent.  tSodium  carbonate  of 
i  !'•  r  oeut.  seems  in  fact  to  play  in  irj'ptic  digestion  a  part  altogether  com- 
pntmble  to  that  of  hydrochloric  acid  of  0.2  per  cent,  in  gastric  digestion. 
And  just  SB  pepsin  is  rapidly  destroyed  by  being  heated  to  about  40^  with 
a  1  per  cent,  scdutiou  of  sodium  carbonate,  so  tryf»6in  is  rapidly  destroyed 
by  being  similarly  heated  with  dilute  hydrochloric  acid  of  0.2  per  cent. 
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Alkaline  bile,  wbtcL  arrests  peptic  digestion,  seerae,  if  aDytbing,  favorable 
to  tryptic  <Ugestion. 

(orrespondirig  to  this  difference  in  the  helpmate  of  the  ferment,  there  is 
in  the  two  cases  a  difference  in  the  nature  of  the  products.  In  both  ruses 
peptone  is  produced,  and  such  differences  as  can  he  detected  between  pan- 
creatic and  gastric  peptones  are  relatively  small ;  but  iu  pancreatic  digestion 
the  bye-pro(fu(!t  i;*  uot^  as  in  gastric  digestion,  a  kind  of  acid-albumin,  but, 
as  miglit  be  expected,  a  body  having  more  analogy  with  alkali-albumin. 
More<*ver,  before  the  alkali  albumin  is  actually  formed,  the  iibriu  becomes 
altered  and  takes  on  characters  interu^ediate  between  those  of  alkali-albumin 
and  of  ordiuary  albumin;  and  when  fresh  raw,  i.  e.,  unboiled,  fibrin  is  acted 
upon  by  pancreatic  juice,  one  or  more  globulins  appear  as  initial  products. 

Further,  there  are  evidences  that  differences  of  even  a  more  profound 
nature  than  the  above  exist  between  paucreatic  and  gastric  digestion.  One 
of  these  is  the  appearance  in  the  pancreatic  digestion  of  proteids  of  two 
remarkable  nitrogen^ius  crystalline  bodies,  kunu  and  tyronin.  When  tibrin 
(or  other  proteid)  is  submitted  to  the  action  of  pancrejitic  juice,  the  amount 
of  peptone  which  can  be  recovered  from  the  mixture  falls  far  short  of  the 
original  amount  4)f  proteids,  nmcb  more  po  than  in  the  case  of  gastric  juice ; 
and  the  longer  the  digestive  action,  the  greater  is  this  apparent  loss.  If  a 
pancreatic  digestive  mixture  be  freed  from  the  alkalt-ulbnmiu  by  neutraliza- 
tion and  filtration,  tho  filtrate  yields,  when  concentrated  by  evaporation,  a 
crop  of  crystals  of  tyr<isin.  If  these  be  removed  the  peptone  may  be  pre- 
cipitaled  I'roni  the  concentrated  filtrate  by  the  a<ldilii>n  o\  a  large  excess  of 
alcohol  and  separated  by  tiltration.  The  second  filtrate,  ujKm  being  concen- 
trated by  evapttratiou,  yields  abundant  crystals  of  leucin  and  tracea  of 
tyroein.  Thus,  by  the  action  of  the  pancreatic  juice^  a  considerable  amount 
of  the  proteid  which  is  being  digested  is  so  broken  up  as  to  give  rise  to 
products  which  are  no  longer  proteid  in  nature.  From  this  breaking  up  of 
the  proteid  there  arise  leucin,  tyrosin,  and  probably  several  other  bodies,  such 
as  fatty  acids  and  volatile  substances. 

As  is  well  known,  leucin  and  tyrosin  are  the  bodies  which  make  their 
appearance  when  j>r*jU'ids  or  gelatin  are  acted  on  by  dilute  acids,  alkalies,  or 
various  oxidizing  ligents.  Ivcucin  is  a  hmly  which,  in  an  impure  slate,  crys- 
tallizes in  minute  round  lumps  with  an  obscure  radiate  striation,  but  when 
pure  forms  thin  glittering  flat  crystals.  U  has  llie  formula  Cj.H,jNO,  or 
CsH,^NH,  (CO.OU).  and  is  amidocaproic  acid.  Now,  caproic  acid  is  one 
of  the  "  fatty  acid  "  series,  so  that  leucin  may  be  regarded  as  a  compound  of 
ammonia  with  a  iatty  acid.  Tyrot*in,  (\H„N03,  on  the  other  hand,  belongs 
to  the  "aromatic"  series;  it  is  a  phenyl  compound,  and  hence  allied  to  ben- 
zoic acid  and  bipiniric  acid.  80  that  in  pancreatic  digestion  the  large  com- 
plex proteid  molecule  is  split  up  into  fatty  acid  and  aromatic  molecules, 
some  other  bodies  of  less  importance  making  their  appearance  at  the  same 
time.  We  inter  that  the  proteid  molecules  are  in  some  way  built  up  out  of 
*' fatty  acid"  and  "aromatic  "  molecules,  together  with  other  comixineuls, 
and  we  shall  later  on  see  additional  reasons  for  this  view. 

Among  the  supplementarv  prodiicti*  of  jiancri^atic  digestion  may  be  men- 
tioneii  the  bo<ly  Indol  (C^li^N),  to  which  apparently  the  8tn>Dg  and  pecu- 
liarly fec-al  o<lor  which  sometiiacs  makes  its  appearance  during  pancreatic 
digestion  is  due.  ludol,  however,  unlike  the  leucin  and  tynmin,  is  not  a 
product  of  pure  pancreatic  digestion,  but  of  an  accompanying  decomposition 
due  to  the  action  of  organized  tcrment-s.  A  pancreatic  digestive  mixture 
soon  becomes  swarming  with  bacteria,  in  spite  of  ordinary  precautious,  when 
natural  juice  or  an  infusion  of  the  ginnd  is  used.  When  isolated  ferment 
18  used  and  atmospheric  germs  are  excluded,  or  when  pancreatic  digestion 
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flU*ri«<l  on  in  the  presence  of  salicylio  acid  (»r  tfaytuol,  which  prevent  the 
upment  of  hacteriu  unci   like  or^unisuia  hut  |K:nnit  the  action  of  the 
trrpein,  no  odor  is  perceived  and  no  iudol  is  profJured. 

After  long-continued  digestion,  e8i>eciully  when  ucconipauied  by  putre- 
fiiciive  deoompoflition,  the  amount  of  proteids  which  are  carried  beyond  the 
pepione  stage  and  broken  up  may  be  very  great. 

In  gastric  digestion  Hiich  a  profound  destruction  of  proteiii  material  occurs 
to  a  much  less  extent  or  not  at  all ;  neither  leucin  nor  tyroain  can  at  present 
be  considered  as  natural  products  of  the  action  of  pepsin. 

On  the  gelatiuiferous  elements  of  the  tisHiiea  as  they  actually  exist  in  the 
tissue  previous  to  any  treatment,  pancreatic  juice  appears  to  have  no  solvent 
•ctioD.     The  fibrillte  and  bundles  of  fibrillic  of  ordinary  untouched  coo- 
ivc  tiMue  are  not  digested  by  pancreatic  juice,  which  in  this  respect 
otxls  a  striking  contrast  to  gastric  juice.     But  when  they  have  been  pre- 
usly  treated  with  acid  or  boiled,  so  aa  to  become  converted  intcj  actual 
atin,  trypsin  is  able  to  dissolve  them,  apparently  cliangirig  them  much  in 
me  way  ua  does  [>epHin.     TryfKiIn.  uulike  |)epsin,  will  dissolve  mucin, 
ke  j>e(>sin.  it  is  inert  toward  uuclein,  horny  tissues,  and   the   so-called 
loid  matter. 

D  j'iitA  pancreatic  juice  has  a  twofold  action.  Fn  the  Hrst  place  it  eraul- 
I  fats.  If  hog's  lard  be  gently  heated  until  it  melts  and  be  then  mixed 
with  pancreatic  juice  before  it  ;stiIi(lHe3  on  cooling,  a  creamy  emulsion  lasting 
for  almost  an  indeHnite  time  is  formed.  So  also  when  olive  oil  is  shaken  up 
with  |>ancreatic  juice,  the  separation  of  the  two  tluids  liike>j  place  very  slowly. 
aiid  a  drop  of  the  mixture  under  the  micn>scope  shows  that  the  division  of 
the  fat  is  very  minute.  Aii  alkaline  aqueous  infusion  of  the  gland  has 
similar  emulsitying  powers.  In  the  scconii  place  pancreatic  juice  splits  up 
neutnd  fats  into  their  respective  acids  and  glycerin.  Thus,  palmitin  (or 
pdmitin)  (Ci.HjpCO.O  ij.CjHj  is  with  the  assumptiou  of  *:!H.,0  i^plit  up  into 
ree  molecules  of  palmitic  acid  3(C,jH„.CO.OH)  and  one  of  glycerin 
,H,)  (OH,>;  and  8*>  with  the  other  neutral  fats.  If  perfectly  neutral  fat 
treated  with  pancreatic  juice,  especially  at  the  bodytempemture,  the 
nlsioD  which  is  formed  speedily  takes  on  an  acid  reaction,  and  by  appro- 
meant*  not  only  the  cnrresjHmding  fatty  acids,  but  glycerin  may  be 
ned  from  the  mixture.  When  alkali  U  jiresent.  the  fatty  acid?  thus  set 
form  their  corresponding  soajts.  Pancreatic  juice  contains  fats  and  is 
uently  apt  aher  collection  to  have  its  alkalinity  reduced,  and  an 
•qoeous  infusion  of  a  pancreatic  gland  (which  always  contains  a  consid- 
■bie  amount  of  fat)  very  speedily  becomeB  acid. 

Thus  [>ancreatic  juice  is  remarkable  for  the  power  it  poasesses  of  acting  on 
all  the  ftiod-rttutTs.  on  starch,  fats,  and  proteids. 

The  action  on  stArch,  the  action  on  proteids,  and  the  splitting  up  of  neutral 
fats  ap}>ear  to  be  due  to  the  presence  of  three  distinct  ferments,  and  methods 
h.ive  been  suggested  for  isolating  them.  The  emulsifying  (»uwer,  on  the  other 
Hand,  is  connected  with  the  general  compoertion  of  the  juice  (or  of  the  aqueous 
-ion  of  the  gland),  being  probably  in  large  measure  dejtendent  on  the 
..  ^  .li  and  the  alkalinlhumin  present.  The  protailytic  ferment,  trypin,  as 
ordioartly  prepared  seems  to  be  proteid  in  nature  and  capable  of  giving  rise 
hf  digvetion  to  peptone ;  but  it  may  be  <loubied,  as  in  the  case  of  pepsin  and 
fSmnentii,  whether  the  pure  ferment  has  yet  been  isolated.  There  are 
Dcans  of  distinguishing  the  umylolytio  ferment  of  the  puuci'eas  from 
'in.  The  term  pajtrreaiin  ha.H  l)e<?n  variously  applied  to  many  different 
tiooa  from  the  gland,  and  its  uise  had,  perhaps,  better  be  avoided. 
KClioD  of  pancreatic  juice  or  of  the  iufui^iou  or  extract  of  the  gland, 
•tarch,  is  Men  under  all  circumstances,  whether  the  animal  be  fasting  or 
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not.     Tlie  same  may  probably  be  said  of  the  action  on  fata.     On  proteids 
tlie  natural  juice,  when  secreted  in  a  normal  state,  t3  always  active.     Tbe 

glycerin  extract  or  aqueous  iufuBion  of  the  gland,  on  tlie  contrary,  aa  we 
ave  already  explained  (f^  2.38),  ia  active  in  proportion  as  the  trypainogen 
has  been  converted  into  trypsin. 

Suecus  Entericus.  ■ 

§  260.  When  in  a  living  animal  a  portion  of  the  small  intestine  is  liga- 
ture<l,  80  that  the  secretions  coming  down  from  above  cannot  enter  ita  canal, 
while  yet  the  blood-supply  ia  maintained  &s  U8ual,  a  ^mall  amount  of  secre- 
tion collects  in  its  interior.  This  is  spoken  of  as  the  shccks  eyiY^nVwj*,  au<i  is 
supposed  to  be  furnished  by  the  glands  of  Lieberkiihn,  of  which  we  shall 
presently  8[>€ak. 

Succus  onterlcus  may  be  obtained  by  the  fnllowing  method,  known  as  that  of 
Tbir>'  moiliiied  by  Vella.  The  email  intestine  is  Jivifiei]  in  two  jvlaces  at  some 
distance  C3U  lo  5U  cm.)  ajmrt.  By  fine  sutures  tlii;  lower  en  J  of  the  njjper  sectiun 
is  carefully  united  with  the  upper  end  of  the  lower  .section,  thus,  as  it  were,  cut- 
ting out  a  whole  jjiece  of  the  small  intestine  frum  the  alimentary  tract.  In  sue* 
cessful  cases  union  between  the  rut  surfuws  takes  ]iiacc,  aud  a  shortened  but 
Otherwise  satisfafitory  canal  in  reestfih!itih<Hl.  (_)f  thu  isoUted  ]iieoe,  the  two  ends 
are  separately  brought  throuj^h  inci.siiinH  in  thu  ulKJomitiid  wall,  and  their  mouths 
carefully  fastened  in  f>ueh  a  manner  llmi  euch  uioulli  (tf  tlie  piece  opens  on  to  the 
exterior.  During  the  procea**  of  healing  two  tisiulfe  are  thus  e.stablished,  one 
leading  to  the  beginning  of  and  the  other  to  the  end  of  a  short  piece  of  intestine 
quite  isolated  from  the  rest  of  (he  alniientary  canal :  by  menn^  of  these  openings  a 
small  quantity  of  fluid  can  be  obtained. 

The  quantity  secreted  is  said  to  be  considerably  increased  by  the  administration 
of  pilocari>me' 

Sulcus  entericus  obtained  from  the  dog  by  tbe  above  method  is  a  clear 
yellowish  fluid  having  a  faintly  alkaline  reaction  and  eontjiining  n  certain 
<juantity  of  mucus.  It  is  said  to  ctmvert  starch  into  sugar  ami  proteids  into 
jieptone  (the  action  being  very  similar  to  that  of  pancreatic  juice),  to  s]>tit 
up  neutral  fats,  to  eiuulsify  fats,  and  to  curdle  milk.  It  is  also  said  to  con- 
vert rapidly  cane-sugar  into  grape-sugar,  and  by  a  fermentative  action  to 
convert  cane-Hugar  into  lactic  acid,  and  this  again  into  buiyric  acid,  with 
the  evolution  of  carbonic  acid  and  free  hydrogen. 

According  to  the  above  results  succus  entericus  is  to  be  regarded  as  an 
important  secretion  acting  on  all  kinds  of  food.  But  even  at  its  best  its 
actions  are  slow  and  feeble.  Moreover,  many  observers  have  obtained  nega- 
tive results,  so  that  the  various  statements  are  contlicting.  Besides,  we  have 
no  exact  knowledge  as  to  the  amount  to  which  such  a  secretion  takes  place 
under  normal  circumstances  in  the  living  body.  We  may,  therefore,  con- 
clude that,  at  present  at  all  events,  we  have  no  satisfactory  reasons  for  sup- 
posing that  the  actual  digestion  of  food  in  the  intestine  is,  to  any  great 
extent,  aided  by  such  a  juice. 

Of  the  possible  action  of  other  secretions  of  the  alimentary  canal,  as  uf 
the  dccum  and  large  intestine,  we  shall  speak  when  we  come  to  consider  the 
changes  in  the  alimentary  canal. 

§  251.  Gallstones,  Concretions,  often  of  considerable  size,  known  as  gall- 
stones, are  not  unfrequently  formed  in  the  tT[i||. bladder,  and  smaller  concre- 
tions are  sometimes  formed  in  the  bite  passages.  In  man  two  kinds  oi 
gall-stones  are  common.  One  kind  cousiHtcj  almost  entirely  of  cbolcsterin, 
Bometimes  nearly  free  from  any  admixture  with  pigment,  sometimes 
more  or  leas  discolore*!  with  pigment.  Gall-stones  of  this  kind  have  a 
crystalline  structure,  and  when  broken  or  cut  show  freijiiently  radiate  and 
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trie  markings.   The  olber  kiud  oonsiHts  chiefly  of  bilirubin  iu  conibina- 

rith  calcium.    Crall-stonesof  thia  kind  are  darlc-colored  und  umorphuua. 

cntnmon  than  the  above  are  small,  dark-colored  atones,  having  often 

mulberry  Bha[x;,  consitiling  not  of  bilirybtu  iUtelf,  but  of  one  or  other  de- 

rative  of  bilirubin.   Gall-stones  consisting  almost  entirely  of  inorganic  salts, 

Llcic  carbonates  and  phosphates,  are  also  occasionally  met  with.     In  the 

lower  animals,  in  oxen  for  instance,  biHruhin  gall-stones  are  not  uncommon, 

but  cholesterin  gall-stones  are  rare. 

A  gall-stone  appears  always  to  contain  a  more  or  leas  obvious  "  nucleus/* 
Around  which  the  material  of  the  stone  haj»  been  deposited,  and  which  may 
regarded  aa  the  origin  of  the  stone ;  the  real  cause  of  the  formation  of  the 
•tone  lies,  however,  in  certain  changes  in  the  bile,  by  which  the  choloeterin, 
or  bilirubio.  or  other  constituent  ceases  to  remain  dis»jlved  in  the  bile.  But 
we  caxinot  discuss  this  matter  here. 


1         w 


The  Sbcretzon  op  Pancueatic  Juice  and  of  Bile. 

The  tecTfiion  of  pancreatic  juice.     Although  in  some  cases,  as  that 

the  parotid  of  the  sheep,  the  flow  of  saliva  is  continuous  or  nearly  an,  in 

animals,  as  in  man.  the  intcrmittence  of  the  secretion  is  very  nearly 

lute.     While  food  is  iu  the  mouth  saliva  flows  freely,  but  between  lueuls 

y  jufll  sutficient  is  secreted  to  keep  the  mouth  moist,  and  probably  the 

r  part  of  this  is  supplied  not  by  the  larger  salivary  but  by  the  small 

glanda.     The  flow  of  pancreatic  juice,  on  the  tither  haud^  is  much 

prolonged,  being  in  the  rabbit  continuous,  and  in  the  dog  lasting  for 

twenty  hours  after  food.    But  this  contrast  between  the  secretion  of  saliva 

and  that  of  pancreatic  juice  is  natural,  since  the  stay  of  food  in  the  mouth, 

even  during  a  protracted  feast,  is  relatively  short,  whereas  the  time  during 

hich  the  material  of  a  ineiil  is  able  in  some  way  or  other  to  aflfect  the 

pancreas  is  very  prolonged. 

The  flow,  though  continuous  or  nearly  ao,  ia  not  uniform.      In  the  Hog  the 
£ovr  of  pancreatic  juice  begins  immediately  after  food  has  been  taken,  and 
to  ft  maximum  which  may  be  reached  within  the  first  ur,  as  in  the  csls^ 
mishing  the  diagram  given  in  Fig.  112,  the  second  hour,  but  which  more 
mmouly  is  not  reached  until  the  third  or  fourth  hour.     This  rise  is  then 
ved  by  a  fall,  after  which  there  is  a  secondary  rise,  reaching  a  second 
imoro  at  a  very  variable  time,  but  generally  between  the  flflh  and  seventh 
ottia.     This  second  maximum,  however,  ia  never  so  high  aa  the  first. 
The  second  rise  may  be  due  to  material  absorbed  from  the  intestines  beine 
carried  in  the  circulation  to  the  pancreas,  and  so  directly  exciting  the  gland 
ti]  activity,  much  in  the  same  way  as,  in  the  ca«c  of  the  stomach,  the  absorp- 
tion of  digested  material  promotes  the  flow  of  gastric  juice  (aee  §  232);  and 
similar  absorption  may  contribute  to  the  first  rise  also,  but  it  is  more 
ble  that  so  marked  and  sudden  a  rise  as  this  is  carried  out  by  some 
o«u  mechanism.     The  details  of  this  mechanism  have,  however,  not  as 
been  satisfactorily  worked  out. 

pancreas  derives  its  nerves,  which  reach  it  along  ila  bloodve-^els,  from 

'lar  plexus  of  the  splanchnic  system,  but  the  ultimate  origin  of  the  tibrea 

not  been  traced  out;  some  of  them,  however,  certainly  come  through 

plexus  from  the  right  vagus. 

malation  of  the  medulla  oblongata,  or  of  the  spinal  cord,  will  call  forth 

ion  in  a  quiescent  gland,  or  increase  a  secretion  already  going  on. 

tliis  we  may  infer  the  existence  of  a  reflex  mechanism,  though  we 

yet  trace  out  satisfactorily  the  exact  path  of  either  the  afl^erent  or 
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the  efiferent  impulses ;  all  we  can  ^ay  is,  that  the  latter  do  not  reach  the  pan- 
creas by  the  vagus,  aince  Blimulation  o(  thv.  lueiJullu  i^  effective  after  eectioD 
of  both  vagi. 


Fig.  n: 
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DlAGRAU  It.M-FTBATWa   THE   iNri.rEWrj:  OF   TrtOTi  ON  THK   SF.rKETKtN  OT   PANCnEATtC  JuinR. 

(N.  o.  Bbrnbtein.) 
The  bImoImw  repment  hount  nflor  tAklni;  food  ;  the  onli  nates  represent  Ln  c.c.  the  amount  ofwcn* 
tion  In  ten  miniileB.  A  marked  rise  is  i»eLMi  at  B  immediately  after  Tonrl  was  taken,  with  a  aecondaiT 
rise  between  the  fourth  and  fifth  houn  afterward.  Where  the  hne  la  dotted  the  afaeerratlon  was 
IntempCed.  On  food  bcint;  af^lti  ifivua  ut  (.',  utiother  rise  U  seen,  roUowed  In  turn  by  a  depreslou 
and  a  aecondary  riK-  At  the  fifth  lioiir.    A  very  .tlmUnr  cur\'t!  would  re|iresi>nt  tlic  secretion  of  liile. 

A  aecretion  already  going  on  may  be  arrested  by  stimulation  of  the  cen- 
tral eud  of  the  vngua,  and  the  gtoj>pa^  of  the  secretion,  which  has  been 
observed  as  occurring  during  and  aher  vomiting,  is  probably  brought  about 
in  this  way.  This  eHect,  which,  however,  is  not  confined  to  the  vague,  stimu- 
lation of  other  afferent  nervei*,  such  as  the  sciatic,  producing  the  same  effect, 
may  be  regarded  (in  the  absence  of  any  proof  that  the  result  is  due  to  re6ex 
constriction  of  the  pancreatic  bloodvessels  unduly  checking  the  blood-supply) 
as  an  inhibition  nf  a  reflex  mechauism  at  its  centre  in  the  medulla,  or  in 
some  other  part  of  the  central  nervous  system,  much  in  the  same  way  as 
fear  inhibits  at  the  central  nervous  system  the  secretion  of  saliva  following 
food  in  the  mouth,  S22f>.  But  if  so,  then  we  must  regard  the  secretion  of 
pancreatic  juice  aa  uloselv  reseniMing  that  of  saliva,  inasmuch  as  it  is  called 
forth  by  a  reflex  act.  Vet  it  is  etated  that,  unlike  the  case  of  saliva,  the 
secretion  of  pancreatic  juice  continnes  aller  all  the  nerves  going  to  the  gland 
have  been  divided,  an  operation  which  would  do  away  with  the  poaaibility 
of  reflex  action.  Such  au  experiment,  however,  cannot  be  regarded  as 
decisive,  since  it  ia  almost  impossible  to  l>e  sure  of  dividiug  all  the  nerves. 

No  evidence  haw  yet  been  brought  forward  to  prove  the  existence  of  any 
double  nervous  mechanism  .similar  to  that  of  chorda  fibres  and  sympathetic 
fibre.s  in  the  salivary  gland.  All  that  can  be  said  is  that,  when  the  gland  is 
stimulated  to  secrete,  the  bloodvessels  are  dilated  as  in  the  salivary  gland; 
and  we  have  already,  !J23;^,  dwelt  on  the  histolugical  changes  which  accom- 
pany secretion.  We  may  add  that  when  the  gland  is  stimulated  to  increased 
secretion,  the  increase  ia  not  merely  an  increase  of  water,  the  discharge  of 
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•olidft  U  increased  even  more  than  the  discharge  of  water,  bo  that  the  per- 
centage of  eotids  io  the  juice  JDereasee. 

The  quantity  of  pancreatic  juice  secreted,  in  the  case  of  man,  in  twenty- 
four  hours  has  been  calculated  at  300  cc,  hut  such  a  calculation  is  of  very 
uDcertfiin  value. 

We  have  seen.  §  227.  that  in  the  salivary  glands  the  pressure  which  may 
be  exerted  by  the  fluid  in  the  ducta  is  very  cuneiderable,  exceeding  il  may 
be  even  the  olood-pressure  in  the  carotid  artery.  In  this  respect  the  pun- 
ereas  differs  from  the  salivary  glands.  When,  in  a  rnbbil,  a  canula  cod- 
necled  with  a  vertical  tube  or  a  maootueter  is  placed  iu  the  pancreatic  duct, 
the  column  of  fluid  does  not  rise  above  a  height  corresponding  to  a  preissure 
of  about  17  mm.  of  mercury.  But  at  this  pressure  the  gland  becomes  wde- 
roatous  on  account  of  the  juice  secretef)  }>as8ing  back  through  the  walls  of 
tbe  ducti  and  alveoli  into  the  connective  tissue;  a  much  higher  pressure  it 
Deeded  to  render  a  salivary  gland  cedematous  ;  an<l  whether  the  low  pressure 
obeenred  in  the  pancreas  is  due  to  the  ease  with  which  oedema  takes  place, or 
to  the  actual  secretion  not  being  able  to  reach  a  higher  pressure,  cuuuut  be 
•tatefl  with  certainty. 

§  263.  The  secretion  of  bile.  The  act  of  secretion  of  bile  by  the  liver 
mwt  not  be  confiiundod  with  the  discharge  of  bile  from  the  bile  duct  into 
the  duodenum.  When  the  acid  contents  of  the  stomach  are  pouretl  over  the 
orifice  of  the  biliary  duct,  a  gui^h  uf  bile  take^  place.  Indeed,  stitnuhttion 
of  this  region  of  the  duodenum  with  a  dilute,  acid  at  once  calls  forth  ii  flow, 
though  alkaline  fluids  so  applied  have  little  or  no  eflect.  When  no  such 
acid  fluid  is  poaeing  into  the  duodenum  no  bile  is.  under  normal  circum- 
stances, discharge<l  into  the  intestine.  The  di^hurge  is  due  to  a  coutraction 
of  the  muscular  walls  of  the  gall-bladder  and  ducts,  accompauied  by  a  re- 
laxation uf  the  sphincter  of  the  orifice ;  both  acts  are  probably  of  a  reflex 
nature,  but  the  details  of  the  mechanism  have  not  been  worked  out. 

The  secretion  of  bile,  on  the  other  hand,  as  shown  by  the  results  of  biliary 
ftstalte,  is  continuous;  it  appears  never  to  cease.  When  no  food  is  taken  the 
bile  passes  from  the  liver  along  the  hepatic  and  then  back  along  the  cystic 
daet  (tbe  flow  being  aided  probably  by  peristaltic  contractions  of  the  mus- 
oolar  fibres  of  tbe  duct)  to  the  gall-bladder,  where  it  is  temporarily  stored  ; 
hcDoe  in  starving  animals,  when  no  discharge  is  excited  by  food,  the  gall- 
bladder becomes  greatly  distended  with  bile.  But  the  secretion,  though 
oantinuous.  is  not  uniform.  The  rate  of  secretion  varies,  and  is  especially 
infiueoced  by  food ;  it  is  seen  to  rise  rapidly  after  meals,  reaching  its  maximum. 
in  don,  in  from  four  to  eight  hours.  There  seems  to  be  an  immediate,  sudden 
rise  when  food  is  taken,  then  a  fall,  followed  sub^rjuently  by  a  more  graiUial 
rise  up  to  tbe  maximum,  and  ending  in  a  fmal  fall  to  the  lowest  point.  The 
carve  of  secretion,  in  fact,  resembles  that  of  the  secretion  of  pancreatic  juice 
in  having  a  double  ri^e ;  and  as  in  that  case  so  in  this,  it  is  very  probable 
that  the  flrvt  rise  is  in  part  the  result  of  nervous  action,  and  it  is  also  (xHwible 
that  nervous  influences  intervene  in  the  second,  more  lasting  rise  ;  but,  us  we 
■hail  see  presently,  even  nervous  influences  may  affect  the  liver  in  a  very 
indirect  manner,  and  our  knowledge  as  to  any  direct  action  of  the  nervous 
system  on  the  liver  Is  at  pre.sent  very  imperfect. 

The  liver  receives  its  chief  nervous  supply  from  the  solar  plexus,  and  to  a 
great  ext*mt  thnugh  that  part  of  the  iwdar  plexus  called  the  hepatic  plexus, 
which  embnu**  the  portjil  vein,  hepatic  artery,  and  bile  duct,  as  these  plunge 
into  the  liver  nt  the  [Mtrta.  The  st^lar  plexus  is  fc<l  by  the  two  abdominal 
■plaoehoic  nerves,  major  and  minor,  by  other  smaller  nerves  from  the  lower 
pnrta  of  tbe  splanchnic  (sympathetic)  chain,  and  by  the  terminal  portion  of 
the  right  vagus  nerve.     Small  branches  from  the  leA  vagus,  rami  hopatici. 
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also  pass  directly  to  the  liver  from  the  ternuDatioiis  of  that  nerve  on  the 
Btoraach,  liniiint^  their  way  also  through  the  porta.  The  tibrea  thus  entering 
the  liver  from  the  several  sources  are,  for  the  most  part,  non-me<lulIated 
fibres ;  with  these,  however,  are  mixed  a  certain  number  of  mLHlullate<l  fibres. 

As  to  the  functions  of  these  nerves  in  reference  to  the  secretion  of  bile, 
we  may  say  at  once  that  no  eutisfactory  or  exact  statement  can  at  present  be 
made. 

§  254.  It  must  be  remembered,  however,  that  the  liver  is  so  peculiarly 
related  tu  the  other  ordains  of  digestioni  and  its  vascular  arrangements  so 
special  that,  with  regard  ti)  it,  arf  compared  with  many  other  organs,  an 
intrinsic  nervous  mechanism  moat  occupy  a  more  or  less  subordinate  position. 
The  blood-supply  of  the  pancreas  for  iusLance  is  dependent  chiefly  on  the 
width  for  the  time  being  of  the  pancreatic  arteries;  it  will  be  affecte<l,  of 
course,  by  the  general  arterial  pressure  and  by  any  circumstances  which 
affect  the  outflow  by  the  pancreatic  veins,  and  tliercfore  by  the  condition  of 
the  portal  venous  system  of  which  those  veins  form  a  part ;  but  in  the  main, 
the  amount  of  hlood  bathing  the  alveoli  of  the  pancreas  will  depend  on 
whether  the  pancreatic  arteries  are  conatricted  or  dilated.  The  quality  of 
the  bloixl  reaching  the  pancreas,  being  arterial  blood  drawn  direct  from  the 
arterial  fimndation,  wiil  be  modified  only  by  such  circumstances  as  modify 
the  general  mass  of  the  blood. 

Very  different  is  the  case  of  the  liver.  The  supply  i>f  arterial  blood 
coming  direct  through  the  hepatic  artery  is  small  compared  with  the  mass 
pouriuK  through  the  vena  portse;  it  moreover,  as  we  shall  see,  is  distributeti 
in  capillaries  among  the  small  interIobuh\r  branches  of  the  vena  pttrtie  and 
has  become  venoue,  indeed  merged  with  the  portal  blood,  before  it  reaches 
the  actual  lobules.  The  supply  4>f  blwai  for  the  liver  is  mainly  that  through 
the  vena  portie;  and  this  supply  is  not,  like  an  arterial  supply,  a  fairly 
uniform  one,  modified  chiefly  by  the  vasomotor  events  of  the  organ  itself, 
but  is  dependent  on  what  happens  to  be  taking  place  in  the  alimentary  canal 
and  in  abdominal  organs  other  than  the  liver  itself  When  no  f<x>d  is  being 
digested  and  the  alimentary  canal  ia  at  rest,  the  vessels  of  that  C4uial,  as  we 
have  alrea^ly  said  in  speaking  of  the  stomach,  are  like  those  of  the  pancreas 
and  salivary  glands,  in  a  state  of  tonic  constriction  ;  a  relatively  small 
qimutity  of  blood  passes  through  them;  hence  the  tiow  through  the  veoa 
portae  ie  relatively  inconsiderable,  and  the  pressure  in  that  vessel  is  low. 
When  digestion  is  going  on  all  the  minute  arteries  of  the  atomach,  intestine, 
spleen  and  pancre.as  are  dilated,  and  general  arterial  pressure  being  by  some 
means  or  other  maintained  (see  {^  1^4),  a  relatively  large  quantity  of  blmnl 
rushes  into  the  vena  portic  and  the  pressure  in  that  vessel  becomes  much 
increased,  though,  of  course,  remaining  lower  than  the  general  arterial 
pressure.  Moreover,  during  digestion,  peristaltic  movements  of  the  muscular 
coats  of  the  alimentary  canal  are,  as  we  have  seen,  active ;  and  these  move- 
ments, serving  as  aids  to  the  circulation  (see  §121),  help  to  increase  the 
portal  flow.  Further,  the  spleen,  as  we  shall  see  in  speaking  of  that  organ, 
18  in  many  animals  richly  provide^]  with  plain  muscular  fibres,  aud  iu  such 
cases  seems,  especially  during  digestion,  to  act  as  a  muscular  pump  driving 
the  blood  onward,  witl»  increased  vigor,  along  the  splenic  veins  to  the  liver. 
So  that  even  were  the  liver  not  connected  with  the  central  nervous  system  by 
a  single  nervous  tie,  the  tide  of  blood  through  the  liver  would  ebb  and  flow 
according  to  the  absence  or  presence  of  food  in  the  alimentary  canal. 

An  increase  of  hinnd -supply  does  not,  of  couree,  necessarily  mean  an 
increase  of  secretory  activity.  As  we  have  seen,  ^  227.  in  the  presence  of 
atropine,  the  secretion  of  salis'a  may  stand  still  in  spite  of  dilated  blood- 
veaeela  and  the  consequent  rush  of  blood ;  but  we  may  safely  assert  that. 
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■ther  things  being  e<iual,  a  fuller  bloodE-supply  la  favorable  to  activity.  Ap- 
HMOtly  A  mere  chauge  in  the  quaotity  of  blood  bathing  an  alveolus  will 
liot  fltArt  in  the  cells  the  chaiigej^  which  constitute  the  act  of  secretion,  any 
more  than  an  increase  in  the  blood  bathing  a  muscular  fibre  will  neceflsarily 
•et  Koing  a  contraction  ;  but  unless  there  be  some  cuunter-acting  influence  at 
work,  a  fuller  and  richer  lymph  around  a  cell  will  naturally  lead  to  the  cell 
biking  up  more  material  from  ihe  lymph,  and  so  will  inereaae  the  cell's  store 
ol' energy.  Hence,  especially  in  the  hepatic  cell,  which  ap|)ear8  to  be  always 
at  work,  always  undergoing  metabolism  of  such  a  kind  as  to  give  rise  to  bile, 
wc  might  fairly  expect  the  greater  dow  through  the  portal  vein  to  quicken 
the  flow  through  the  bile  duct. 

And,  as  a  matter  of  fact,  we  do  find  vaso-coustrictor  action  dominant  over 

the  secretion.     In  the  various  cx[>erimeut8  which  have  been  made  to  ascertain 

the  MrtioD  of  the  nervous  system  on  the  secretion  of  bile,  it  has  always  been 

found  that  slimulaliou  of  the  medulla  oblongata,  or  of  the  spinal  cord,  ur  of 

Ihe  al>dominal  splanchnic  nerves,  stops,  or  at  least  checks  the  flow  of  bite. 

Kow  the  eflect  of  these  stimulations  is,  as  we  have  already  seen  more  than 

!,  a  powerful  constricting  action  on  the  abdominal  bloodvessels;   by  such 

lulation  the  blood-supply  of  the  liver  is  materially  diminished,  and  in 

luenoe  the  secretory  activity  is  slackened  or  arrested. 

But  there  is  something  besides  the  mere  quantity  of  blood  to  be  considered 

iu  this  relation.     The  hhun]  which  piu^es  from   the  alimentary  canal  at  rei^t 

,!■  ordinary  venous  blood,  \iu\vn  Him|>ly  with  tiarbonic  acid  and  the  ordinary 

product*  of  the  metabolism  of  the  muifcular  and  mucous  coats  of  the  canal. 

'Vi'ben  digestion  is  going  on  the  portal  blood  is  laden,  as  we  shall  see,  with 

some,  at  all  events,  of  the  products  of  digestion,  with  sugar  probably  and  with 

T&riouB  proteid  bodies.     And  it  is  quite  possible  or  even  probable  that  some 

of  these  bodies  in  the  portal  blood  reaching  the  hepatic  cells,  stir  them  up  to 

•ecrelory  activity ;  indeed,  this  view  may  l>e  regarded  as  supported  by  the 

'ikcta    that    proteid    food    increai^es  the  quantity  of   bile   secreted,   whereas 

I  fiiUy  food,  which  as  we  shall    see    passes,  chiefly  if    not    wholly,  not    by 

the  portal  vein   but  by  the  lymphatics,  and  which  is  probably  largely  dis- 

^gwd  of  in  some  way  or  other  before  it  can  reach  the  liver,  has  no  such 

Hence  we  may  infer  that  at  all  events  the  second  increase  of  the  flow  of 
bile  which  occurs  during  the  later  stages  of  digestion,  may  be  to  a  large 
lUtent  the  direct  eflect  of  blood,  ladeu  with  digestive  products,  parsing  from 
rtlM  stomach  and  intestines,  es{>ccially  the  latter,  to  the  liver  by  the  portal 
|T«D.  quite  independent  of  any  direct  nervous  action  on  the  liver  itself;  and, 
rindeed,  it  is  possible  that  the  first  rise  also  may  be  partly  due  to  the  increased 
itfow  of  blood  from  the  stomach,  aided  by  the  absorption  from  that  organ  of 
a  certain  amount  of  digested  material.  Since,  however,  there  is  no  evidence 
of  any  decrease  in  bloo<l-8Upply,  or  in  the  rate  of  absorption,  corresponding 
to  tlie  fail  between  the  two  rises,  some  influences  other  than  those  which  we 
mrt  diacuflsing  must  l)e  at  work  in  the  matter. 

$255.  The  blood-supply  of  the  liver  being  thus,  quite  apart  from  any 
DerTou?<  supply  of  its  own,  m)  closely  dependent  on  what  is  going  on  in  the 
r«limentAry  canal,  it  will  be  convenient  to  say  a  few  word.s  more  concerning 
'the  vasomotor  nerves  of  that  canal.  As  we  have  already  said,  in  speaking 
of  the  vascular  system.  >;  lOl).  the  vaso-coustrictor  fibres  for  the  stomach  and 
intestines,  large  and  small,  issuing  from  what  we  may  call  the  vaso-con- 
ssnct4>r  region  of  the  cord,  pa^  for  the  most  part  through  the  two  abdominal 
splanchnic  nerves,  major  and  minor,  a  smalt  number  only  pa.ssing  out  below 
tlie  roots  of  those  nerves.  When  these  splanchnic  nerves  are  divided  the 
V^SMsls  of  the  canal  arc  dilated,  when  they  are  centrifugally  stimulated  the 
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vessels  are  constricted.  Whether  there  be  any  diatinct  vaso-dilator  fibres  for* 
alt  or  auy  part  of  the  canal,  auil  if  »y  what  course  they  take,  is  not  known. 
When  no  food  has  for  some  tiiue  l>oeri  taken,  the  mucous  membrane  of  the 
stomach  as  seen  through  a  gastric  fistula  is  [lale ;  the  bloodvessels  are  con- 
stricted. And.  as  far  as  we  know,  a  similar  condition  obtains  throughout  the 
small  and  large  intestine?.  When  food  is  taken  the  mucous  membrane  of 
the  stomach  becomes  (lushed ;  its  vessels  become  ditate^:!.  This  appears  to 
be  the  result  of  an  inhibition  of  thft  previously  existing  tonic  constriction  ; 
at  least  we  have  no  evidence  supporting  any  other  explanation.  Apparently 
the  presence  <»f  food  in  the  stomach  starts  in  the  mucous  membrane  influences 
which,  ascending  to  the  central  nervous  system^  inhibit  the  vasomotor  centre 
for  the  abdominal  splanchnic  nerves  or  such  part  of  thiil  centre  as  governs 
the  vaao-constrictor  tihres  of  the  stomach.  By  what  path  such  aHerent  im- 
pulses reach  the  central  nervous  system  is  not  as  yet  definitely  settled  ;  but 
possihiy  by  the  vague  nerve,  if  it  he  true,  as  stated,  that  centripetal  stimu- 
lation of  that  nerve,  while  it  raises  the  general  blood-pressure  by  increasing, 
in  a  reflex  manner,  vtiso-consLrictiou  iu  other  regions,  leads  to  a  dilatation  uf 
the  gastric  vessels.  Bo  also  it  h  probable  tliat  as  the  food  reaches  succeeding 
sections  of  the  alimentarv  canal,  these  in  turn  in  a  similar  manner  become 
flushed  with  Hood.  In  the  frog  there  is  some  evidence  that  vaso-couslrictors 
leaving  the  spinal  cord  by  consecutive  spinal  nerves,  govern  the  bloodvessels 
of  consecutive  sections  of  the  alimentary  canal. 

All  this  flushing  of  the  cHnal  wtih  blond  leads,  we  repeat,  to  an  increased 
flow  of  blood  at  a  higher  pre^ure  through  the  portal  vein.  Whether  besides 
there  be  any  additional  mechanism  set  to  w(»rk,  such  as,  for  jnstAnoe,  which 
some  ol>servationa  suggest,  a  rhythmical  peristaltic  contraction  of  the  portal 
vein,  by  which  the  blood  is  still  more  mpidly  hurried  to  the  liver,  and 
whether  the  increased  venou.s  supply  through  the  portal  vein  is  accompanied 
by  a  corresponding  increase  of  the  lesser  supply  of  arterial  blood  through 
the  hepatic  artery,  is  not  known.  It  may,  ficrhaps,  be  here  remarket!  that 
there  is  no  need  for  any  increase  of  arterial  blood,  since  the  blood  from  the 
alimentary  canal,  owing  to  its  more  rapid  passage  through  the  minute  veceels, 
is  pritbably  like  the  correspouding  blood  in  the  veins  of  an  active  salivary 
gland  (though  probably  also  not  to  the  same  extent)  less  venous  than  usual 
during  digestion,  in  spite  of  the  txtra  tjuauiity  of  carbimic  acid  thrown 
into  it  by  the  increased  metaboliam  of  the  muscular  coat  during  the  peri- 
etallic  movements. 

§2fi6.  It  is  interesting  to  observe  that  the  pressure  under  which  the  bile 
is  secreted  is  relatively  low,  like  that  of  the  pancreatic  juice,  not  high  like 
that  of  the  saliva  ;  it  ia  much  lower  than  the  arterial  pressure  in  the  same 
animal,  whereas  in  the  case  of  saliva  iij  227)  the  pressure  is  greater  than  the 
blood -pressure  in  the  carotid  artery.  But,  in  the  case  of  bile,  since  the  bli»od 
which  flows  through  the  hepatic  lobules  is,  mainly,  venous  portal  blood,  we 
have  to  compare  the  pressure  of  the  secretion,  not  with  arterial  pressure  but 
with  the  venous  pressure  in  the  portal  system:  and  in  the  dog  it  has  been 
found  that  while  the  pressure  of  the  bile  secreted  stood  at  about  200  mm.  of 
a  solution  of  sodium  carbonate — that  is,  about  !•>  mm.  mercury — the  blcMid- 
preasure  in  a  branch  of  the  superior  mo^wnteric  vein  stood  only  at  about  90 
mm.  of  the  same  solution — that  is,  about  7  mm,  mercury.  Now,  the  venous 
pressure  in  the  mesenteric  veins  i»  higher,  though  only  slightly  higher,  than 
that  in  the  portal  vein  into  which  these  pour  their  blood  (the  difference  of 
pres-sure  being  the  main  cause  why  the  blood  Hows  from  the  one  into  the 
other),  and  is,  therefore,  certainly  higher  than  the  pressure  in  the  portal 
capillaries  of  the  hepatic  lobules.  8o  that  what  is  true  of  the  salivary  gland 
is  also  true,  on  a  different  scale,  of  the  liver,  viz.,  that  the  pressure  exerted 
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the  seoretioD  b  higher  ihau  ihe  pressure  of  the  blood  in  the  veaseb  feeding 
le  Mcreting  cells. 

S  267.  If  the  pressure  in  the  bile-duct  be  artificially  increased,  as  bv  pour- 
ig  fluid  into  the  glsFs  tube  i>r  nmnometor  with  which  the  canula  in  l!ic  duct 
connected,  a  resorption  of  the  secret^ed  bile  takes  place ;  and  resorption 
rill  also  take  place  within  the  body,  when  the  pressure  generated  by  the  act 
ittf  aecretion  itself  reaches  and  is  maintained  at  a  sutKciently  high  level.  Thus, 
vlira  in  the  living  body  the  bile-duct  is  ligatured,  or  becomes  obstructed  by 
Ipll-flUaea  or  otherwine,  duid  ie  Hccunuilutcil  ou  the  near  side  of  the  ligature 
at  ft  preHure  which  goes  on  iucreuHing  until  resorption  of  bile  tHke«  place, 
bUe-M.It«  and  biliary  pigments  are  thrown  back  upon  the  system,  and  "jaun- 
dice" reeulia.  It  wouVd  appear  that  in  these  cases  resorption  takes  place 
through  the  interlobular  bile-ilucts  and  not  through  the  hepatic  cells  or  other 
•tructures  within  the  lobules.  The  high  pressure  in  the  duct^  does  nut  lead 
to  a  reverBal  of  the  current  in  the  hepatic  cells  (at  m^ist  it  slackens  or  possi- 
h\j  Slope  the  current)»but  the  bile  secreted  into  the  interlobular  ducts  eiicapcfl 
from  tnese.  It  further  appears  that  the  eiicape  is  nut  into  the  bloodvessels 
bat  into  the  lymphatic)*;  the  bile  salts,  pigments,  and  other  constituents  are 
carried  into  the  thoracic  duct,  and  in  an  indirect  manner  only  find  their  way 
into  the  bUmd  stream. 

To  complete  the  history  of  the  secretion  of  bile  we  ought  now  to  turn  to 

iftbe  manufiactnre  of  the  biliarr  constituents  within  the  ceil.s.     But  since  the 

itic  cells  are  also  engaged  in  labors  other  and  more  important,  perhaj>8, 

than  that  of  secreting  bile,  it  will  be  cnuvenieut  to  defer  what  we  have  to  say 

on  this  point  until  we  come  to  apeak  of  the  formation  of  glycogen  and  of  the 

jpBoeral  metabolic  events  taking  place  in  the  liver. 


The  Structure  or  the  Intestines. 

The  Small  Intedine. 

S66.  The  inttttine,  small  and  large,  throughout  its  length  from  the 
pylonift  to  close  upon  the  rectum,  follows  in  xts  structure  the  general  plan 
pM^ontly  described.  §  208.  A  thin  outer  longitudinal  muscular  layer, 
eoTCred  by  pentoneum,  is  succeeded  by  a  thicker  inner  circular  rauHcular 
Iftjrer,  and  tnis  dtuible  muscular  coat  is  separated  by  a  submucou:?  layer  of 
maa  connective  tissue  carrying  the  larger  bhxidvesiseU,  from  the  mucous 
BMmbrane  which  consists  of  an  epithelium  lying  upon  a  connective-tissue 
basis  of  peculiar  nature,  a  well-developed  ntuscularis  mucoste  of  longitudinal 
and  circular  tibres  marking  otl*tbe  mucous  membrane  proper  from  the  uuder- 
Iring  submucous  tissue. 

In  the  small  intestine  the  outer  longitudinal  muscular  layer  is  evenly  dis- 
tributed over  the  whole  circumference  of  the  tul>e  and  is  everywhere  much 
thinner  than  the  inner  circular  layer,  which  is  the  more  important  layer  of 
the  two.  The  individual  fibre-cells  of  these  muscular  layers  of  the  intestine 
&re  lai^  and  well-developefl.  In  the  thin  sheet  of  connective  tissue  which 
■eparates  indistinctly  the  two  layers  lie^  the  plexus  of  Auerbach,  a  plexus  of 
uw  ye-fibres,  for  the  most  part  non-medullate<l,  at  the  nodes  of  which  are 
galhersd  groups  of  very  small  nerve-cells,  the  sul^stance  of  each  cell  being 
capecially  scanty.  This  plexu:^  supplies  the  two  muscular  layers  with  nerve- 
fibras. 

The  submucous  coat  contains,  besidt^  bloodvessels  and  lymphatics,  a  ^me- 
what  similar  plexus  of  ncrve-Hbres,  called  the  plexus  of  Mcissncr  [Fig.  113] ; 
from  this  plexus  line  nerve-fibres  proceed  to  the  bloodvessels,  to  the  mus- 
eolaris  mucosie,  and  [Xissibly  to  other  structures. 
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§  269.    The  mucous  membrmie.     ThU  is  thrown  into  folds  which  ure  not.  as 
in  the  case  of  the  stoniach.  teniponiry  longiludiual  folds,  rug(e,  but  periua- 

[Fio.  113. 


Pzjonn  or  Mejhbneb  hiom  rne  SuBNvcorB  Coat  or  tub  lin-Bn-iKe.    {C&our.)] 


lit. 


nent  trausverse  folds,  the  valv}d(t  connive^iies^  reaching  half-way  or  two-thirds 
of  the  way  rouud  the  tube.  Each  fold  13  a  fold  of  the  whole  mucouB  mem- 
brane currying  witb  it  a  part  iif  the  submucous  tissue, 
the  latter  thus  forming  a  middle  wheet  between  the  mu- 
cous membrane  ou  tlie  upper  surface  and  that  on  the 
lower  surface  of  the  fold.  The  folds,  which  vary  in 
size,  large  and  small  frequently  alteitiately,  begin  to 
appear  at  u  little  distauce  from  the  pylorus;  they  are 
especially  well  fleveloped  just  btlnw  the  opening  of  the 
bile  and  pancreatic  ducts,  and  are  continued  down  to 
about  the  middle  of  the  ileum,  where,  becoming  smaller 
and  irregular,  they  graduaSIy  disappear.  They  serve 
to  increase  the  inner  surface  of  the  iulestine  and  present 
an  obstacle  to  the  too  rapid  transit  of  material  along 
the  tube. 

Over  and  above  the  coarser  inetpalities  of  surface 
caused  by  these  folds,  the  level  of  the  mucous  mem- 
brane is  broken  on  the  one  hnud  h\  tongue  like  pro- 
jections, the  ('{///,  and  on  the  nther  hand  by  tubular 
dejjrcssinns,  the  ffhnd/i  or  cnjpti*  of  LUberkuhn.  [Fig. 
114.]  The  latter  arc  very  much  smaller  and  are  more 
numerous  than  the  former,  ^veral  crypts  being  placed  in  the  interval 
between  two  villi.     £oth  are  found  on  the  projecting  valvulse  as  well  as  iu 
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rs  between,  and  both  extend  along  the  whole  length  of  the  intestine 
from  the  pylorus  to  the  ileo-csecal  valve;  but  while  the  villi  vary  a  good 
^dcAl,  being  short  and  few  immediately  next  to  the  pylonis,  very  numerous 
'And  large  in  the  duodenum  and  upper  part  of  the  intestine,  less  numerous, 
smaller.  au<l  more  irregular  in  the  lower  part,  the  crypts  have  nearly  the 
•Aine  character?  and  are  unil'ornily  distribute*!  throughout.  Very  much  as 
in  tbe  case  of  the  etoniaeh,  the  inuscularis  mucosa?  runs  in  an  even  liue 
(except  for  the  sweeps  of  the  valvulie  cminiventes)  at  a  little  distance 
hem  the  bases  of  the  closely  packed  crypts,  and  at  a  greater  distance 
(tu.,  the  length  of  the  crypts)  from  the  bases  of  the  villi  ;  as  we  shall  see, 
however,  the  muscularis  mncosie  senda  up  muscular  fibres  into  each  villus. 

^260.  Before  proceeding  to  describe  the  villi  and  crypts  it  will  be  conve- 
nient to  study  the  characters  of  the  peculiar  connective  tissue  lying  between 
the  epithelium  above  and  the  muscularis  mucosse  below.  The  up[)er  surface 
of  this  tissue  is  defined  by  what  may  be  spoken  of  as  a  basement  membrane, 
which,  however,  ap]>ear8  not  to  be  here  (at  least  over  the  villi)  as  in  the 
stomach  a  continuous  sheet  composed  of  flat  connective-tissue  corpuscles  fused 
together,  but  to  have  a  structure,  which  wo  shall  presently  describe.  The 
miMcularis  mucosae  consists  of  an  outer  longitudinal  and  an  inner  circular 
■beet  of  plain  muscular  tibres,  in  stnuG  places  the  one.  and  in  other  places  the 
oilier  being  predominant ;  each  sheet  consists  in  mont  c«se<?  of  a  single  layer 
of  fibres,  the  constituent  fibres  being  cemented  into  flat  bundles  and  the 
bundles  united  by  fine  connective  tisi^ue.  Between  the  Hut  bundles  vessels 
|MMB  to  and  from  the  submucous  tissue  below  and  the  rest  of  the  mucous 
■aembrane  above  the  muscle  itself  being  also  well  provided  with  bloodvessels. 

Th«  connective  tis.Hue  which  occupies  the  whole  of  the  narrow  irregular 
xoiie  between  the  basement  membrane  above  and  the  nuiscutarfs  mucosa? 
below,  except  for  the  space  taken  up  by  the  bloodvessels  and  definite  lym- 
phatic vessels  (of  which  we  shall  presently  speak),  is  of  a  kind  which,  though 
It  is  Dot  quite  the  same  in  the  villi  as  elsewhere,  is  on  the  whole  closely  allied 
to  tbe  kind  known  under  the  various  names 
of  retiform  or  retirtUar  connective  tissue, 
aHmoxd  tissue  or  lynnphoid  tissue,  and  in- 
deed is  often  called  by  one  or  other  of 
these  names.     [Fig.  llo.] 

Typical  adenoid  tisue  such  as  is  met 
with  in  the  lymphatic  follicles  of  the  in- 
testine, of  which  we  shall  presently  have 
to  apeak,  in  lymphatic  glands  and  else- 
where, presents  the  apjiearance  of  a  fine, 
I,  and  fairly  regular  network,  with 
'JttWhw  so  small  as  not  to  aflbnl  room  for 
SMire  than  one  or  two  leucocytes  in  each 
apeab.  The  bars  of  the  network  are  deli- 
cate fibres  composed  of  material  which  is 
mntlar  to,  if  not  identical  with,  that  of 
tbe  fibrillie  of  ordinary  connective  tissue. 
At  the  nodal  jMiints  of  the  network  thick- 
enings are  frecjuently  but  not  always  pres- 
kdL,  and  some  of  the  more  conspicuous  of 
thicken  tngs  may  contain  nuclei  either 
apherical  in  form  or  more  or  less  mis- 
shapen ;  but  such  nuclei  are  not  numerous. 
Adaooid  tiamje.  in  fact,  is  composed  of 
■sattomomng  branched  cells,  the  greater  part  of  the  cell  in  most  cases,  and 
indeed  tbe  whole  of  the  cell  in  some  cases,  having  been  transformed  into 


TftoAi-sKCTioN  OK  A  AMALi.  rRAautcirr  or 

THE  MUOOtre  MSMDRAyR  OF  TBI  I5TEB- 
TUm.  Wl'LlTUIKO  OKK  KJfTIRC  CBYn  OF 
LlKflERKiinTi  AtVDFAE'raor  THHKE  OTHXItK. 

\  MAfiilflod  400  df unetcn.) 

a.  cavity  of  tbe  tubnl&r  glands  or  crypti' : 
b,  one  uf  tlie  litiluK  v(ilibeliM.I  oolte  :  c.  iho 
liiteiYtandaUr  or  Adenoid  tlaue ;  d,  \jmp\i. 
cells.] 
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filamenLoiis  procesaes  of  a  differentiated  nature,  which  join  freely  with  each 
other  and  with  the  like  proceaaes  of  other  cells  t«  form  a  fine  regular  net- 
wurk,  a  portion  only  of  the  cell,  Ktiiiietinicfi  with  and  sumetimes  without  its 
nucleus  (this  having  disapjwared)  being  left  to  form  a  nodal  thickening. 

It  may  be  regarded  a^  a  lesa  develo(>ed  form  of  connective  tissue  than  the 
white  fibrous  or  the  ordinary  areolar  connective  tissue.  In  the  earlier  stage 
of  its  development  in  the  embryo  connective  tissue  of  all  kindd  is  repre- 
seute<l  by  a  number  of  nucleated  granular  protoplasmic  cells  lying  in  a  fluid 
or  nearly  fluid  matrix.  The  cell-br>die8  are  branched,  the  branches  joining 
together  at  intervals  to  form  a  network.  lu  the  development  of  ordinary 
connective  tissue  the  outer  portion  of  the  cell-body  of  some  of  the  cells  is 
converted  into  or  at  lea^l  gives  ri.se  to  fibrillar  gelatiniferous  material,  or  the 
whole  of  it  may  be  so  converted,  the  rest  of  the  cell  or  other  cells  being 
lefl  as  connective-tissue  corpuscles.  In  a<lenoid  tissue  the  cells  remain  as 
branched  cells  joining  into  a  network,  and  the  cell-substance  is  not  in  any 
part  tran.sfornied  into  bundles  of  fibrillie,  though  it  bus  undergone,  besides 
an  increase  in  its  branching,  in  part  at  nil  events,  a  chemioal  transforma- 
tion, since  the  material  forming  the  bars  of  the  network  is  in  a  large  measure 
no  longer  ordinary  ^'protoplasmic"  cell-substanco.  The  meshes  of  typical 
adenoid  tissue  are  always  crowded  with,  and  practically  tilled  up  by,  leu- 
cocytes of  various  sizes  ;  it  is  only  with  very  great  difficulty  that  the  network 
can  be  obtained  free  from  them. 

The  connective  tissue  occupying  the  spaces  between  and  below  the  glands 
of  Lieberkiihn  is  very  similar  to  adenoid  ti.-^ue,  inasmuch  as  it  presents  a 
network  of  *lelicate  libres;  but  the  meshes  are  somewhat  larger  and  more 
irregular  than  th-ii^e  of  true  adenoid  tissue,  and  though  they  contjiin,  are 
not  crowded  with,  leucocytes;  the  amount  of  cell-substance  left  at  some  of 
the  nodal  tioints  is  greater,  nuclei  are  nmre  abundant,  and  some  of  the  pro- 
ceases  of  ihe  cells  forming  the  bars  of  the  network  are  ilat  expansions  rather 
than  fibres.  It  la  on  the  whole,  therefore,  somewhat  different  from  the  typical 
adenoid  tissue  of  lymphatic  structures,  and  though  it  is  often  spoken  of 
under  the  same  name  as  that  tissue,  it  will  be  convenient  to  distinguish  it 
by  some  term  ;  it  might  be  called  reiieular  tissue. 

The  tissue  which  fills  up  the  body  of  a  villus  differs  still  more  from  true 
adenoid  tissue;  it  is  formed  of  branching  cells  which  have  for  the  most  part 
retained  their  nuclei  and  a  Inrger  amount  of  cell-suh-^tJince  round  each 
nucleus;  the  proce«es  are  partly  membranous,  pitrtly  fibres,  and  8*)me  of 
them  exhibit  a  tendency  to  form  minute  bundles  uf  fibrillie.  It  is  inter- 
mediate between  adenoid  tissue  and  ordinary  connective  tissue,  and  may 
perhaps  be  described  as  forming  a  loose,  somewhat  o]>en  spongework  rather 
than  a  network. 

Lying  loose  in  the  meshes  of  this  peculiar  reticular  connective  tissue,  both 
in  the  villi  and  elsewhere,  are  seen  bodies  having  the  general  characters  of 
white  blood-corpuacles  (see  §  31),  which,  though  they  are  probably  not  all 
of  the  same  kind,  we  may  speak  of  uuder  the  term  of  leucocytes.  Some- 
times these  are  scanty,  but  often  are  very  numerous.  This  reticular  con- 
nective tissue  forms,  in  fact,  a  labyrinth  of  irregular  passagefl  which  are 
occupied  by  tluid,  but  through  which  leucocytes  can  wander  to  and  fro.  We 
shall  later  on  point  out  that  this  labyrinth  of  passages  is  associated  in  a  par- 
ticular manner  with  the  lymphatic  vessels,  and  that  the  fluid  occupying  the 
spaces  is  in  reality  lymph.  Indeed,  this  tissue  ought  perhrti)s  to  be  regarded 
as  part  of  the  lymphatic  system. 

The  basemeiil  niembnine  spoken  of  above  appears  to  be  formed  largely,  at 
least  over  the  villi,  by  the  expanded  ends  of  fibres  of  the  reticulum,  which, 
reaching  the  surface  from  below,  spread  out  laterally  beneath  the  epithelium, 
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«ad  Imng  joined  by  a  certain  number  of  cells  lying  flat  on  the  Bur&ce,  form 
together  a  sheet  which  is  not  continuous  but  discotitinut>u»,  being  broken  by 
openings  through  which  the  basee  of  the  cells  of  the  epithelium  are  brought 
into  contact  with  the  fluid  occupying  the  spaces  of  the  reticulum  below. 

^  261,  The  viUi.  The  villi  vary  in  size  and  form  in  different  animals,  and 
in  ditierent  parts  of  the  intestine  in  the  same  animal ;  each  villus,  moreover, 
va.ri««  in  form  at  diflerent  times ;  they  may  be  generally  described  as  having 
the  shape  of  a  flattened  tioger,  but  are  frequently  broader  at  the  free  end 
than  at  the  base ;  they  have,  in  man,  a  length  of  about  1  mm.  and  a  breadth 
of  from  0.2  mm.  to  0.5  mm. 

Each  villus  consists  of  a  hody  of  reticular  tissue,  the  outer  surface  form- 
iDg,  aa  explained  above,  a  basement  membrane,  which  is  covered  by  a  single 
layer  of  epiUielium  cells.  [Fig.  116.]  Two  kinds  of  cells,  that  ie,  cells  pre- 
■etitjng  two  sets  of  characters,  make  up  this  single  layer  of  epithelium. 

LPI0.U6. 


A,  ViLLn  or  Shkbp;  B,  Vilu  or  Ham.    (dli^bUy  altered  from  TncaxAXM.) 
nf  lotesUue  sbowli^  colamnar  cpliheliam  cmvering  Uiem ;  also  adeoold  Uwoe,  baring  in  lis 
■■dkw  thfi  dark  voMla,  vblcb  are  portal  cnplllarlei,  and  a  laoteal  appearlag  aa  a  while  loop.] 

One  kind  b  a  columnar  or  conical  cell  [Fig.  117],  with  its  broader  end 
Ibminff  part  of  the  free  surface  of  the  villus,  and  its  narrow  end  resting 
on  or  oiling  up  a  gap  in  the  basement  membrane.  The  greater  part  of  the 
c«ll-body  is  formed  of  the  kind  of  "granular*'  cell  suhiitAnce  spoken  of  as 
protoplaamic,  but  differs  in  appearance  and  condition  according  to  circum- 
■tauoes;  theae  variaticms  we  shall  studv  separately.  An  oval  nucleus  ia 
placed  vertically  at  about  the  lower  thira  of  the  cell.  At  the  free  border  of 
each  cell  the  granular  cell-eubstauce  changes  to  a  narrow  band  of  clear 
hyaline  refractive  material  marked,  in  many  prepared  specimens  and  ofiea 
eren  in  the  fresh  state,  with  fine  vertical  lines  so  as  to  appear  striated  ver- 
tically or  rather  radially;    in  a  section  of  a  villus,  optical    or   actual,  the 
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whole  villus  seeme  to  be   surrounded  by  a  band  of  this  clear  refractive 
material. 

A  ciliated  epithelium  bears,  as  we  have  seen  (*i  93),  a  similar  hyaliue  re- 
fractive border  from  which  the  cilia  project  and  with  which  they  are  con- 
nected, but  which  does  not  share  in  the  movements  of  the  cilia  belonging  lo 
it,  remaining  unchanged  iu  form  while  thei*e  are  moving;  it8  exact  nature 
is  at  present  uncertain.  The  refractive  border  of  a  columnar  cell  of  a  villus 
ditfers  from  the  similar  border  of  a  ciliated  cell  in  that  on  the  one  hand  it 
never,  in  vertebrates,  bears  cilia,  and  on  the  other  hand  does  under  certain 
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circumstances  change  its  form.  The  striation  spoken  of  above  appears  to 
be  due  to  llie  fact  that  the  border  is  composed  of  a  number  of  rods  imbedded 
side  by  side  in  a  substance  which  is  sornetimes  of  the  same  refractive  power 
as  the  rods»  iu  which  case  the  whole  border  appears  homogeneous,  but  which 
is  sometimcH  of  different  refractive  p(jwer,  in  which  case  the  striation  is  dis- 
tinct. The  nids,  which  are  thought  by  some  to  be  hyaline  processes  of  the 
underlying  ceH-aubstance  projecting  into  the  above-mentioned  cement-sub- 
stance, are  sometimes  long  and  ihin,  sometimes  short  and  thick,  the  whole 
border  being  iu  the  former  case  narrow,  in  the  latter  broad.  Under  the  in- 
iluence  of  reagents  or  of  circumstances  the  one  condition  may  change  into 
the  other,  and  the  change  seems  to  be  an  active  not  a  passive  process,  since 
it  will  only  take  jdacc  ho  long  as  the  cells  are  alive.  This  refractive  border 
of  the  columnar  cell  of  a  villus  is  obviously  a  peculiar  and  presumably  an 
important  structure. 

Si  262.  Mixed  in  varying  proportion  with  the  columnar  cells  possessing 
this  characteristic  hyaline  border  are  cells  of  another  kind,  the  f^oblet  cdU- 
[Fig.  118.]  These  are  essentially  mucous  celU  ;  iu  all  their  important  char- 
acters they  resemble  the  nuicous  cells  previously  described  {§  235 1,  but 
receive  their  special  name  because  in  shape  they  usually  resemble  a  goblet 
or  flask.  In  a  hardened  and  prepared  specimen  of  a  villus  numerous  goblet 
cells  may  be  seen  scattered  among  and  surrounded  by  columnar  cells.  Each 
goblet  ceil  has  a  base,  olleu  irregular  and  sometimee  brauchcil,  lying  on  or 
near  the  basement  membrane,  and  a  top  which  reaches  the  surface  of  the 
villus  between  the  refractive  borders  of  the  neighboring  columnar  cells. 
Near  the  base  is  placed  a  nucleus,  generally  disc-shaped,  owing  to  the  action 
of  the  reagent,  surrounded  by  a  small  quantity  of  staining  protoplasmic 
cell-substance.  Above  this  the  cell  consists  of  a  mass  of  transparent  mucin 
lying  in  the  meshes  of  a  delicate  reticulum,  and  surrounded  by  a  thin  layer 
or  envelo|)e  which  is  prolonged  upward  from  the  cell-substance  below,  and 
which  on  the  top  or  free  surface  of  the  cell  usually  bears  a  distinct  round 
oriBce  or  mouth.  The  upper  part  of  the  cell  is  consequently  a  sort  of  cup 
filled  with  mucin  (and  reticulum)  ami  opening  into  thtMuterior  of  the  in- 
testine by  a  somewhat  narruw  mouth,  through  which  the  mucin  in  due  time 
escapes. 
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Id  a  villua  examined  quite  fresh  iu  normal  saline  solution  some  ot*  thc^e 
gohlet  cella  may  be  observed  iu  a  coadition  which  has  been  deacribed  (§  li^iS) 
MB  the  normal  cundiliun  of  a  mucous  cell.  The  cell  is  then  cylindrical  or 
oval  rather  than  distinctly  flask-shaped,  and  the  upi>er  part  of  the  cell  cou- 
BwU  of  cell-substance  studded  with  granules  and  spherules,  the  transparent 
macin  being  absent  and  the  mouth  not  visible.  Hut  iu  perfectly  fresh  villi, 
i«tl  under  even  the  roost  favorable  conditions,  many  if  not  roost  of  the 
goblet  cells  will  be  seen  to  have  become  goblet-shaped,  to  have  already 
Dodergone  the  transfbrroation  into  transparent  mucin  and  reticulum,  and  to 
kare  acquired  a  mouth.  Id  such  cases  the  clear  transparent  body  of  a 
goblet  cell  stands  out  in  strong  contract  with  the  more  dim  granular  bodies 
of  tbe  columnar  cells  which  surround  it,  both  when  they  are  seen  on  their 
side  mod  when  they  are  looked  at  from  above.  In  the  latter  ease,  wheu  the 
mieroecope  is  focuasfd  for  a  point  a  little  below  the  free  surface  of  the  villus, 
Uie  goblet  cells  look  like  round  clear  droplets  scattered  iu  the  dim  ground 
teaed  by  the  columnar  cells.  A  similar  amtrast  is  atlorded  by  prepared 
ipedmens  stained  with  carmine  and  certain  other  dies,  which  leave  the  trans- 
pareot  muciu  unstained.  Under  certain  methods  or  conditions  of  hardening, 
nowever.  and  with  certain  dyes,  as  with  btematoxylin^  the  mucin  may  stain 
a«  deeply  or  even  more  deeply  than  iia  surroundings. 

Obviously  these  goblet  cells  are  simply  mucous  cells  somewhat  modified 
by  reason  of  their  position.  They  are  not  hidden  in  the  recesses  of  an 
alveolus  like  salivary  mucous  cells ;  they  do  nut  form  a  layer  by  themselves 
like  the  gastric  mucous  cells,  but  are  scattered  among  other  cells  carrying 
00  important  functions.  Uence  apparently  their  shape  of  a  goblet  and  their 
vell-detined  mouth.  A  goblet  cell  to  start  with  la  a  cell  of  a  more  or  less 
columnar  form  and  ordinary  protoplasmic  cell-substance.  The  cell-substance 
manufactures  and  becomes  studded  with  granules  or  spherules  which  very 
speedily  give  rise  to  mucin,  the  cell  swollen  with  its  load  assumes  a  goblet 
so*pe,  and  the  formation  of  a  mouth  in  the  space  between  the  converging 
raifrmctive  borders  of  neighboring  columnar  cells  assists  in  the  discharge  of 
tbe  load. 

The  columnar  cells  of  the  villus  are,  as  we  shall  see,  chiefly  occupied  in 
the  reception  of  material  fmm  the  intestine  into  the  bo<ly  of  the  villus;  the 
goblet  cells  are  chiefly  occupied  in  secreting  into  the  interior  of  the  intestine 
aacio  and  pooeibly  some  oi  the  constituents  of  the  succus  entericus. 

Below  this  layer  of  columnar  and  goblet  cells  extends  the  thin  basement 
Bcmbraoe,  above  which,  between  the  bases  of  the  other  cells,  may  be  seen 
•mall  cells,  that  is  to  say.  cells  with  a  relatively  small  quantity  of  cell- 
aaiMtance  round  the  nucleus  ;  these  have  been  taken  to  be  reserve  or  replace- 
ment cells.  But  at  times  clearly  recognizable  leucocytes  may  be  seen  be- 
ifrara  the  columnar  cells;  these  have  probably  wandered  into  the  epithelium 
hum  the  body  of  the  villus;  and  it  may  be  that  some  of  the  small  cells  in 
qa««tinn  are  of  an  allied  nature. 

§  263,  The  centre  or  rather  the  axis  of  the  body  of  the  villus  is  occupied 
by  a  rlub-«haped  space,  sometimes  bifurcate  or  even  branched  at  the  distal 
«od,  varying  indeed  a  great  deal  in  diflerent  animals.  This  is  the  central 
Irmphatic  apace  or  "  lacteal  radicale/'  as  it  has  been  called,  which  may  be 
filu  vritb  fatty  or  other  material,  or,  as  more  frequently  is  seen  in  hardened 
prapvatioDs,  may  be  empty  and  collapsed.  It  is  lined  with  epithelioid 
platca,  and  is  at  the  base  of  the  villus  continuous  with  the  lymphatic  pas- 
MgM  and  vessels  of  the  mucous  rneuibraue.  It  will  be  convenient  U-)  defer 
ibe  ftirtber  study  of  this  lyiuphatic  space  until  we  come  to  deal  with  the 
Ijrniphuties  generally. 

Between  Uiis  lymph-space  and  the  basement  meDibrane,  generally  oloM 
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underoeatli  the  latter,  lies  a  fairly  close-set  network  of  capillary  vessels, 
especially  well  developed  toward  the  upper  part  of  the  villus.  This  network 
is  fed  by  generally  one  small  artery  which,  springing  from  the  arteries  of 
the  suhnmcoufi  tissue^  splits  up  into  capillaricfi  toward  the  middle  of  the 
villus;  and  the  blood  of  the  cfipillaries  passes  into  veins,  generally  two, 
which  in  a  similar  manner  pass  down  to  the  veioH  uf  the  submucous  tissue. 

Between  the  basement  membrane  and  the  central  lymph-space  are  also 
found  a  number  of  plain  muscular  fibres,  some  running:  Hingly,  others  form- 
ing  small  buadlea  of  two  or  three  lihre^  abreast.  These  vary  much  in 
number  and  dispoaition  in  different  animals.  Some  of  them  lie  close  under 
and  end  iu  the  basement  membrane;  others  lie  nearer  the  lymph-space,  to 
which  in  some  animals  they  form  a  sort  of  muscular  sheath.  These  fibres 
belong  to  the  muacularis  mucosie ;  at  ihe  base  of  the  villus  the  fibres  of  the 
muBcularis  mucoste  take  an  upward  course,  passing  between  the  adjacent 
crypts  of  Lieberkiihn,  and  run  into  the  villus,  following  most  commonly  a 
longitudinal  but  sometimes  a  more  or  leas  oblique  or  even  a  transverse 
direction.  By  the  conlrftction  of  these  fibres  the  form  of  the  villus  can  be 
changed;  but  we  shall  return  to  this  point  when  we  come  to  speak  of  the 
absorption  nf  digested  material  by  meanft  of  the  villi. 

All  the  space  intervening  between  the  basement  membrane  and  the  central 
lymph-8pac«  which  is  not  taken  up  by  the  bloodvessels  and  the  muscular 
fibres  ia  occupied  by  the  special  kind  of  reticular  connective  tissue  described 
above  (^  200)»  the  meshes  of  which  are  to  a  greater  or  less  extent  occupied 
by  leucocytes.  On  the  outer  surface  of  the  body  of  the  villus  this  reticular 
tissue  is  connected  with,  and  indeed  as  we  have  seen  forms  the  baaement 
membrane  ;  in  the  centre  it  forma  around  the  epithelioid  plates  of  the 
lyraph-Bpace  the  walls  of  that  cavity,  and  supplies  a  similar  bed  for  the 
blood  capillaries  ;  the  fiue  connective  tissues  belougiug  t«  the  small  bundles 
of  muscular  fibres  is  coDtinui»us  with  tt,  and  some  of  the  muscular  fibres 
seem  to  end  in  it;  to  it  also  is  attached  the  connective  tissue  of  the  outer 
walla  of  the  small  artery  and  veins.  The  body  nf  the  villus  is  in  fact  a 
Bponge-work  of  reticular  tissue  in  which  are  evacuated  the  lymph-space  and 
the  bluod  chauueld  with  their  respective  liuingH.  into  which  the  plain  mus- 
cular fibres  plunge,  and  which  is  condensed  on  the  outside  into  a  basement 
juembraae^  The  mealies  of  the  sponge-work  are  further  occupied,  as  we 
have  said,  with  leucocytes  or  with  nucleated  cells  of  an  allied  but  ditierent 
nature;  hence  in  ordinary  stained  specimens,  uot  specially  prepared,  the 
lymph-space  and  blood  channels  being  cfjllaj)sed,  the  whole  body  of  the 
villus  appears  a  confused  muss  of  nuclei ;  there  are  the  nuclei  of  the  mus- 
cular fibres,  the  nuclei  of  the  epithelioid  plates  of  the  lymph-snace  and 
capillaries  and  of  the  other  coats  of  the  artery  and  veins,  the  nuclei  of  the 
leucocytes  in  the  meshes,  and  lastly  the  nuclei  belonging  to  the  reticular 
tissue  itself. 

The  thickness  of  the  body  of  the  villus,  that  ia  to  say  the  amount  of 
reticular  and  of  the  rttber  tissues  lyin^'  between  the  bases  of  the  epithelium 
cells  and  the  central  lymph-space,  varies  iu  dilferent  rtninials,  being  for  in- 
stance consiiierable  in  the  dog  and  small  in  the  rabbit ;  in  the  latter  animal 
the  muscular  fibres  are  very  scanty. 

!?  264.  Tfie  crypts  or  glattde  of  Lieherkuhn.  These  are  found  everywhere 
along  the  whole  length  of  the  small  intestine  from  the  immediate  vicinity  of 
the  pylorus  to  the  ileo-ctecal  valve,  except  immediately  underneath  each 
villus,  and  iu  the  spots  occupied  by  the  lymphatic  follicles  of  which  we  shall 
presently  speak.  The  mucou^i  membrane  of  the  small  Intestine  is  in  fact  to 
a  very  large  extent  made  up  of  a  number  of  these  short  tubular  glands 
placed  aide  by  side  and  packed  closely  together,  though  not  so  closely  as  the 
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■omtiwbat  Biiuilarly  arranged  cardiac  glands  of  the  stomach ;  these  glands 
form  the  greater  part  of  the  thickness  of  the  intestinal  mucous  tnemorane, 
ftnd  the  muscularis  mucosie  runs  in  a  fairly  even  line  at  soue  little  distance 
below  iheni.  that  is  outside  their  blind  ends.  Kach  gland  is  a  strnight  or 
De*rlj  straight  tube,  rarely  dividing,  about  400  li  long  and  70  /*  broad.  The 
outline  is  furnished  by  a  very  distinct  basement  membrane,  in  which  nuclei 
imbedded   at   intervals,  and   thie  basement  membrane  is  lined  with  a 

gle  layer  uf  short  cubical  cells,  leaving  a  sttiaJl  but  distinct  lumen  ;  the 
oeila  should  perhaps  be  rather  described  as  somewhat  conical,  with  a  broader 
bA*e  at  the  basement  membrane  and  a  narrower  apex  abutting  on  the 
lumen.  The  cell  body,  surrounding  a  somewhat  spherical  nucleus,  is  faintly 
gr&Qular  except  for  a  hyaline  free  border,  which,  however,  is  not  so  con- 
spicuous or  so  constant  as  in  the  columnar  cells  of  the  villi.  Similar  cells 
cover  ihe  ridges  intervening  between  adjacent  glands,  and  where  a  villus 
ooCDCfl  next  to  a  gland  the  snort  cubical  cells  of  the  gland  may  be  traced 
ioto  columnar  cells  of  the  villus,  the  hyaline  border  becoming  more  marked 
sod  the  nucleus  becoming  oval.  Among  the  cubical  cells  of  the  gland  are 
to  be  found,  in  varying  numbers,  goblet  cells  quite  similar  to  those  of  the 
Tilli.  It  sometimes  happens  that  during  the  preparation  of  a  specimen  the 
whole  epithelium  is  shed  en  raame^  the  cells  being  much  more  adherent  to 
each  other  than  to  the  basement  membrane:  in  such  a  case  the  features  of 
the  basement  membrane  are  well  seen. 

Outside  the  basement  membrane,  between  adjacent  glands  and  between 
the  blind  ends  of  the  glands  and  the  underlying  muscularia  mucosro,  ia 
reticular  connective  tissue,  finer  and  more  truly  reticular  than  that  of  the 
rilii ;  it  is  perhaps  less  crowded  with  leucocytes.  In  this  reticular  tissue 
run,  eacircltng  the  glands,  capillary  bloodvessels  supplied  by  small  arteries 
coming  from  the  submucous  tissue,  and  pouring  their  bIoo<l  into  correspond- 
tiurTeuis,  and  with  this  reticular  tissue  lymphatics  are  connected. 

jImm  glands  of  Lieberkiihn  are  supposed  to  furnish  the  succus  entericus. 
The  reasons  for  this  view  lie  in  their  tubular  form^  which  is  that  of  many 
McreCiDg  glands,  in  their  lumen  being 
too  narrow  for  the  passage  of  food 
into  it)  and  in  the  fact  that,  as  we  shall 
see,  they  unlike  the  columnar  cells 
of  the  villi  are  not  concerned  in  the 
ftfaaorption  of  fat;  otherwise  there  are 
BO  definite  facts  to  prove  that  the 
oobieal  cells  are  concerned  in  secre- 
tioQ  only  or  that  they  may  not  absorb 
matter  other  than  fat.  The  goblet 
cells  In  these  glands  as  in  the  villi 
cetuunly  secrete  mucus,  and  may  se- 
crete also  some  of  the  constituents  of 
the  succus  entericus. 

Besides  these  glands  properly  ao 
called,  that  is  to  say  involutions  of  the 
epithelial  ( hypoblai^tic)  mucous  mem- 
brane, there  are  found  in  the  mucous 
BsaBDbraoe  bodies  belonging  to  the 
hnnphatic  system  also  often  called  glands,  viz.,  the  solitary  glands  and 
toe  agroinated  glands  or  patches  of  Feyer.  We  shall  s|>eak  of  these  as 
lymphatic  follicles,  and  it  will  be  convenient  to  study  them  separately  in 
ccioopction  with  the  lymphatic  system. 

265.  Immediately  below  the  pylorus  in  man,  but  varying  somewhat  in 
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position  in  difTerent  animals,  are  the  glands  of  Bruuner  L^'g-  ^^9],  These 
may  be  regarded  as  raodihcationB  of  the  pyloric  glands  of  the  stomach.  In 
each  glaud  a  duct,  lined  with  ^hort  c(^lumnar  epithelium  cells  leaving  a 
distinct  lumen,  extends  single  for  some  diatanee,  and  piercing  the  muscularis 
niucosrc  divides  in  the  submucous  tissue  into  a  number  of  tubes,  which 
subdividing  take  a  twisted  course  and  end  in  slight  enlargements  or  alveoli. 
The  cells  lining  both  the  branching  tubes  and  the  alveoli  are  short  cubical 
cells  >vith  au  indistinct  outline^  similar  to.  hut  in  a  fret>h  condition  more 
distinctly  granular  than  the  cells  of  the  gastric  pyloric  glands.  Bundles  of 
plain  muscular  fibres,  stragglers  from  the  muscularis  mucosa),  are  scattered 
among  the  tubes. 

These  glands  of  Brunner  when  traced  back  to  the  stomach  are  found 
to  pai«  gra<luully  into  the  pyloric  glands;  tnice(f  along  the  intestine  they 
soon  disanpear  ;  the  ducts  of  those  glands  which  reach  into  the  duo<lenum  so 
far  as  to  ne  found  in  company  with  the  glands  of  Lieberkiihn  and  villi,  open 
into  the  hiniina  of  the  former. 

It  is  not  clear  that  any  special  purpose  is  served  by  those  glands  of  Brun- 
ner;  au  extract  of  the  glands  is  satd  to  digest  librin  in  the  |jreseuce  of  acid. 


The  Large  Intestine. 


§  26B-  The  general  plan  of  structure  of  the  large  intestine  is  the  same  as 
that  of  the  small  interline,  the  salient  pointa  of  distinction  being  the  absence 
of  villi,  and  a  peculiar  nrrani^ement  of  the  longitudinal  coat. 

Instead  of  being  unifi^rridy  distributed  as  a  thin  layer  over  the  whole 
circumference  of  the  tube  as  in  the  smali  intestine,  the  longitudinal  coat  ifl 
in  the  large  intestine  chiefly  gathered  up  into  three  thickened  bands  or 
bundles,  being  very  thin  elsewhere.  These  bands,  moreover,  are  shorter 
than  what  may  be  called  the  natural  length  of  the  intestine,  so  that  the 
tube  instead  of  being  as  in  the  small  intestine  of  fairly  uniform  bore,  is 
puckered  up  int4^>  *'sacculi  **  more  or  less  divided  by  the  three  bands  into 
groups  of  three.  This  sacculated  arrangement  answen*  much  the  same  pur- 
po«e  as  the  arrangement  of  valvulaeconniventes  in  the  small  inte-stine.  The 
circular  muscular  layer  is  thicker  in  the  middfe  or  bellies  of  the  sacculi 
than  at  the  puckers,  where  it  is  very  thin. 

The  villi,  as  we  have  just  said,  are  wholly  absent.  In  the  lower  part  of 
the  small  intestiae  they  become  fewer  and  smaller,  and  none  at  all  are  found 
beyond  the  ileo-cfocal  valve.  An  inerea-^o  of  surface  is  provided  hy  longi- 
tudinal ridges,  but  these,  like  the  corresponding  rugse  of  the  stomach,  involve 
the  whole  mucous  membrane,  including  part  of  the  submucous  tis-sue. 

The  glands  of  Lieberkiihn  in  the  large  intestine  are  in  the  main  like  those 
of  the  small  iutesline,  but  larger  and  better  develojied,  being  both  deeper 
and  broader,  and  owing  to  the  absence  of  villi  are  more  easily  studied.  The 
cells  of  the  glands  have  the  same  characters  as  in  the  small  intestine,  except 
that  the  hyaline  border  is  rarely  present;  goblet  cells  are,  perhaps,  more 
abundant  than  even  in  the  small  intestine,  especially  in  some  animals.  On 
the  ridgca  between  the  glands  the  cells  become  longer  and  thinner,  and  the 
hyaline  border,  frequently  striated,  makes  its  appearance.  The  marked 
development  of  these  glands  in  the  large  intestine  is  noteworthy  since,  as  we 
shall  see,  ubsorptiim  of  material,  and  not  the  secretion  of  digestive  juice, 
is  the  characteristic  work  of  the  liirge  intestine.  It  can  scarcely  be  imagined 
that  absorption  takes  place  only  at  the  ridges  between  the  glands,  and  not 
by  the  immensely  larger  amount  of  surface  which  is  presented  by  the 
interiors  of  all  the  glands  together ;  but  if  these  glands  absorb  in  the  large 
intestine,  they  probably  act  in  the  same  way  in  the  small  intestine. 
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Lpymphatic  follicles  are  abundaal  iu  the  large  iulestiue,  the  <5u:cuni  and 
tlly  the  ap|M>ndix  vermiformia  being  crowded  with  solitary  follicles, 

i«  (Mtches  of  Peyer  are  absent. 

Is  267.  Tke  rcrlum.  Ah  the  sigmoid  flexure  passes  into  the  rectum  the  three 
ImukU  uf  the  lougitudinal  muscular  coat  spread  out  and  become  once  more  a 
lioifnrm  layer,  aud  with  \\m  change  the  sacculation  disappears.  This  longi- 
tudinal coat  is  ci>ntiniied  to  the  anus,  where  it  ends  abruptly.  The  circular 
coat  at  it«  termination  at  the  anus  is  developed  into  a  distinct  ring,  the 
iatenml  Bphincter. 

The  mucous  membrane  is  thrown  into  numerous  folds  or  ridges  which 
below  are  lougitudinal.  but  higher  up  oblique  or  even  trausverseiu  direction; 
ta  permit  the  formation  of  these  folds,  which  are  obliterated  when  the  rectum 
u  fully  distended,  the  submucous  tissue  is  more  abundant  and  more  loosely 
developed  than  in  the  rest  of  the  intestine. 

Down  to  the  margin  of  the  anus  the  raucous  membrane  retains  the  char- 
AClers  of  the  large  intestine,  glands  being  still  present ;  it  then  abruptly  puts 
OD  the  epiblaatic  characters  of  the  epidermis.  The  rectum  has  a  special 
DerTotu  supply,  but  of  this  we  shall  speak  in  connection  with  the  movementa 
of  the  aiimentar^'  canal. 


The  Muscular  Mechanisms  of  Digestion. 
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$868.  From  its  entrance  into  the  mouth  until  such  remnant  of  it  aa  is 
undigested  leaves  the  body,  the  food  is  continually  subjected  to  movementa 
hariDg  for  their  object  the  trituration  of  the  food  as  in  mastication,  or  its 
mora  complete  mixture  with  ttie  digestive  juices,  or  its  forward  progreai 
through  the  alimentary  canal.  These  various  movements  may  briefly  be 
cooiidered  in  detail : 

MaMtieation.  This  in  man  consiatB  chiefly  of  an  up-and-down  movement 
of  the  lower  jaw,  combined  in  the  grinding  action  of  the  molar  teeth,  with 
a  certain  amount  of  lateral  fore-and-atl  movement.  The  lower  jaw  is  raised 
br  means  of  the  temporal,  massctcr,  and  internal  pterygoid  muscles.  The 
•lighter  eflbrt  at  depression  brings  into  action  chiefly  the  digastric  muscle, 
Ihough  the  mylo-hyoid  and  genio-hyoid  probably  share  in  the  matter.  Con- 
traction of  the  external  pterygoids  pulln  fiirward  the  condyles  and  thrusts 
the  lower  teeth  in  front  of  the  upper.  Contraction  of  the  pterygoids  on  one 
■wie  will  also  throw  the  teeth  on  to  the  opposite  side.  The  tower  horizontally 
placed  fibres  of  the  temporal  serve  to  retract  the  jaw. 

Dunne  mastication  the  f(H>d  is  moved  to  aud  fro  and  rolled  about  by  the 
t  :  ra  of  the  tongue.     These  are  aflected  by  the  muscles  of  that  organ 

•  l>y  the  hypoglossal  nerve. 
The  act  of  ma.-4tication  is  a  voluntary  one,  guided  as  are  so  many  voIud- 
acts,  not  only  by  muscular  sense,  but  also  by  contact  senaatioua.     The 
otor  fibres  of  the  fifth  cranial  nerve  convey  motor  impulses  from  the  brain 
the  above-mentioned  muscles;  but  paralysis  of  the  sensory  flbres  of  the 
me  oerve  rentiers  mastication  difficult  by  depriving  the  will  of  the  aid  of 
the  usual  sensations. 

$869.  Deglutition^  The  food  when  sufficiently  masticated  is,  by  the 
jBoremeata  of  the  tongue,  gathered  up  into  a  bolus  on  the  middle  of  the 
pper  surface  of  that  organ.  The  front  of  the  tongue  being  raised — partly 
J  its  intrinsic  muscles  and  partly  by  the  stylo-glossua — the  bolut;  is  thrust 
k  between  the  tongue  and  the  palate  through  the  anterior  pillars  of  the 
cce  or  isthmus  faucium.  Imme<]iately  before  it  arrives  there  the  soft 
is  raised  by  the  levator  paluti,  and  so  brought  to  touch  the  pueterior 
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wall  of  the  pharynx,  which,  by  the  contraction  of  the  upper  margiD  of  the 
superior  constrictor  of  the  pharynx,  bulges  somewhat  forward.  The  elevation 
uf  the  soft  palate  causes  a  distinct  rise  of  pressure  in  the  nasal  chambers ; 
this  can  be  shown  by  introducing  a  water  manometer  into  one  nostril  and 
closing  the  other  just  previous  to  swallowing.  By  the  contraction  of  the 
palato-pharyngeal  muscles  which  lie  in  the  poeteriur  pillars  of  the  fauces  the 
curved  edges  of  those  pillars  are  made  straight,  and  thus  tend  to  meet  in 
the  middle  line,  the  small  gap  between  them  being  filled  up  by  the  uvula. 
Through  these  manceuvrea  trie  entrance  into  the  pi>8terior  nares  is  blocked, 
while  the  soft  palate  is  formed  into  a  sloping  roof,  guiding  the  bolus  down 
the  pharynx.  By  the  contraction  of  the  stylo-pharyngeus  and  palato- 
pharyngeus,  the  funnel-shaped  bag  of  the  pharynx  is  brought  up  to  meet 
the  descending  morsel,  very  much  aa  a  glove  may  be  drawn  up  over  the 
finger. 

Meanwhile  in  the  larynx,  as  shown  by  the  laryngoscope,  the  arytenoid 
cartilages  and  vocal  cords  are  approximated,  the  latter  being  also  raised  so 
that  they  come  very  near  to  the  false  vocal  cords ;  aud  the  cushion  at  the 
base  of  the  epiglottis  covers  the  rima  glottidis,  while  the  epiglottis  itself  is 
depressed  over  the  larynx.  The  thyroid  cartilage  is  now,  by  the  action  of 
the  laryngeal  muscles,  suddenly  raised  up  behind  the  hyoid  bone,  and  thus 
assists  the  epiglottis  to  cover  the  glottis.  This  movement  of  the  thyroid  can 
easily  be  felt  on  the  outside.  Thus,  both  the  entrance  into  the  posterior 
nares  and  that  into  the  larynx  being  ch*aed,  the  impulse  given  to  the  bolus 
by  the  tongue  can  have  no  other  effect  than  to  propel  it  beneath  the  sloping 
soil  palate  over  the  incline  formed  by  the  root  of  the  tongue  aud  the  epiglottis. 
The  palativglosai  or  constrictorcs  isthmi  faucium,  which  lie  in  the  anterior 
pillars  of  the  fauces  by  contracting  close  the  door  behind  the  food  which  has 
passed  them. 

When  the  bolus  of  food  is  large  it  is  received  by  the  middle  and  lower 
constrictors  of  the  pharynx,  which,  contracting  in  sequence  from  above 
downward,  thrust  it  into  the  opsophagua,  along  which  it  is  driven  by  a  similar 
series  of  successive  contractions  which  Ave  shall  speak  of  immediately  as 
peristaltic  action.  This  comparatively  slow  descent  of  the  food  from  the 
pharynx  into  the  stomach  may  be  readily  seen  if  animals  with  long  necks, 
Buch  as  horses  and  dugs,  be  watched  while  swallowing.  When,  however,  the 
morsel  is  not  large,  or  when  the  substance  swallowed  is  liquid,  the  movement 
of  the  back  part  of  the  tongue  may  be  sufficient  not  merely  to  introduce  the 
food  into  the  grasp  of  the  couBtrictors  of  the  pharynx,  but  even  to  propel  it 
rapidly,  to  shoot  it  in  fact,  along  the  lax  fesophagus  before  the  muscles  of  that 
organ  have  time  to  contract.  In  such  a  mode  of  swallowing  the  middle  and 
lower  constrictors  take  little  or  no  part  in  driving  the  food  onward,  though 
they  and  the  te&ophagus  appear  to  contract  from  above  downward  after  the 
food  has  passed  by  them,  as  if  to  complete  the  act  and  to  insure  that  nothing 
has  been  left  behind.  Deglutition  in  this  fashion  still  remains  possible  after 
these  constrictors  have  become  paralyzed  by  eeclion  of  their  motor  nerves. 

When  a  second  net  of  deglutition  succeeds  a  first  with  suflicient  rapidity, 
the  nervous  changes  which  start  the  pharyngeal  movements  of  the  aeooati 
act  appear  to  inhibit  the  cesophageal  movements  of  the  first  act ;  and  when 
swallowing  is  repeated  rapidly  several  times  in  succession,  the  oesopbagui 
remains  quiet  and  lax  during  the  whole  time  until  immediately  after  the  last 
swallow,  when  a  peristaltic  movement  closes  the  series. 

When  the  stethoscope  is  applied  over  the  cesophagus,  at  different  regioDB, 
a  sound  is  heard  during  4legluLitiou  ;  sometimes  tw<»  sounds  are  heard.  The 
first  and  most  constant  is  coincident  with  the  passageof  the  bolus,  and  ia  duv 
to  this  and  to  the  muscular  sound  uf  the  contracting  muscles.     The  later  and 
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coDstaut  sound  appears  to  be  caused  by  a  quantity  of  air-bubblee  with 
ch  tho  bnlua  was  entangled  lodged  at  the  cardiac  end  of  the  a^fiojthaguB, 
l»eing  forced  into. the  Btoitiach  by  the  sequent  peristaltic  contraction  of  the 
OBSophazus. 

It  wUl  l>e  seen  fnim  what  has  been  said  that  deglutition,  though  a  con- 
tinuou:*  act,  may  be  regarded  aa  divided  iutn  three  stages  :  The  tirH  stage  is 
ibe  thrusting  of  the  food  through  the  isthmus  fauciuoi ;  tbia  may  he  either 
of  long  or  short  duration.  The  second  stage  is  the  passage  through  the 
Qpper  part  of  the  pharynx.  Here  the  iuod  traverses  a  regioD  commuu  butb 
to  the  food  and  to  respiration,  and  in  consequence  the  movement  is  as  rapid 
9»  potsible.  The  third  stage  is  the  descent  through  the  grasp  of  the  con- 
fltneton.  Here  the  food  has  passed  the  respiratory  orifice,  and  in  conse- 
quence its  passage  again  becomes  comparatively  slow,  except  in  case  of  fluids 
and  small  morsels,  when,  as  we  have  seen,  it  may  continue  to  be  rapid.  The 
pMULge  along  the  leflophsguB  may,  perhaps,  be  regarded  as  constituting  a 
tburtb  stage;  but  it  will  be  more  convenient  to  consider  the  oesophageal 
movements  by  themselves. 

The  first  stage  in  this  complicated  process  is  undoubtedly  a  voluntary  act. 
The  raising  of  the  soft  palate  and  the  approximation  of  the  posterior  pillars 
may  alsi^  be  at  times  voluntary,  since  they  have  been  seen,  in  a  case  where 
Uie  pharvux  was  laid  bare  by  au  operation,  to  take  place  before  the  Atod 
hail  touched  these  parts  ;  hut  the  movement  may  take  place  without  any 
exercise  of  the  will  and  in  the  absence  of  consciousness.  Indeed,  the  second 
stage,  taken  as  a  whole,  though  some  of  the  earlier  component  movements  arc, 
as  it  were,  on  the  borderland  between  the  voluntary  and  iuvoiuntary  kingdoms, 
roust  be  regarded  as  a  reflex  act.  The  third  and  last  stage,  whatever  oe  the 
exact  form  which  it  takes,  is  undoubtedly  reflex;  the  will  has  no  power 
whatever  over  it,  and  can  neither  originate,  stop,  nor  modify  it. 

Deglutition  in  fact  as  a  whole  is  a  reflex  act;  it  cannot  take  place  unless 
aome  stimulus  be  applied  to  the  mucous  membrane  of  the  fauces.  When  we 
voluntarily  bring  about  swallowing  movements  with  the  mouth  empty,  we 
supply  the  necessary  stimulus  by  forcing  with  the  tongue  a  small  quantity 
of  Miliva  into  the  fauces,  or  by  touching  the  fauces  with  the  tongue  itaelf. 

In  the  reflex  act  of  deglutition,  caused  iu  the  ordinary  way  by  the  food 
cnming  in  contact  with  the  fauces,  the  afferent  impulses  originated  in  the 
fauces  are  carried  up  to  the  nervous  centre  by  the  glossophuryngeal  nerve, 
by  branches  of  the  fifth,  and  by  the  pharyngeal  branches  of  the  superior 
laryngeal  division  of  the  vagus.  The  latter  seem  of  special  importance, 
•inee  the  act  of  swallowing,  quite  apart  from  the  presence  of  food  in  tho 
moQth,  may  be  brought  out  by  centripetal  stimulation  of  the  8U[>erior  laryn- 
geal nerve.  The  efferent  impulses  descend  the  hypoglossal  to  the  muscles 
of  tl»e  tongue,  and  pass  down  the  glosso-pharyugeal,  the  vagus  through  the 
plMryngeal  plexus,  the  fif\h,  and  the  spinal  acceaeory,  to  the  muscles  of  the 
ntuccs  and  pharynx  ;  their  exact  paths  being  as  yet  not  fully  known^  and 
probably  varying  in  different  animals.  The  laryngeal  muscles  are  governed 
Of  the  laryngeal  branches  of  the  vagugt. 

The  centre  of  the  reflex  act  lies  iu  the  medulla  oblongata.  Deglutition 
CAB  be  excited^  by  tickling  the  fauces,  in  an  animal  rendered  unconscious  by 
removal  of  the  brain,  provided  the  medulla  be  left.  If  the  medulla  be  de- 
•tn>Ted,  deglutition  is  impossible.  The  centre  for  deglutition  lies  higher  up 
than  that  of  respiration,  so  that  in  the  diseases  or  injuries  involving  the  upper 
part  of  the  medulla  oblongata,  the  former  act  may  be  impaired  or  rendered 
UBpoesible  while  the  latter  remains  untouched.  It  has  been  said  to  furm 
part  of  the  superior  olivary  bodies,  but  this  view  is  based  on  anatomical 

lunds  only.     We  shall  have  to  deal  with  this  and  similar  matters  in  treat- 
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ing  of  the  central  nervous  ByBtem.  It  is  probable  that,  as  is  the  case  in  so 
nitiuy  other  reflex  acts,  the  whole  movement  can  be  called  forth  by  stimuli 
aft'ecting  the  centre  directly,  and  not  acting  on  the  usual  afferent  nerves. 

§  270.  Peristaltic  movements.  Putting  aside  the  somewhat  coniplicated 
pharyngeal  part  of  deglutition,  and  taking  the  oesophageal  movements  by 
themselves,  we  find  that  these,  together  with  the  movements  of  the  stomach 
and  of  the  small  and  large  intestines  right  down  to  the  anus  are  more  or  leas 
alike,  and  may  be  described  under  the  general  name  of  '*  peristaltic  "  move- 
ments. We  have  already  iu  ??  92  spoken  of  these,  but  it  may  be  well  to 
consider  them  briefly  again  under  a  general  aspect,  before  dwelling  on  the 
special  movements  of  the  several  parts  of  the  alimentary  canal. 

The  muscular  coat  of  the  alimentary  canal  consists,  as  we  have  seen,  of 
two  layers,  separated  more  or  less  distinctly  by  a  sheet  of  connective  tissue, 
au  outer  thinner  longitudinal  layer,  and  an  inner  thicker  circular  layer ;  and 
a  similar  arrangement  obtains  in  nearly  all  the  muscular  hollow  tubes  of  the 
body,  except  the  arteriesjn  which  the  muscular  elements  are  present  not  so 
much  for  the  purpijse  of  driving  the  blood  onward  as  for  the  sake  of  regula- 
ting the  irrigation. 

The  action  of  the  circular  coat  is  fairly  simple.  A  cootractioD  starting  at 
any  part,  travels  onward  in  the  same  direction,  generally  downward,  that  is 
to  say,  from  a  part  nearer  the  mouth  to  a  part  nearer  the  rectum,  for  a 
greater  or  less  distance,  the  circularly  disposed  bundles  contracting  in 
sequence.  The  result  is  a  narrowing  or  couslriclion  of  the  tube  which, 
traveiling  more  or  less  slowly  along  the  tube,  drives  the  contents  onward  ; 
when  a  butcher  empties  the  intestine  of  a  slaughtered  animal  by  squeezing 
it  high  up  with  his  liiind  or  with  hie  thumb  and  finger,  and  carrying  the 
squeezing  actitm  d4>wnwai-d  along  the  length  of  the  Intestine,  he  makes  the 
passive  intestine  do  very  much  what  the  circular  coat  does  actively,  by  con- 
traction, in  the  living  uuimul. 

The  action  of  the  Longitudinal  coat  is  perhaps  not  so  clear;  but  a  contrac- 
tion of  the  longitudinal  coat  taking  place  iu  any  segment  of  the  tube  would 
tend  to  draw  the  tube  over  the  contents  lying  immediately  al)ove,  or  below, 
the  segment,  very  much  as  a  glove  is  drawn  over  a  finger.  And  asucceeeion 
of  such  contractions  travelling  along  the  tube  would  lead  to  a  movement  of 
the  contents  in  the  same  direction.  Were  the  circular  coat  absent  a  longitudinal 
coat  might  by  itself  possibly  suftice  to  propel  the  contents  along  the  tube. 
Id  the  presence  of  the  circular  coat,  the  action  of  the  longitudinal  c^at  in 
any  segment  of  the  tube^  if  taking  place  immediately  before  the  circular 
contraction,  would,  by  tilling  the  segment  with  contents,  render  the  squeezing 
action  of  the  circular  coat  more  efficient ;  if  taking  place  immediately  after 
the  circular  contraction,  it  would  help  iu  quickening  the  return  of  the  tube 
to  its  normal  calibre,  for  the  contraction  of  the  longitudinal  coat  tends  to 
shorten  and  widen  the  segment,  and  thus  would  prepare  it  for  new  contents. 
We  can  hardly  imagine  that  the  two  coats  would  contract  at  the  same  time, 
since  they  would  tend  to  neutralize  each  other's  action.  Indeed,  we  may 
probably  go  further  and  assume  that  in  each  segment  of  the  canal  first  the 
longitudinal  coat  contracts  while  the  circular  coat  is  relaxed,  and  that  then 
the  circular  coat  contracts  while  the  longitudinal  relaxes.  When  we  come 
to  deal  with  respiration  we  shall  meet  with  a  similar  double  antagonistic  and 
successive  action  between  inspiratory  and  expiratory  muscles ;  we  shall 
further  see  reason  ti>  think  that  the  processes  which  start  the  expiratory  act 
tend  to  check  or  inhibit  the  inspiratory  act  and  vice  versa ;  and  very  pos^sibly 
a  like  see-saw  of  stimulation  and  inlubition  obtains  iu  the  muscles  of  the 
alimentary  canal. 

It  must  be  remembered   that  the  circular  coat  is  always  much  thicker 
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thui  the  lungitudiDal  coat;  and  we  may  iofor  that  while  the  chief  work  of 
driving  the  contents  onward  falls  nn  the  former,  the  latter  aaaista  the  work, 
either  in  the  way  which  we  have  suggested  or  iu  some  other  way- 

In  the  small  intestine  the  tube  is  hiin^  loosely  and  much  twistei].  so  that 
many  hK»(>8  are  formed;  the  contents,  moreover,  are  largely  fluid.  Hence, 
the  itieady  tmward  movement,  such  as  is  seen  wlien  more  solid  contents  pass 
along  the  straight  and  somewhat  firmly  attached  lesaphagus,  is  complicated 
by  movements  due  to  a  loop  heiug  projected  forwanl  by  the  entrance  of  fluid 
from  above,  or  b<»injy  dragged  down  bv  the  weight,  nf  its  new  contents,  or, 
on  the  other  hand,  due  to  a  loop  being  retrarted  by  the  driving  onward  of 
its  contents  hd<1  the  emptying  of  itself,  and  the  tike.  In  this  way  a  peculiar 
writhing  movement  of  the  bowel  is  brought  about,  and  the  phrase  *'  peristaltic 
movement"  ia  generally  used  to  denote  this  total  effect  of  the  contraction 
of  the  muscular  coals;  it  will,  however,  be  best  to  restrict  the  meaning  to 
tb«  progressive  contraction  of  the  circular  coat  assisted,  in  most  cases,  by  a 
limiiar  pmeressive  contraction  of  the  longitudinal  coat. 

$  271.  M'tvrmenU  of  thv  (ttophagmi.  These,  as  we  have  just  said,  are 
fairly  simple.  The  cinnilar  contraction  begun  by  the  constrictors  of  the 
pharynx  is  continued  along  the  circular  coat  of  the  (esophagus,  and  assisted 
DjT  an  accompanying  contraction  of  the  longitudinal  coat,  the  direction 
beinj?  alwa3rs,  save  iu  the  abnormal  action  of  vomiting,  from  above  down- 
ward. 

It  will  be  remembered  (^  222)  that  the  muscular  bundles  of  the  (esophagus 
ire  cwjraposed  of  striate*)  fibres  in  the  upper  part,  and  of  plain  unstriated 
6bre  cells  in  the  lower  part,  the  transition  occupying  a  different  level  in 
different  animals.  Neverthelesa,  ae  far  as  the  peristaltic  movement  is  con- 
oemet),  the  two  kinds  of  fibres  behave  in  the  same  way,  except  that  the 
peristaltic  wave,  if  we  may  so  call  it,  travels  more  rapidly  in  the  striated 
reirion. 

Tb«ee  peristaltic  movements  of  the  n)m)phagus  may,  like  those  of  the  in- 
testine, be  seen  after  removal  of  the  organ  from  the  body;  and,  indeed,  may 
oootinue  to  ap{>ear  upon  stimulation,  for  an  unusual  length  of  time.  They 
nay,  therefore,  be  carried  out  by  the  muscular  elements,  with  or  without  the 
help  of  the  nervous  elements  emhe<lded  in  them,  apart  from  any  action  of 
IIns  eentral  nervous  system.  Nevertheless,  in  the  living  body,  the  movements 
o^  th«  <BAOphagus  seem  to  be  in  a  special  way  dependent  on  the  central  ner- 
Vooa  system ;  the  contractions  are  not  started  and  carrie<l  out  by  the  walls 
of  the  tube  alone,  and  so  transmitted  from  section  to  section  in  the  walU  of 
the  tut>e  itself;  hut  afferent  impulses  started  in  the  pharynx,  and  passing  to 
mtsduUu  oblongata,  give  rise  to  reflex  efferent  impulses  which  deceud 
g  nervous  tracts  fj  successive  portions  of  the  organ.  If  the  oeaophagus 
cot  across  some  way  down,  or  if  a  portion  of  the  middle  region  be  excised, 
stimulation  of  the  pharynx  will  produce  a  peristaltic  contraction,  which 
travelling  downward  will  not  stop  at  the  cut  or  excision,  but  will  be  continued 
oo  into  the  lower  disconnected  portion  by  menus  of  the  central  nervous 
■yifteiD.  And  it  is  stated  that  ordinary  peristaltic  contractions  of  the  lower 
part  of  the  (Baophagus  can  be  redily  excited  by  stimulation  of  the  pharynx, 
hnt  not  by  stimuli  applied  to  its  own  mucous  membrane.  In  the  reflex  act 
which  thus  brings  about  the  peristaltic  contraction  of  the  oesophagus  the 
affiwent  nerves  are  tho^e  of  the  pharynx,  viz..  the  superior  laryngeal  nerve 
ftad  pharyngeal  branches  of  the  vagus,  branches  of  the  fifth,  and  in  some 
aoimalB.  at  least,  branches  of  the  glosso-pharyngeat,  but  chieHy  the  first ;  and 
oaophageal  movements  can  easily  be  excited  by  centripi^tal  siimulatiou  of  the 
superior  laryngeal.  The  centre  lies  in  the  medulla  oblongata,  being  a  part 
of  the  general  deglutition  centre;  and  efferent  impulses  pass  along  fibres  of 
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the  vagus,  reaching  the  upper  part  of  the  a»sophagU8  by  the  recurrent  laryD- 
geal  nerves,  and  the  lower  part  through  theceaophageal  pJexuae*  of  the  vagus 
(Fig.  70).  Section  of  the  trunk  of  the  vaguB  renders  difficult  the  passage 
of  food  along  the  a^sophagus,  and  8tima)fliion  of  the  peripheral  Hump  causes 
oesopliageat  conlractious. 

The  force  tif  this  movement  in  the  cpfiophagus  is  considerable ;  thus  in  the 
dog  a  ball  pulling  by  means  of  a  pulley  against  a  weight  of  250  grammes^ 
has  been  found  to  be  readily  carried  down  from  tue  pharynx  to  thai 
stomach. 

At  the  junction  of  the  oBsophagus  with  the  stomach  the  circular  fibres 
UHtially  remain  in  a  more  or  less  permanent  condition  of  tonic  or  obscurely 
rhythmic  contraction,  more  particularly  when  the  stomach  is  full  of  food,  and 
thus  serve  as  a  BphincLertu  prevent  the  return  of  food  from  the  stomach  into 
the  oesophagus.  Upon  the  arrival  of  the  bolus  of  food  at  the  end  of  the 
oesophagus,  the  centre  for  this  sphincter  is  inhibited  and  the  orifice  is  thus 
opened  up.  Poaaibly  the  patency  of  the  orifice  is  still  further  secured  by  a 
contraction  of  the  longitudinal  muscular  fibres  which  radiate  from  the  end 
of  the  tfsnpbagUB  over  the  stomach. 

§  272.  3foveineni8  of  the  sto7nach.  While  the  object  of  the  oeeophageal 
movement  is  simply  to  carry  the  swallowed  bolus  with  all  due  speed  to  the 
stomach,  and  while  the  intestinal  movement  has,  in  like  manner,  simply  to 
carry  the  intestinal  contents  onward^  the  twisted  course  of  the  looped  path 
insuring  all  the  mixing  of  the  constituentB  of  the  contents  that  may  be  neces- 
sary, the  niovemouta  of  the  stomach  have  a  double  object:  on  the  one  hand 
to  [provide  an  edequale  exposure  of  the  contents  of  the  dilated  chamber  to 
the  influence  of  the  gastric  juice,  and  on  (ho  other  to  propel  the  partially 
digested  food,  when  ready,  into  the  duodenum.  We  may,  accordingly,  dis- 
tinguish between  what  we  may  call  the  "  churning"  and  the  "  propuleive " 
movements  of  the  stomach. 

When  the  stomach  is  empty  all  the  muscular  fibres  as  we  have  said,  longi- 
tudinal, circular,  and  obltqucj  fall  into  a  condiitoD  which  we  may  perhaps 
speak  of  as  an  obscure  tonic  contraction.  The  whole  stomach  is  small  and 
contracted,  its  cavity  is  nearly  obliterated,  and  the  mucous  membrane,  owing 
tn  the  predominance  of  the  circular  coat,  is  like  the  lining  membrane  of  an 
empty  artery,  thrown  into  longitudinal  folds.  As  more  and  more  iood  enters 
the  stomach  all  the  coats  become  relaxed,  with  the  exception  of  the  pyloric 
sphincter,  which  remains  at  first  permanently  closed,  and  the  less  marked 
cardiac  sphincter,  which  merely  relaxes  from  time  to  time  at  each  act  of 
swallowing.  No  sooner,  however,  do  the  coats  thus  become  relaxed  than 
they  set  up  obscure  rhythmical  peristaltic  contractions,  giving  rise  to  the 
"  churning  "  movements.  These  movements  have  been  described  as  of  such  a 
kind  that  the  contents  flow  in  a  main  current  from  the  cardia  along  the  greater 
curvature  to  the  pylorus,  and  back  to  the  cardia  along  the  leaser  curvature, 
subsidiary  currents  mixing  the  peripheral  portions  of  the  contents  with  the 
more  central ;  it  may  be  doubted,  however,  whether  any  such  regularity  of 
flow  is  marked  or  constant,  and  it  is  not  easy  to  see  by  what  combination 
and  sequence  of  contractions  in  the  three  coats,  longitudinal,  circular,  and 
oblique,  such  a  regular  flow  can  be  produced.  But  in  any  case,  by  such 
rhythmical  contractions  the  food  and  gastric  juice  are  rolled  about  and 
mixed  together.  These  churning  movements  are  feeble  at  first,  even  though 
the  stomach  be  tilled  and  distended  by  a  large  meal  rapidly  eaten ;  they 
become  more  and  more  pronounced  as  digestion  jiroceeds. 

Before  digestion  has  proceeded  very  far  the  "propulsive"  movements 
begin.  These  occur  at  intervals,  and  are  repeated  at  first,  slowly  but  after- 
ward more  rapidly.     Each  movement  consists  in  a  contraction  of  the  circular 
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BQUSCular  fibres  more  powerful  than  any  taking  part  io  the  churning  move- 
nienlfl,  and  leading  to  a  circular  conBtriction  which,  beginning  apparently  at 
aUjul  the  obscurely  defined  groove  which  marka  the  beginning  of  the  antrum 
pylori,  travels  down  toward  tho  pylorus,  propelling  the  food  onward.  Thia 
CQovenieDt  U  accompanied  or  rather  preceded  by  a  relaxation  of,  that  ia  to 
saT>  in  all  probability  an  inhibition  of  the  |)ermauent  contraction  of,  the 
aphincter  pylori  itself,  in  order  that  the  gastric  contents  may  pass  into  the 
iiuudenum.  But  the  occurrence  of  this  relaxation  is  determined  by  the 
nature  of  the  gastric  contents  ;  f«>r  if  the  propulsive  movement  drivei*  large 
uDdigeated  pieces  toward  the  pylorus,  the  sphincter  is  apt  to  close  again,  the 
result  of  which  is  that  the  undigested  rnort^els  are  carried  back  into  the 
main  body  of  the  stomach. 

The  combined  efiect  then  of  the  churning  and  of  the  propulsive  move- 
ments is,  afler  a  certain  part  of  the  meal  ha«  been  reduced  to  a  thick  tiuid 
oondition  somewhat  resembling  pea  soup  aud  often  called  chyme,  to  strain 
off  thia  more  Ouid  part  into  the  duodeuum,aiid  to  submit  the  remaiuiug  still 
•olid  pieces  to  the  further  action  of  the  gastric  juice. 

Aa  digestion  proceeds,  more  and  more  material  leaves  the  stomach,  which 
ia  ihus  gradually  emptied,  the  last  portions  which  are  carried  through  being 
those  parts  of  the  food  which  are  least  digestible,  and  any  wholly  indigesti- 
ble foreign  bodies  which  happen  to  have  been  swallowed  ;  the  latter  may 
perhaps  never  leave  the  stomach  at  all.  The  presence  of  food  leads  to  the 
development  of  the  movements  ;  but  evidently  it  is  not  the  mere  mechanical 
repletion  of  the  organ  which  is  the  cause  of  the  movements,  since  the  stomach 
is  fullest  at  the  beginning  when  the  movements  are  slight,  and  becomes 
emptier  as  they  grow  more  forcible.  The  one  thing  which  does  increaae 
psripastu  with  the  movements  is  the  acidity,  which  is  at  a  minimum  when 
the  (geDer&llv  alkaline)  food  has  been  swallowed,  and  increases  steadily 
onwarfL  It  has  not,  however,  been  deBnitely  shown  that  the  increasing 
acidity  is  the  efficient  stimulus,  giving  rise  to  the  movements. 

The  movements  of  even  a  full  stomach  are  said  to  cease  during  sleep. 
The  Dervous  mechanism  of  the  gastric  movements  had  better  be  considered 
in  connection  with  that  of  the  iutet^tiaal  movements. 

f  873.  Vomiting.  In  a  conscious  individual  this  act  is  preceded  by  feeliDgs 
of  nauaea,  during  which  a  copious  flow  of  saliva  into  the  mouth  takes  place. 
This  being  swallowed  carries  down  with  it  a  certain  quantity  of  air,  the 
pr«a«Dce  of  which  in  the  stomach,  by  assisting  in  the  opening  of  the  cjirdiac 
sphincter^  subsequently  facilitates  the  discharge  of  the  gastric  contents.  The 
naoeea  is  generally  succeeded  at  first  by  ineffectual  retching  in  which  a  deep 
inspiratory  efiort  is  made,  so  that  the  diaphragm  is  thrust  down  as  low  as 
poeaible  against  the  stomach,  the  lower  ril>s  being  at  the  same  time  forcibly 
drawn  in  ;  since  during  this  inspiratory  etfurt  the  glottis  is  kept  closed,  no 
sir  can  enter  inti:>the  lungs;  but  some  is  drawn  into  the  pharynx,  and  thence 
probably  descends  by  a  swallowing  action  into  thestoraach.  When  retching 
paaeesoD  to  actual  vomitingthis  inspiratory  etiortissucceeded  by  asuddeo  vio- 
lent expiratory  contraction  of  theabdominal  walls,  the  glottiastill  beiiigclosed, 
•o  that  the  whole  force  of  the  effort  is  spent,  as  we  shall  see  it  is  In  defecation, 
ia  prasMire  on  the  abdominal  contents.  The  stomach  is,  therefore,  forcibly 
oompressefl  from  without.  At  the  same  time,  or  rather  immediately  before 
the  expiratory  effort,  by  a  contraction  of  its  longitU4ltnal  fibres  the  (esophagus 
is  shortened  and  the  cardiac  orifice  of  the  stomach  brought  chtse  under  the 
diaphragm,  while  apparently  by  an  inhibition  of  the  circular  sphincter, 
aided  perhaps  by  a  contraotioa  of  the  fibres  which  radiate  from  the  end  of 
the  oeeophagus  over  the  stomach,  the  cardiac  orifice,  which  is  normally  closed, 
is  somewhat  suddenly  dilated.     This  dilation  opens  the  way  for  the  contents 
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of  the  Stomach,  which,  presaed  upon  by  the  contraction  of  the  abdomen,  and 
to  a  certain  but  probably  only  to  a  Hlight  extent  by  the  contraction  of  the 
gastric  walls,  are  driven  forcibly  up  the  tie.'»ophagus.  The  mouth  being 
widely  0]>eD,  and  the  neck  stretched  to  afford  as  straight  a  course  as  possible, 
the  vomit  is  ejected  from  the  body.  At  this  moment  there  is  an  additional 
expiratt)ry  effort  which  serves  to  prevent  the  vomit  passing  into  the  larynx. 
In  most  cases  Loo  the  posterior  pillars  of  the  fauces  are  ap{)r<)ximated,  in 
order  to  close  the  nasal  passage  against  the  a-sceuding  stream.  This,  how- 
ever, in  severe  vomiting  is  frequently  iuetTectual. 

Thus  in  vomiting  there  are  two  distinct  actu  :  the  dilatation  of  the  cardiac 
orifice  and  the  extrinsic  pressure  of  the  abdominal  walls  in  an  expiratory 
effort.  Withmit  the  former  the  latter,  even  when  distreysingly  vigorous,  is 
inetfectuaL  Without  the  latter,  aa  in  urari  poisoning,  the  intrinsic  move- 
ments of  the  stomach  itself  are  rarely  eHicieut  to  do  more  than  eject  gas, 
and,  it  may  be,  a  very  snmll  quantity  of  food  or  fluid.  Pyrosis  or  water- 
brash  is,  however,  probably  brought  about  by  this  intrinsic  action  of  the 
stomach. 

During  vomiting  the  pylorus  is  generally  chised,  so  that  but  little  material 
escapes  iuto  the  duodenum.  When  the  gall  bladder  is  full,  a  copious  flow  of 
bile  into  the  dunrlenum  acconipnniea  the  act  of  vomiting.  I*art  of  this  may 
find  its  way  into  the  stomach,  as  in  bilious  vomiting,  the  pylorus  then  having 
evidently  been  opened. 

The  nervous  mechanism  of  vomiting  is  complicated  and  in  many  aspects 
obscure.  The  efferent  impulses  which  cause  the  expiratory  eifurt  must  come 
from  the  respiratory  centre  in  the  medulla  ;  with  these  we  shaJl  deal  in  speak- 
ing of  respiration.  The  dilatation  of  the  cardiac  orifice  is  caused,  in  part  at 
Jeofit,  by  impulses  descending  the  vagi,  since  when  these  are  cut  real  vomit- 
ing with  discharge  of  the  gnstric  contents,  if  it  takes  place  at  all,  becomes 
difficult  through  want  of  reariiness  iu  the  dilatation.  Such  intrinsic  move- 
ments of  the  stomach  oa  do  take  ])lace  and  the  movements  of  the  (esophagus 
appear  to  be  carried  out  by  the  usual  nerves.  The  efferent  impulses  which 
cause  the  flow  of  naliva  in  the  introductory  nausea  also  deaceml  along  the 
usual  nerves  such  as  the  chorda  tympaui.  These  various  impulses  may  beat 
be  considered  as  &:tarting  from  a  vomiting  centre  in  the  medulla,  having  close 
relations  with  the  respiratory  centre.  This  centre  may  be  excited,  may  he 
thrown  into  actiou,  iu  a  refiex  manner,  by  stimuli  applied  to  peripheral 
nerves,  as  when  vomiting  is  induced  by  tickling  the  fauces,  or  by  irritation 
of  the  gastric  membrane,  or  by  obstruction  of  the  intestine  due  to  ligature, 
hernia,  etc.  That  the  vomiting  in  the  last  instauce  is  due  to  nervous  actiou, 
and  not  to  any  regurgitation  of  the  intestinal  contents,  ia  shown  by  the  fact 
that  it  will  take  place  when  the  intestine  is  perfectly  empty  and  may  be  pre- 
vented by  section  (»f  the  mesenteric  nerves.  The  vomiting  attending  renal 
and  biliary  calculi  is  apparently  also  reflex  in  origin.  Vomiting  iu  fact  as 
a  rule  is  a  reflex  action,  the  afferent  impulses  parsing  along  (»ne  or  other 
nerves,  but  most  frequently  along  those  connected  with  the  alimentary  canal, 
that  is,  long  afferent  fibres  running  in  the  vagus  or  in  the  splanchnic  nerves. 
The  centre,  however,  may  he  ailected  directly,  as  probably  in  the  cases  of 
some  poisons,  and  in  some  instances  of  vomiting  from  di<^ease  of  the  me<:IuHa 
oblongata.  Lastly,  it  may  be  thrown  into  action  by  impulses  reaching  it 
from  parts  of  the  brain  higher  up  than  itself,  bs  in  casej?  r»f  vomiting  pro- 
duced by  smells,  tastes,  or  emotions,  or  by  the  recollection  of"  past  eveutc, 
and  in  some  cases  of  vomiting  due  to  cerebral  disease. 

Many  emetics,  such  as  tartar  emetic,  appear  tf>  act  directly  on  the  centre, 
since,  introduced  into  the  blood,  they  will  produce  vomiting  afYer  a  bladder 
has  been  aubstituied  for  the  whole  stomach.     Others  again,  such  as  mustard 
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and  water,  act  in  a  reflex  mniiner  by  irritation  of  the  gastric  mucous  meiu- 
branr.  With  others,  again,  which  cause  vomiting  by  developing  a  nauseous 
the  action  involves  parts  of  the  brain  higher  than  the  centre  itself. 

J  274.  Morcmettts  of  the  fmall  intenliue.  These,  as  we  have  already  said, 
the  typical  peristaltic  niovonient*,  ainiple  except  in  so  far  as  they  are 
plicated  by  the  existence  of  the  pendent  loops,  the  peculiar  oscillating 
movements  of  which  ap]>ear  to  be  produced  chiefly  by  the  longitudinal  fibre?. 

The  peristaltic  moveiuents,  as  a  rule,  take  place  from  above  downward, 
and  a  wave  beginning  at  the  pylorus  may  be  traced  a  long  way  down.  But 
ooDtractioDS  may,  and  in  all  probability  occasionally  do,  begin  at  various 
points  along  the  length  of  the  intestine.  A  movement  started  by  artificial 
stunutation  some  way  down  the  intestine,  may  travel  not  only  downward  bnt 
aim  upward  ;  it  has  been  disputed,  however,  whether  in  the  living  body  any 
natural  backward  peristaltic  movement  really  takes  jilace.  In  the  living 
hijtiy  the  intestines  have  periods  of  rest,  alteruatiug  with  periodic  (»f  activity, 
tbe  occurrence  of  the  periods  depending  on  varions  circumstances ;  the 
intensity  of  tbe  movements  also  varies  very  considerably. 

§  275.  MovemenU  of  the  larrje  inietitine.  They  are  fundamentally  the 
■une  as  those  of  the  small  intestine,  but  distinct  in  so  far  as  the  latter  cease 
ml  the  iJeo-csecal  valve,  at  which  apot  the  former  normally  begin  ;  they  are 
simpler,  inasmuch  as  the  pendent  loops  are  absent,  and  not  so  vigorous,  since 
relatively  to  the  diameter  of  the  tube,  the  amount  of  muscular  6bre  is  less. 
Along  the  colon  where  the  sacculi  are  well  developed  (^  266)  the  movement 
maj  perhaps  be  described  as  almost  iniermittent  from  sacculus  to  sacculus, 
tbe  contents  of  one  sacculus  being  driven  by  the  peristaltic  contractions  of 
ita  circular  fibres  into  the  next  sacculus,  which  prepares  to  receive  them  by 
A  ralaxation  of  its  circular  and  a  contraction  of  its  longitudinal  fibres. 

fiinoe  the  lips  of  the  ileo-ccecal  valve  arc  placed  transversely  acr<jss  the 
Qtteum.  not  only  does  distention  of  the  caecum,  by  stretching  the  valve  along 
tbe  line  of  the  lips,  bring  them  into  appu»iiiou,  but  the  pressure  exerted  by 
the  peristaltic  movement  has  the  same  ertect.  In  this  way  any  return  of  the 
oootvnts  from  the  large  to  the  small  intestine  is  prevented. 

Arrived  at  the  sigmoid  flexure,  the  contents,  now  mure  or  less  solid  feces, 
are  supported  by  the  bladder  and  the  sacrum,  so  that  they  do  not  press  on 
the  sphincter  ani. 

{  276.  Defecation.  This  is  a  mixed  act,  being  superficially  the  result  of  an 
«ibrl  of  tbe  will,  and  yet  carried  out  by  means  of  an  involuntary  mechanism. 
Part  uf  the  voluntary  etfort  consists  in  producing  a  pressuro-etlect,  by  means 
of  the  abdominal  muscles.  These  are  contracted  forcibly  as  in  expiration, 
but  tbe  elottis  being  closeil  and  the  esca|>e  of  air  from  the  lungs  prevented, 
tb«  whole  force  of  the  pressure  is  brought  to  bear  on  the  abdomen  itself,  and 
0o  drives  the  contents  of  the  descending  colon  onward  toward  the  reclum. 
Tbe  sigmoid  Hexurs  is  by  its  fxisitiun  sheltered  from  this  prei<sure;  a  body 
iDtroduced  per  anum  into  the  empty  rectum  is  not  affected  by  even  forcible 
eaatraclions  uf  the  abdomiual  walls. 

The  anus  is  guarded  by  the  sphincter  ani,  which  is  habitually  in  a  state  of 
Bonnal  tonic  contraction,  capable  of  being  increased  or  diminished  by  a 
■limulas  applied,  either  internally  or  externally,  to  tbe  anus.  The  tonic 
eoatractiou  is  in  part  at  least  due  to  the  acti(»n  of  a  nervous  centre  situated 
in  the  lumbar  spinal  cord.  If  the  uervous  connection  of  the  sphincter  with 
the  spinal  cord  be  brokeu,  relaxation  takes  place.  If  the  spinal  cord  be 
dirided  somewhat  higher  up,  for  instance  in  the  dorsal  region,  the  sphincter, 
alter  the  deprening  effect  of  the  operation,  which  may  last  several  days,  has 
pe^sed  off,  regains  and  subsequently  maintains  its  tonicity,  showing  that  tbe 
entre  is  nut  placed  higher  up  than  the  lumbar  region  of  the  cord.     The 


384 


THB    TISSUKS    AND    MKCHAN13US    OF    DIGESTION. 


iocreAsed  or  Jiminiished  contraction  following  un  local  stimulation  is  pi 
ahly  due  to  refiex  augmentation  or  inhibition  of  the  action  of  thin  ceoti 
The  centre  ia  abo  eubiect  to  influences  proceeding  from  higher  regions  of  tb« 
cord,  and  from  the  brain.  By  the  action  of  the  will,  by  emotions,  or  by 
other  nervous  events^the  lumbar  sphincter  centre  may  be  inhibited,  and  thus 
the  sphincter  itself  relaxed  ;  or  augmenteti,  and  thus  the  sphincter  tightened. 
A  second  item,  therefore,  of  the  voluntary  procen  in  defecation  is  the 
inhibition  of  the  lumbar  sphincter  centre,  and  consequent  relaxation  of  the 
sphincter  muscla  Since  the  lumbar  centre  may  remain  wholly  efficient 
when  separated  from  the  brain,  the  paralysis  of  the  sphincter  which  ocoun 
in  certain  cerebral  diseases  is  probably  due  to  inhibition  uf  thb  lumbar 
centre,  and  not  to  paralysis  of  any  cerebral  centre. 

Thus  a  voluntary  contraction  of  the  abtiominal  walls,  accompanied  by  a 
relaxation  uf  the  sphincter,  might  press  the  contents  of  the  deaceoding  colon 
into  the  rectum  and  out  at  the  anus.  Since,  however,  as  we  have  seen,  the 
pressure  of  the  abdominal  walls  is  warded  off  the  sigmoid  flexure,  such  a 
mode  of  defecation  would  always  eu<l  in  leaving  the  sigmoid  flexure  full. 
Hence  the  uecesnity  for  these  more  or  less  voluntary  acts  being  accompanied 
by  an  involuntary  augmentation  of  the  peristaltic  action  of  the  large  iutei* 
tine,  sigmoid  flexure,  and  rectum. 

In  the  movements  of  the  rectum  we  can  trace  out  more  distinctly  than  in 
other  regions  of  the  alimentary  canal  the  separate  actions  of  the  longitudinal 
and  circular  fibres.  The  former,  by  means  of  contractions  travelling  from 
above  downward,  shorten  the  rectum,  and  since  the  anus  affijrds  a  more  or 
less  fixed  support  pull  the  rectum  and  its  contents  down;  the  latter,  by 
means  of  coutractions  travelling  fn>m  above  downward  but  taking  place 
somewhat  later,  narrow  the  rectum  and  so  squeeze  the  contents  onward  and 
outward. 

Defecation  then  appears  to  take  place  in  the  following  manner:  Thftj 
large  intestine  and  sigmoid  flexure  becoming  more  and  miire  full,  slronga^i 
and  stronger  peristaltic  action  is  excite<l  iu  their  walla.  Uy  this  means  the 
fecea  are  oriven  into  the  rectum  and  bo,  by  a  continuance  uf  the  movemenla, 
increasing  in  vigor,  against  the  sphincter.  Through  a  voluntary  act,  or 
sometimes  at  least  by  a  simple  reflex  action,  the  lumbar  sphincter  centre  is 
inhibited  and  the  sphincter  relaxes].  At  the  same  time  the  contraction  nf 
the  abdominal  muscles  presses  firmly  on  the  descending  colon,  and  thus, 
contractions  of  the  levator  ant  assisting,  the  contents  of  the  rectum  art 
ejected. 

It  must  however  be  remembere<J  that,  while  in  appealing  to  our  own  con* 
sciousneas,  the  contraction  of  the  ab<iominal  walls  and  the  relaxation  of  Um 
sphincter  seem  purely  voluntary  eflforts,  the  whole  act  of  defecation,  including 
both  of  these  seemingly  so  voluntary  com^xmentB,  may  take  place  in  Um 
abeence  of  consciousness,  and  indeed,  in  the  case  of  the  dog  at  least,  after 
the  complete  aeveranoe  of  the  lumbar  from  the  dorsal  cord.  In  such  riMf 
the  whole  act  must  be  purely  reflex,  cxcite<i  by  the  presence  of  feces  in  lb« 
rectum. 

$  277.  The  nrrv&tu  meehanisfM  of  gfuiric  and  intetHnai  m&v€menU,  Both 
tilt-  Bioniach  and  intestine*  when  removed  from  the  br»dy  and  thus  wholly 
sfpitrttiod  from  the  central  nervous  system  may,  by  direct  simulation. 
rrndily  excite*!  to  luovemenu;  and  indeed  in  the  absence  of  all  obrl 
stimuli,  movements  which  seem  t^)  be  spontaneous  may  at  time*  be  obaerred^ 
The  niovemeutx  of  which  we  are  speaking  are  onlerly  movements  of  a 
peristaltic  naturu,  not  mere  local  contractions  of  a  few  bundltai  of  plain 
mnacular  fibrea.  The  alimentary  canal  therefore,  like  the  heart,  though  to  a 
leaa  d«^rv«,  poeaesstv  within    itself  such  mechanisms  as  are  n»quiait«   for 
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carrriDg  out  its  own  movements;  and,  as  in  the  case  of  the  heart,  there  is 
00  adequate  evidence  that  the  ganglia  scattered  in  its  muscular  walls,  namely 
tbow  forming  the  plexus  ot*  Aucrlmch,  play  any  prime  part  iu  developing 
tkeK  movements. 

Go  the  other  haud,  powerful  movements  of  a  peristaltic  kind  may  be 
imluced,  not  only  as  wc  have  already  seen  iu  the  oesophagus  but  also  iu  the 
ilMmach,  in  the  small  intestine,  and  even  in  the  large  intestine  by  stimulation 
of  the  vagus  nerve. 

The  chief  and  usual  cause  of  the  movements  of  the  stomach  and  iatestines 
ii  the  presence  of  food  in  their  interior.  But  we  do  nut  know  deOuitely  the 
euct  manner  in  whioh  the  food  produces  the  movement.  It  may  be  that 
tbefood,  by  stimulating  the  mucous  membrane^  sends  up  afferent  impulses, 
aod  that  these  give  rise  by  reflex  action  to  ctlereut  impulses  which  descend 
ikc  vaetu  fibres  to  successive  portions  of  the  canal,  in  a  manner  similar  to 
thtt  Jutmdj  described  in  reference  to  the  oesophagus.  If  this  be  so  the 
Annt  impulses  reach  the  stomach  anil  upper  part  of  the  duodenum  by  the 
tirfflitt&l  portions  of  the  two  vagi,  Fig.  120,  R.V.,  L.V.,  and  reach  the  intes- 
llMiby  the  portion  of  the  right  or  posterior  vagus,  Fig.  120,  R'.V'.,  which 
ftmat  into  the  solar  plexus  and  thence  by  the  mesenteric  nerves.  The 
l&reni  impulses  from  the  stomach  travel  also  apparently  by  the  vagus ;  the 
plUtt  of  those  from  the  intestineH  have  not  yet  been  determined. 

But  that  such  a  reflex  action  through  vagus  fibres  is  not  the  only  means 
bf  which  the  presence  of  food  brings  about  the  movements  iu  question,  is 
■noWD  by  the  fact  that  these  continue  to  be  developed  afler  section  of  both 
TigUB  nerves.  Probably  the  whole  action  is  a  mixed  one  which  we  may 
picture  to  ourselves  somewhat  as  follows :     The  alimentary  canal  possesses  a 

Ef>»«of  8pont«ineou8  movement,  feeble  it  is  true,  very  inferior  to  that  of  the 
^^  and  very  apt  to  be  latent,  but  still  existing.     The  presence  of  food  in 
»»iiie  way  or  other,  by  some  direct  action  quite  apart  from  the  central  nervous 
()item,i8  able  to  increase  this  power  so  that,  without  any  aid  from  the  central 
Mrroofl  system,  as  afler  section  of  the  vagi,  adequate  peristaltic  movements 
on,  under  favorable  circumstances,  be  carried  out.     Nevertheless,  in  the 
lonnal  course  of  events,  satisfactory  movements  are  still  further  secured  by 
tU  reflex  action  through  vagus  fibres  just  described.     Thus,  in  the  dog,  the 
•ct  of  swallowing  food  or  even  the  mere  smell  of  food  has  been  observed  to 
iicreaae  the  movements  of  a  piece  of  intestine  isolated  from  the  rest  of  the 
allMntArr  canal    but    retaining  its  connections  with  the  central    nervous 
ffrtnn.     Under  this  view  the  peristaltic  movements  produced  by  centrifugal 
iltfflulation  of  the  vagus  in  the  neck  are  comparable  not  so  much  with  the 
enotractiou  of  a  skeletal  muscle  when  its  motor  nerve  is  stimulated  as  with 
th«  heats  which  may  l>e  called  forth  in  an  inhibited  or  otherwise  quiescent 
heart  by  stimulation  of  the  cardiac  augmentor  fibres. 

Indeed,  we  may,  perhaps,  call  the  vagus  fibres  which  pass  to  the  stomach 
aod  intestines  (and  these,  we  may  remark,  are,  like  the  cardiac  augmentor 
fifarBK,  nnn-medullated  fibres  along  the  greater  part  of  their  course)  aug- 
BMOtor  fibres  rather  than  motor  fibres.  We  have  all  the  more  reason  to  do 
Ao  naoe  there  exist  companion  but  antagonistic  inhibitory  fibres.  If  while 
Krely  peristaltic  action  is  going  on  in  the  bowels  the  splanchnic  nerves  be 
•timalated,  the  bowels  are  brought  to  rest,  often  in  a  very  abrupt  and  marked 
muier.  Inhibitory  libres,  therefore,  run  in  the  splanchnic  nerves  (Fi^.  1120, 
S^  wtaj,  and  min.)^  passing  along  them  from  the  spinal  cord  to  the  abdom- 
ImI  pjexuse«,  and  thence  to  the  alimentary  canal  ;  probably  some  of  the 
lae  niedullftted  fibres  which  may  Im?  observed  along  this  track  are  of  this 

It  will  be  noticed  that  the  splanchnic  nerves,  while  containing  vaso-cun- 

26 


886 


THE    TISSUSS    AND    MECHANISMS    OF    DIGESTION 


Btrielor,  (*.  c,  augmentor,  fibres  for  the  blooHvessela  of  the  intestines,  carry 
inhibitory  fibres  for  the  muscular  coat ;  and  probably  the  vagus,  while  con- 
taining au|rnientor  fibres  tor  the  muscular  coat,  carries  inhibitory  dilator 
fibres  for  the  blondves&els.  It  may  further  be  remarked  that  the  vagus. 
while  supplying  augmentor  fibres  for  the  muBcular  mechauismB  of  the 
alimentary  canal,  carries,  as  we  so  well  know,  inhibitory  fibres  for  the 
cardiac  muscular  luechauiisiij. 

Fig.  TJO. 


Ret. 


OUOBAK  TO  iri-UfffBATB  THE  NEBVEB  OP  TIIE  AUSIENTARY  CaKaI.  IX  TUB  DOO.* 

Tbo  figure  1i  for  the  snke  of  simplicity  made  as  dingrammatic  •»  possible,  and  doe*  noi  vrprrnKnt 
Uic  atuUomical  reiation*.  ^)t•.UiR^^^..  ThealtmGDtary  canal,  a-xoiibngus.stomiicb.einiUl  Intestine,  Ukrgc 
itjl«BUiir,  rwtura.  LV.  lAii\  vajrue  nerve,  endlns  on  fW)nt  of  Btoinach.  rl.  retMirrent  laryugeal  nerve 
mij.lilj-lng  ii]ij»er  |«rt  of  a^oiiLagim.  R.V.  Rlabt  Tngtij,  joining  left  vag!i.<^  in  a9o|ihflgeal  plexus,  oe. 
pi.,  fiiipjilylng  itiu  posterior  |>ftrt  of  fttoniHcti  and  continued  as  U'.V.  to  join  the  aolar  plexua,  hnr 
rfprrtetued  by  atiUfiU  ifnnrfUon  and  connoc-teil  with  the  Inferior  mewntertc  ganglion  ror  plexu*)  in.gl. 
—tk.  branchm  fniin  ifae  wibir  plt^xiii*  to  »toniRc1i  and  small  Intestine,  and  fhim  the  mesenteric  gaiigUou 
lo  the  iBTge  Intestine.  Spl.  maj.  Ijirgc  »)plonchnic  ucrre  arising  from  the  tbonicic  sangUa  and  r&znt 
communlcuitOB,  r.  c.,  belonging  to  dorsal  ntirTei>  from  the  6th  to  the  &ih  (or  lOtb).  SpL  mUi.  Small 
■planehnie  nerve  !tltol1arly  arUdngfruni  101b  and  lUh  doreal  nerves.  Thc«c  both  Joint  he  solar  plexu» 
and  thence  make  their  way  lo  theoUmenisry  *^nal.  C.r.  Nervei  from  thugaugUa.  et£..  bclongiog 
to  lltb  and  I'itb  dorvAl  and  in  and  2d  lombar  ner\'CH.  prcxvedlng  to  the  Inferior  mownterlc  gaxigUa 
(or  plexnu.  in.  gl  ,  ami  thence  by  the  hypogiwtric  nerve  n.  hyp.  and  the  bypogaMrlc  plexus  pi.  hyp 
to  the  dftiular  muscles  of  tbo  reclnm.  l.r.  Nurvea  from  the  2d  and  3d  sacral  ncrvea,  S.2,  S.3  (Dcrvi 
crlgentes),  prooeodiug  by  the  hypogaatrlc  ploxus  to  the  luuglludliial  intuioltt  of  the  fcctoin. 

In  the  above  statement  we  have  purposely  used  the  general  term,  peri- 
Btaltic  movement;  but,  as  we  have  seen,  in  the  movements  of  the  alimentary 


>  Jt  woa  not  ohaenred  nnUI  loo  late  that  In  the  diagram  of  Ihoncrrciof  Lbe  alimentary  catial  Id 
the  dr<g.  furtre  donal  nerves  hod  bef  n  rcpresonte<l.  Tl»e  ftgure,  ok  stated,  makefl  no  pretence  lo 
H'lutuniieut  exactnen;  but  It  would  have  been  butter  to  reprvseut  either  tbirteeu  or  flAeeu  (»ct]tA\Xi 
doTTtal  nprvoi. 
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CAital.  two  9etA  of  nmscle.s  are  concerned — the  circular  onH  the  longitudinal. 
N'lw,  iu  the  rectum  we  are  able  to  rec<iguize  that  the  two  seta  of  muscles 
have  qutt«  dintinct  nervcms  supplies.  Tho  lougitudinal  coat  is  governed  by 
Derve-fibres  which,  in  the  dog,  leave  the  spinal  cnrd  in  the  anterior  roots  of 
llie>ec»tnd  and  third  sacral  nerves  (Fig.  120.  iS  2, 53),  pass  along  the  branches 
o(  those  nerves  frequently  spoken  of  as  the  nervi  erigenies,  I.  r.,  to  tbe 
hTfM>ga«lric  plexus  (^pl.hyp.),  and  thence  to  the  rectum.  Stimulation  of 
these  nerves  causes  contractions  of  the  rectum,  which  are  confined  to  the 
loogiludinal  coat  and,  as  we  have  said,  pull  the  rectum  down.  The  circular 
coat  is  goverue<i  by  Hbref)  which  leuve  the  spinal  cord  by  the  anterior  roots 
of  the  lower  dorsal  and  first  two  lumbar  nerves.  Fig,  120  (coming  from  the 
lower  part  of  that  spinal  region  from  which,  as  we  have  seen,  ^  169,  the 
TBBD-constrictor  fibres  take  origin),  and,  early  losing  their  medulla,  pass  to 
the  rectum  by  the  inferior  mesenteric  ganglia,  the  hypogastric  nerves,  and 
hrpogastric  plexus  (Fig.  120,  m.  gl.,  n.  hyp,,  pi.  hyp.).  Stimulation  of  these 
fibrea  gives  rise  to  contractions  which  arc  confined  to  the  circular  coat  and 
•qoMxe  oot  the  contents  of  the  rectum.  A  similar  double  nervous  supply 
probably  goverub  tbe  longitudinal  and  circular  coatH  along  the  whole 
alimeDtary  canal ;  but  the  details  of  such  a  supply  are  at  present  unknown. 

Our  knowledge,  moreover,  concerning  the  details  of  any  special  nervous 
mechanisms,  by  means  of  which  the  more  complicated  movements  of  the 
stomach,  including  the  closing  and  opening  of  the  sphincters  are  carried  out, 
IB  at  present  very  imperfect.  We  cannot  add  to  what  we  have  incidentally 
said  in  speaking  of  vomiting. 

The  movements  of  the  rectum,  including  the  sigmoid  flexure,  appear  to  be 
much  more  closely  dependent  on  the  central  nervous  system  than  are  those 
of  the  rest  of  the  alimentary  canal.  As  we  have  said,  the  movements  of 
both  large  and  small  intestine  are  rather  assisted  and  augmented  than 
primarily  calle<l  forth  by  impulses  descending  from  tbe  central  nervous 
STStem  along  the  vagus  fibres.  As  the  large  intestine,  however,  passes  into 
the  rectnm,  government  by  the  vagus  is  replaced  by  government  through 
the  lumbar  cord  and  the  nerves  just  previously  mentionetl ;  and  this  govern- 
neot  appears  to  be  not  so  much  mere  augmentation  as  the  actual  carrying 
oot  of  the  movements  through  refiex  action.  Hence,  this  is  tbe  part  of 
intestinal  movement  which  fails  in  di^eoses  of  the  central  nervous  system, 
the  failure  leading  to  obstinate  constipation,  if  not  to  actual  difficulty  of 
defecation.  The  presence  of  feces  in  the  sigmoid  flexure  no  longer  stirs  up 
tbe  reflex  mechanism  for  their  discharge;  meanwhile  the  more  independent 
moTements  of  the  higher  parts  of  the  canal  continue  to  drive  the  contents 
oawftrd,  and  hence  the  feces  accumulate  in  the  sigmoid  flexure  and  colon 
awaiting  the  delayed  action  of  the  imperfect  reflex  mechanism.  With  regawl 
to  the  exact  manner  in  which  the  presence  of  food  acts  as  a  stimulus,  it  may 
be  worth  while  to  remark  that,  although  in  the  stomach,  as  we  have  seen, 
mere  fulness  is  not  the  efllicient  cause  of  the  movements,  since  these  become 
more  active  as  digestion  firoceeds  and  tbe  bulk  of  the  contents  diminishes, 
yet  in  the  intestine  distentidu  of  the  bowel  up  to  certain  limits  most  dis- 
tinctly increases  tbe  vi";or  of  the  movements  just  as  distention  of  the  cardiac 
cavities  within  certain  limits  improves  the  cardiac  stroke.  This  is  well  seen 
10  obstruction  of  the  bowels,  in  which  case  the  bowel  distended  alxjve  the 
obstruction  is  fre(]ueutly  thrown  into  violent  peristaltic  movements.  This 
eflectis  in  part  at  least  due  to  the  distention  extending  the  muscular  fibres, 
and  so  in  a  direct  manner  promoting  their  contraction  (see  §  SI),  but  may 
be  in  part  due  to  augmentor  impulses  excited  in  a  reflex  manner.  Probably 
in  an  intestine  isolated  from  the  central  nervous  system  food  provokes  peri- 
■lAltic  movements  much  more  by  causing  distention  and  so  stretching  tlie 
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nuiHPuliir  coaU  than  by  acting  as  a  stimultm  to  the  mucous  membraac,  either 
throiiyh  chemical  action  or  iu  auy  similar  way. 

S278.  Next  to  the  i)refteuoe  of  food  in  the  interior  of  the  alimentary  canal 
a  deficient  oxygenation  of  the  blood  supplied  to  the  walls  of  the  canaf  or  the 
Buddeu  cutting  off  of  theaupply  of  blood  may  be  regarded  as  the  most  |>ower- 
ful  provocatives  of  peristaltic  action.  When  the  aorta  is  clamped,  or  when 
the  respiration  is  seriously  interfered  wilh,  peristaltic  movement  become 
very  pronounced.  Thus,  in  death  by  asphyxia  or  HuHbcatiou,  an  involuntary 
discharge  of  feces,  which  ia  in  part  at  least  the  result  of  increased  peristaltic 
action,  is  not  an  uufrequent  result;  and  the  marked  peristuttic  movementa 
which  ftre  so  frequently  seen  in  an  animal  when  the  abdomen  is  laid  open 
immediately  after  death  appear  to  be  due  tn  the  cessation  of  the  circulation 
and  the  coneeqvieut  failure  in  the  supply  of  blood  to  the  walla  of  the  alimen- 
tary canal,  and  not,  as  has  been  suggested,  to  the  contact  with  air  of  the 
peritoneal  surface.  Since  it  is  bjood  which  brings  oxygen  to  the  tiasuee, 
iailure  in  the  3up|)ly  of  blaod  is  tantamount  to  failure  in  the  supply  of 
oxygen  ;  but  the  blood  current  brings  other  things  besides  oxygen  and  also 
takes  thin^  away  ;  and  the  failure  of  thie  action  also  probably,  as  well  m 
failure  in  the  supply  of  oxygen,  provokes  the  movements  iu  question. 

The  movements  thus  produced  are  to  some  extent  the  result  of  the  defi 
cient  supply  of  blood   acting  directly  on  the  walls  of  the  canal,  though  ii 
asphyxia  at  all  events  this  effect  may  be  increased  by  the  too  venous  bloo 
Btimulutiug  the  central  nervous  aystem,  and  thud  sending  augmentor  impulses' 
down  the  vagus. 

With  regard  to  the  mode  of  action  of  the  drugs  which  promote  peristalti 
action,  it  will  be  sufficient  here  to  aay  that,  while  some,  such  as  nicotin, 
appear  to  act  directly  on  the  walls  of  the  canal,  others,  such  as  strychnia, 
produce  their  effect  chiefly  by  acting  through  the  central  nervous  system. 


The  Cuanges  which  the  Food  Undergoes  ik  the  Alimentary 

Canau 

§  279.  Having  studied  the  properties  of  the  digestive  juices  as  exhibited 
outside  the  body,  and  the  various  mechanisms  by  means  of  which  the  food 
introduced  into  the  body  is  brought  umler  the  influence  of  those  juices,  we 
have  now  to  consider  what,  as  matters  of  fact,  are  the  actual  changes  which 
the  f"od  does  undergo  in  passing  along  the  alimentar}'  canal;  wiiat  are  the 
steps  by  which  the  contents  of  the  canal  are  gradually  converted  into  feces. 
The  events  which  lead  to  this  conversion  are  twofold.  On  the  one  hand  the 
digestive  juices  do  bring  about,  inside  the  alimentary  canal,  changes  which 
in  the  main  are  the  Hameas  those  observed  in  laboratory  experiments  outside 
the  body  and  described  in  previous  sections,  though  the  results  are  somewhat 
modified  by  the  special  conditions  which  obtain  within  the  body.  On  the 
otlicr  hand  absiirption,  that  is  to  Kay,  the  passage  from  the  interior  of  the 
canal  into  the  bloodvessels  and  lytriphatics,  of  digested  material  in  company 
with  water  is  going  tm  along  the  whole  length  of  the  canal,  and  especially  in 
the  small  and  large  intestines.  It  will  be  convenient  to  confine  ourselves  at 
present  to  the  study  of  the  first  class  of  events,  the  changes  effected  io  the 
canal,  merely  noting  the  disappearance  of  this  or  that  product,  and  defer- 
ring the  diflicnlt  problem  of  how  absorption  takes  place  to  a  subsequent  and 
separate  discu.sfiion. 

In  the  month  the  presence  of  the  food,  assisted  by  the  movemeDts  of  the 
jaw,  causes,  as  we  have  seen,  a  fl(»w  of  saliva.  By  mastication,  and  by  the 
addition  of  mucous  saliva,  the  food  is  broken  into  small  pieces,  moistened. 
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mod  (fathered  into  a  convenieDt  bolus  for  deglutition.  In  man  soine  of  the 
starch  is,  even  during  the  short  stay  of  the  food  in  the  mouth,  converted 
into  sugar;  for  if  boiled  starch  free  from  sugar  be  even  momentarily  held 
in  the  mouth  and  then  ejected  into  water  (kept  boiling  to  destroy  the 
ferment),  it  will  be  found  to  contain  a  decided  amount  of  sugar.  In  many 
animals  no  such  change  takes  place.  The  viscid  saliva  of  the  dog  serves 
almost  aolelj  to  assist  in  deglutition  ;  and  even  the  longer  stay  which  food 
mak«fl  in  the  mouth  of  the  horse  is  insufficient  to  produce  any  marked  con- 
veraioD  of  the  starch  it  may  contain.  During  the  rapid  transit  through  the 
imoB'haffus  no  appreciable  change  takes  place. 

The  amount  of  absorption  of  digested  material,  or  even  of  simple  water 
from  the  mouth  or  cesopnagus,  must  always  be  insignificant 


The  Changes  in  Oie  Stomach. 

%  280.  The  arrival  of  the  food,  the  reaction  of  which  is  either  naturally 
alkaline,  or  is  made  alkaline,  or  at  least  is  reduced  in  acidity,  by  the  addi- 
tion of  saliva,  causes  a  tlow  of  gtistric  juice.  This^  already  commencing 
while  the  food  is  yet  in  the  moutb,  increases  as  the  food  accumulates  in  the 
stomach,  and  as,  by  the  churning  gastric  movements,  one  part  afler  another 
of  the  food  is  brought  into  contact  with  the  mucous  membrane. 

The  characters  of  the  juice  appear  to  change  somewhat  as  the  act  of  diges- 
tion proceeds.  The  amount  of  j}ep8in  in  the  gastric  contents  increases  for 
aome  time  ailer  fo<Hl  ia  taken,  and  pnibahly  the  actual  secretion  increases 
aiao.  The  acidity  of  the  gastric  contents  is  at  first  very  feeble;  indeed  in 
asan,  in  mme  coses  at  least,  for  some  little  time  alter  the  begiuuing  of  a  meal 
DO  free  acid  ia  present,  and  during  this  period  the  converstoa  of  starch  into 
BOgar  may  continue.  This  condition,  however,  is  temporary  only ;  very 
aoon  the  contents  become  acid,  arresting  the  action  of  and  ultimately 
destroying  the  amylolytic  ferment ;  and,  since  the  rate  of  secretion  of  acid 
appears  to  be  fairly  constant,  the  contents  of  the  stomach,  unless  fresh  alka- 
line food  be  taken,  become  more  acid  as  digestion  goes  on. 

The  groes  efiect  of  gastric  digestion  is  to  break  up  and  partly  to  dissolve 
the  larger  lumps  of  masticated  food  into  a  thick  grayish  soup-like  liquid 
called  chyvie,  with  which  are  still  mixed  in  variable  quantity  larger  and 
smaller  masses  of  lees  changed  food.  This  is  the  re«Lik»  partly  of  the  solu- 
tion of  proteid  matters,  partly  of  the  solution  of  the  gelatiniferous  connec- 
tiT6  tissue  holding  the  proteid  elements  together.  Id  a  fragment  of  meat, 
Ibr  instance,  the  muscular  fibres,  through  the  solution  of  the  connective 
tissue  binding  them  together,  fall  asunder,  the  sarcolemma  ia  dissolved,  and 
the  fibres  themselves  split  up  sometimes  {ongitudinally  but  most  frequently 
by  transverse  cleavage  into  discs,  and  are  ultimately  more  or  less  reduced 
partly  into  a  granular  mass,  partly  to  actual  solution.  In  a  piece  of  tissue 
oootaining  fat,  the  connective  tissue  binding  the  fat  cells  together  and  the 
envelopes  of  the  fat  cells  are  dissolved,  so  that  the  fat,  fluid  at  the  tempera- 
tare  of  the  body,  is  set  free  from  the  individual  cells  and  runs  together  into 
larger  and  smaller  masses.  In  vegetable  tissue  the  proteid  elements  are  in 
part  dissolved  and,  though  there  is  no  evidence  that  in  man  cellulose  is  dis- 
solved in  the  stomach,  the  whole  tissue  is  Bot\ened  and  to  a  certain  extent 
disintegrated.  Milk  is  curdled  and  the  curd  subsequently  more  or  less  dis- 
•olTed. 

The  thick  soup-like  acid  chyme  consists  accordingly  partly  of  substances 
which  have  entered  into  actual  solution,  partly  of  mere  particles  or  dronlets 
of  pMtcid,  fatty  or  other  nature  and  jmrily  of  masses  small  or  great,  wnich 
may  bo  recognized  under  the  microscope  as  more  or  less  changed  portions  of 
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animal  or  vegetable  tissue.  The  amount  of  material  actually  dissolved  is  in 
most  specimens  of  chyme  exceedingly  small.  When  ihe  go]i<l  parta  are 
removed  by  filtration  the  clear  fikrate  contiiina  beside  salts,  pepsin  and  free 
hydrochloric  acid  (the  constituents  of  the  gastric  juice),  a  small  amount  of 
augar,  of  parapeptoue  ami  of  pej)tone.  The  sugar  is  often  absent,  the  para- 
peptone  is  not  always  present,  and  the  amount  of  peptone  (or  albumose)  is 
always  small. 

During  gastric  digestion  the  chyme  thus  formed  is  from  time  to  time 
ejected  through  the  pylorus,  accompanied  by  even  large  morsels  of  solid 
less-digested  matter.  This  may  occur  within  a  few  minutes  of  food  having 
been  taken  ;  but  the  larger  escape  from  the  stomach  probably  does  not  iu 
man  begin  until  from  one  to  two,  and  lasts  from  four  to  five  hours,  after  the 
meal,  hcfoniiug  more  rapid  toward  the  end,  and  such  pieces  as  are  the  least 
broken  up  by  the  gastric  juice  and  movements  being  the  last  to  leave  the 
stomach. 

The  time  taken  up  in  gastric  digestion  probably  varies  in  the  same  animal 
not  only  with  dilTcreut  articles  of  food  but  also  with  varying  conditions  of 
the  sLomaoh  and  of  tKe  bddy  at  large.  In  different  animals  it  varies  very 
considerably,  being  from  twelve  to  twenty-four  hours  in  the  dog  after  a  full 
meal,  while  the  stomachs  of  rabbits  are  never  empty  but  always  remain 
largely  tilled  with  food,  even  during  starvation.  In  man  the  stomach  proba- 
bly becomes  empty  between  the  usual  meale. 

The  total  amount  of  change  which  the  food  undergoes  in  the  stomach, 
that  is  the  share  taken  by  the  sUnnach  in  the  whole  work  of  digestioD, 
seems  to  vary  largely  in  diHerent  animals,  and  in  the  same  animal  differs 
according  to  the  nature  of  the  meal.  In  a  dog  fed  on  an  exclusively  meat 
diet,  a  very  large  part  of  the  digestion  is  said  to  l>e  carried  out  by  the 
stomach,  very  little  work  apparently  being  left  for  the  intestines;  that  i.**  to 
say,  thti  larger  jiart  of  the  meal  is  reduced  in  the  stomach  to  actual  solution 
and  a  considerable  quantity  is  probably  absorbed  directly  from  the  stomach. 
In  such  cases  the  amount  of  peptone  found  in  the  stomach  during  the  diges- 
tion of  the  meal  is  found  to  be  fairly  conelanl,  from  which  it  may  be  in- 
ferred that  the  peptone  is  absorbed  as  soon  as  it  is  formed.  There  is  also 
evidence  that  fat  may  to  a  certain  extent  undergo  in  the  stomach  changes 
leading  to  emulsion,  similar  to  those  which,  as  we  shall  see,  are  carried  out 
iu  the  small  intestine. 

But  such  cases  as  these  cannot  be  regarded  as  typical  cases  of  gastric 
digestion,  and  in  man,  at  all  events,  living  on  a  mixed  diet  the  work  of  the 
stomach  appears  to  be  to  a  large  extent  preparatory  only  to  the  subsequent 
labors  of  the  intestine.  It  is  true  that  our  information  on  this  matter  ia 
imperfect,  being  chiefly  drawn  from  the  study  of  cases  of  gastric  or  duodenal 
fistula,  in  which  probably  the  order  of  things  is  not  normal,  or  being  in 
large  measure  deductions  from  experiments  on  animals,  whose  economy  in 
this  respect  must  be  largely  different  from  our  own  ;  but  we  are  pn»bably 
safe  in  concluding  that,  in  ourselves,  the  chief  effect  of  gastric  digestion  is 
by  means  of  the  disintegration  spoken  of  above  to  reduce  the  lumps  of  food 
to  the  more  uniform  chyme  and  so  to  facilitate  the  changes  which  take  place 
in  the  small  intestine.  During  the  disintegration  some  of  the  proteid  iu  the 
meal  is  converted  into  peptone;  and  the  peptone  so  formed  is  probably 
absorbed  at  once ;  but  much  proteid  remains  unchanged  or  at  least  is  not 
«onverte<l  into  peptone,  and  the  fats  and  starches  undergo  in  themselves 
very  little  change  indeed. 

In  the  act  of  swallowing,  no  inconsiderable  quantity  of  air  is  carried 
down  luto  the  stomach,  entangled  iu  the  saliva,  or  in  the  food.  This  is 
returned  in  eructations.     When    the  gas  of  eructation  or  that  obtained 
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tly  from  the  stomach  is  examiDed,  it  is  found  to  conaist  chiefty  of 
QitrofiieD  ai]<]  carbonic  acid,  Ihe  oxygen  of  the  atmospheric  air  having  been 
imtmSj  abeorbed.  In  moet  casca  the  ciirbonic  acid  is  derived  by  simple 
dimMon  from  the  blood,  or  from  the  tissues  of  the  stomach,  which  similarly 
tftke  up  the  oxygen.  In  many  casee  of  flatulency,  however,  it  may  arise 
from  ■  fermentative  decomposition  of  the  sugar  which  has  been  taken  as 
•ach  in  food  or  which  has  been  produced  from  the  starch,  the  gHS  being 
cither  formed  in  the  stomach  or  passing  upward  from  the  intestine  through 
the  pylorus. 

The  enormous  uuantity  of  gaa  which  is  diflcharge<l  through  the  mouth  in 
caaes  of  hysterical  flatulency,  even  on  a  perfectly  empty  stomach,  and  which 
■eeoM  to  consist  largely  of  carbonic  acid,  presents  diMculties  iu  the  way  of 
explanaiion  ;  it  is  poflsible  that  it  may  be  simply  diffused  from  the  blood,  but 
it  IS  also  possible  that  in  many  cases  it  is  derived  from  air  which  the  patient 
his  hysterically  8  wal  to  wed ,  the  oxygen  having  been  removed,  iu  the  stomach, 
hr  absorption  and  replaced  by  carbonic  acid. 


In  ihe  Small  Intestine, 

I  SSL  The  semi-digested  acid  food,  or  chyme,  as  it  paasea  over  the  biliary 
onfioe,  causes  as  we  have  seen  ($  254)  gushes  of  bile,  and  at  the  same  time 
tbe  pancreatic  juice  flows  into  the  intestine  freely.  These  two  alkaline 
iaids,  especially  the  more  strongly  and  constantly  alkaline  pancreatic  juice, 
Iflod  to  neutralize  the  acidity  of  the  chyme,  but  the  contents  of  the  duode- 
num do  not  become  distinctly  alkaline  until  some  distance  from  the  pylorus 
i>  reached.  The  rapidity  with  which  the  change  in  the  reaction  is  com- 
pleted is  not  the  same  in  all  animals,  and  in  the  same  animal  apj>ear8  to 
Tiry  tccording  to  the  nature  of  the  food  and  various  circumstances.  In 
Bi&a,  living  on  a  mixed  diet,  the  contents  have  pnjbably  become  distinctly 
tlk&line  before  they  have  passed  far  down  the  duodenum.  On  the  other 
Ixtod  in  dogs,  the  contents  of  the  small  intestine  have  been  observed  to  be 
>cid  throughout,  and  that  nut  only  when  fed  on  starch  and  fat,  which 
oiighl.  by  an  acid  fermentation  of  which  we  shall  presently  speak,  give  rise 
toiQ  acid  reaction,  but  even  when  fed  on  meat. 

The  oonvereion  of  starch  into  sugar,  which  as  we  have  seen  is  sooner  or 
]u«r  arreated  iu  the  stomach,  is  resumed  with  great  activity  and  indeed 
^(KDpleted  by  the  pancreatic  juice,  possibly  assisted  by  the  succus  entericus, 
(Im  pmence  of  bile  being  said  to  increase  the  activity  of  the  pancreatic 
•fcyiolytic  ferment  The  conversion  begins  as  soon  as  the  acidity  of  the 
tkyme  is  sufficiently  reduceil  and  continues  along  the  intestine;  portions, 
mever,  of  still  undigested  starch  maybe  found  in  the  large  intestine, and 
*v«i  tt  time«  in  the  teces. 

TW  pancreatic  juice,  as  we  have  seen,  emulsifies  fats,  and  also  splits  them 
Mto  their  respective  fatty  acids  and  givceriu.  The  fatty  acids  thus  set  free 
Wme  converted  by  means  of  the  alkaline  contents  of  the  intestine  into 
*a|»;  but  to  what  extent  saponilication  thus  takes  places  is  not  exactly 
known.  Undoubtedly  soaps  have  to  a  small  extent  been  found  both  in 
ports]  blood  and  in  the  thoracic  duct  afler  a  meal ;  but  there  is  no  proof 
^toy  Urge  quantity  of  fat  is  introduced  in  this  form  into  the  circulation. 
^  tbe  other  hand,  the  presence  of  neutral  fats  iu  the  lacteals,  and  to  a 
*li^t  extent  in  portal  blood,  is  a  conspicuous  result  of  the  digestion  of  fatty 
iBUten;  and  in  all  probability  sapouitication  in  the  intestine  is  a  subsidiary 
process,  the  effect  of  which  is  rather  to  facilitate  the  emulsion  of  neutral 
^  than  to  introduce  soaps  as  such  into  the  blood.  For  the  presence  of 
*^Qble  soaps  favon  the  emulsion  of  neutral  fata.      Hence  a  rancid  fat,  t.  0., 
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a  fat  containing  a  certain  amount  of  free  fatty  acid,  forms  an  emuUion  wift*    i 
an  alkaline  ni]i()  more  reailily  tliao  does  a  quite  neutral  fat.     A  drop  of 
rancid  oil  let  fall  on  the  surface  of  an  alkaline  fluid,  such  as  a  solution  of 
sodium  carbonate  of  suitable  Btreugth,  rapidly  forms  a  broad   ring  of  emul- 
sion, and  that  even  without  the  tcast  agitation.      As  saponification  takes 
place  at  the  junction  of  the  oil  and  alkaline  fluid  currents  are  set   up,  by      I 
which  globules  of  ui!  are  detached  I'rotu  the  main  drop  and  driven  out  iu  a 
centrifugal    direction;    the  intensity  of   the    currents  and    the  consequent 
amount  of  emulsion  depend  on  the  concentration  of  the  alkaline  medium 
and  on  the  solubility  of  the  aoa|)3  which  are  formed.     Now  the  bile  and     ' 
pancreatic  juice  supply  just  such  conditions  aij  the  above  for  emulsionizing 
fats;  they  both  together  afford  an  alkaline  medium,  the  pancreatic  juice 
gives  rise  to  an  adequate  amount  of  free  fatty  aci<I,  and  the  bile  in  addition      ' 
brings  into  solutiou  the  soaps  as  they  are  formed.     So  that  we  may  speak  of 
the  emulsion  of  fats  in  the  small  intestine  aa  being  carried  on  by  the  bile 
and  pancreatic  juice  acting  in  coDJunclt<in  ;  and  as  a  matter  of  fact  the  bile      , 
and  pancreatic  juice  do  largely  emulsify  the  contents  of  the  small  intestine,      i 
so  that  the  grayish  turbid  chyme  is  changed  into  a  creamydooking  fluid, 
which  has  been  sometimes  called  chyle.     It  is  advisable,  however,  tf)  reserve     I, 
this  name  for  the  contents  of  the  lacteals.     Alany  of  the  fats  present  in  food,     |j 
for  instance,  butter,  already  contaia  some  fatty  acids  when  eaten  ;  for  these     ! 
f&lB  the  initial  action  of  the  pancreatic  juice  is  less  necessary.  I 

This  mutual  help  of  bile  and  pancreatic  juice  in   producing  an  emulsion 
explains  to  a  certain  extent  the  controversy  which  long  existed  between  those 
who  maintained  that  the  bile  and  those  who  maintaineil  that  the  pancreatic 
juice  was  necessary  for  the  digestion  and  absorption  of  fatty  food.     That  the 
pancreatic  juice  does  produce  in  the  intestine  auch  a  change  as  favors  the 
transference  of  neutral  fats  from  the  intestine  into  the  lacteals  is  shown  by 
the  fact  that  in  diseases  affecting  the  pancreas  njuch  fatty  food  frequently     t 
passes   through  the  intestine  nndig«^st^d  and  great  wasting  ensues;  but  it 
cannot  be  maintained  that  the  pancreatic   juice  is  the  sole  agent  in   this 
matter,  since  in  aninialsin  which  the  pancreatic  ducts  have  been  successfully 
ligature<l  chyle  is  still  found  in  the  lacteals.     On  the  other  hand,  that  th© 
bile  is  of  use  in  the  digestion  of  fat  is  shown  by  the  prevalence  of  fatty     ' 
stools  in  cases  of  ohatruclion  of  the  bile-dncta;  and  though  the  operation  of"^ 
ligaturing  the  bile-ducts  and  leading  all  the  bile  externally  through  a  fistula* 
of  the  gall-bladder  is  open  to  objection,  since  it  in  some  way  or  other  so 
exhausts  the  animal  as  indirectly   to   affect  digestion,   still   the  results  of^ 
experiments  in  which    the    resorption  of  fat  was   distinctly  lessened  (th^  | 
quantity  of  fat  in  the  lacteals  falling  from  3.2  to  0.2  per  cent.)   by  th^^  ' 
ligature  and  fistula  obviously  point  to  the  same  conclusion.     That  in    man. 
the   succns   entericus  possesses   a  wholly  insufficient  emulsifying  power  i»- 
shown  by  the  observation  of  a  case  in  which  the  duodenum  opened  on  tbo^< 
surface  by  a  Bstula  in  such  a  way  that  the  lower  part  of  the  intestine  could^ 
be  kept  free  from  the  contents  of  the  upper  part  containing  the  bile  an<M-  , 
pancreatic  juice  and  matters  proceeding  from  the  stomach.    Fats  intr<xluce<ft- 
into  the  lower  part,  where  they  could  not  be  acted  upon  either  by  the  bile  oc*"' 
by  the  pancreatic  juice,  were  but  slightly  digested.     Without  denying  th^' 
possible  assistance  of  the  succns  entericus,  or  even  of  gastric  juice,  we  may^  , 
conclude  that  the  digestion  of  fat  is  in  the  main  carried  out  by  the  conjoins^  l 
action  of  bile  and  pancreatic  juice.  I 

§282.  We  have  seen  (§  247")  that  the  addition  of  bile  to  a  digestin|5 
mixture  gives  rise  to  a  precipitate.     This  is  partly  a  coarse,  flocculent  pre- 
cipitate, consisting  of  parapeptone  with  some  amount  of  bile  acids,  anW 
partly  of  a  finer,  more  granular  precipitate,  which  is  longer  in  falling  down 
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consists  chiefly  of  bile  acids  with  a  variable  amount  of  peptone ;  the 
is  redisflolved  on  the  further  addition  of  bile,  even  though  the  reaction 
of  the  miiture  remain  acid.  In  the  upper  part  of  the  dundeniim  the  inner 
sur&ce,  if  examined  white  digestion  is  going  on,  is  found  to  be  lined  by  a 
colored  flocculent  and  granular  material,  which  is  proljubty  a  precipitate 
tliUA  formed ;  the  purpose  of  this  precipitaliou  Is  probably  to  delay  the 
pMMige  of  the  undigested  parapeptone  along  the  duodenum.     Moreover^ 

r"t  from  this  precipitation,  bile  arrests  the  action  of  pepsin,  even  while 
reftctioD  of  the  mixture  Btill  remains  acid  ;  and  as  soon  as  an  alkaline 
reaction  is  established  the  pepsin  is  apparently  destroyed  by  the  trypsin,  so 
thflt  with  the  flow  of  bile  and  pancreatic  juice  into  the  duodenum  the  pro- 
rranrn  which  have  been  going  on  in  the  stomach  come  to  an  end.  In  fact,  it 
would  seem  that  the  juices  of  the  various  districts  of  the  alimentary  (^nal 
are  mutually  destructive;  thus,  while  pepsin  in  an  acid  Bolution  destroys  the 
active  constituents  of  saliva  and  of  pancreatic  juice  (probably  also  those  of 
the  succus  entericus),  it  is  in  its  turn  antagonized  or  destroyed  by  the  bile 
and  the  other  alkaline  juices  of  the  intestine,  ilence,  pancreatic  juice  intro- 
duced through  the  month  must  lose  its  powers  in  the  stomach,  and  can  only 
be  of  ose  as  an  alkaline  nte<lium  containing  certain  proteid  matters.  On 
the  other  band,  if,  as  we  have  reason  to  believe,  the  contents  of  the  stomach 
ts  they  issue  from  the  pylorus  still  contain  a  large  quantity  of  undigested 
proteids,  these  must  be  digested  by  the  pancreatic  juice  (with  or  without  the 
tsnstance  of  the  succus  entericus),  the  action  of  which  scorns  to  be  assisted, 
or  at  least  not  hindered,  by  bile.   And  in  dogs  fed  through  a  duodenal  fistula.  'i 

¥i  that  all  gastric  digestion  is  excluded,  proteids  are  completely  digested  and  | 

give  rise  to  quite  normal  feces.     To  what  stage  the  pancreatic  digestion  is  j 

carried,  whether   peptone  is  practically  the  only  product,  or  whether  the  ! 

pftDcreaiic  juice  in  the  body,  as  out  of  the  body,  carries  on  its  work  in  the  | 

noK  destructive  form,  whereby  the  proteid  material  subjected  to  it  is  so  i 

broken  down  as  to  give  rise  to  appreciable  quantities  of  leunin  and  tyrosin, 
ii  it  present  not  exactly  known.  Leucin  and  tyrosin  have  been  found  in 
tb«  intestinal  contents,  and  may  therefore  be  formed  during  normal  digestion^ 
but  whether  an  insignificant  quantity  or  a  considerable  quantity  of  the  pro- 
tei'i  niAlerial  of  food  is  thus  hurried  into  a  crystalline  form  cannot  be 
I  dafittitely  stated.  The  extent  to  which  the  action  is  carried  is  probably 
I  dUferent  in  difierent  animals,  and  probably  varies  also  according  to  the 
I  nature  of  the  meal  and  the  c<mdition  of  the  body.  Possibly  when  a  large 
k  tad  nnneceesary  quantity  of  proteid  material  is  taken  at  a  meal,  together 
^H  *ith  other  substances,  no  inconsiderable  amount  of  the  proteids  undergo  this 
^B  prvfuund  change,  and,  as  we  shall  see,  rapidly  leave  the  body  as  urea  without 
^P  aving  been  used  by  the  tissues,  their  coutribuiioD  to  the  energy  of  the  body 
^  Wng  limited  to  the  heat  given  out  during  the  changes  by  which  they  are 
*"tTerted  into  urea.  To  this  apparently  wasteful  use  of  proteids  we  shall 
Wum  in  speaking  of  what  is  called  the  "  luxus  consumption  "  of  food. 

$S83.  In  dealing  with  the  action  of  pancreatic  juice  wo  drew  attention 
(i2'19)  to  the  difference  between  the  results  of  pure  tryptic  digestion  and 
uuae  obtained  when  bacteria  or  other  microorganisms  were  allowed  to  be 
piVKnt.  We  saw  that  indol,  for  example,  was  the  product  of  the  action  of 
*^  organisms,  not  of  trypsin.  Now  indol  is  formed  in  varying  quantity 
(inriug  tbe  digestion  which  actually  takes  place  in  the  intestine,  some  of  it  at 
^Qiti  appearing  in  the  urine  as  indigo-yielding  substance  (indican).  More- 
(■v^r,  bftcteria  and  other  microorganisms  are  present  in  the  intestinal  COD- 
^ti.  Hence,  we  must  regard  the  changes  taking  place  in  the  intestine  not 
ttlbe  pure  results  of  the  action  of  the  several  digestive  juices,  but  as  these 
ntultd  modified  by  or  mixed  with  the  results  of  tbe  action  of  microorganisms. 


J 


394 


THS    T1SSUKB    AND-   UKCUAM8H.S    UF    DIOKSTIOX 


We  spoke  above  (§  247)  of  bile  as  being  antiseptic,  but  this  roost  be  tin<ler* 
stood  as  meaning  not  Uiat  the  presence  of  bile  arreflU  the  action  of  all  micro 
orgaaisms  within  the  intestioe,  but  that  it  modifies  their  action,  keeping  it 
within  certain  limits  and  along  certain  lines. 

CoDceming  the  exact  nature  and  extent  of  the  changes  thus  due  t<i  micro* 
organisms,  our  knowledge  is  at  present  very  imperfect.  The  proteids  and 
the  carbohydrates  seem  to  be  the  food  stutTH  on  which  these  organisnu  pro 
duoe  their  chief  oflect.  Out  of  the  proteids  tliey  give  rise  not  only  t*»  indol. 
but  to  several  other  compouudi*,  among  which  may  l>e  mentioned  pbenol 
(C^H^O).  of  which  a  small  quantity  may  be  recognized  in  the  feces,  tn«  r«st 
being  absorbed  and  appearing  in  the  urine  in  the  form  of  certain  phenol* 
oooopouDdSf  such  as  phenyl  sulphuric  acid.  Out  of  proteids  they  may  abo 
form  the  peculiar  poisonous  b'xiies  called  ptonuiitw^,  which  appear  in  the 
ordinary  putrefaction  oV  proteids.  But  their  most  conspicuous  effects  mtm 
those  00  the  carb(»hydratefi.  As  the  foiKi  descends  the  intestine,  the  prenooe 
of  lactic  acid  becomtfS  more  and  more  obvious:  indeed,  in  some  caaot  tht 
naturally  alkulinc  reacti'in  of  liie  intestinal  contents  may  in  the  lower  part 
of  the  intestine  be  changeil  iut^j  an  acid  une  by  the  presenoe  of  lactic  acid. 
Now,  lactic  acid  may  be  formeil  out  of  sugar  by  tneana  of  a  special  orgauiam 
inducing  what  is  8™)ken  of  as  the  lactic  Hci<i  fermcntatidn.  And  we  have 
every  reason  to  believe  that  in  even  normal  digestion  a  certain  quantity  of 
sugar,  either  ejiten  as  such  or  arising  from  the  amylolytic  conversion  of 
•tarch,  does  not  pass  away  from  the  interline  into  the  blood  as  sugar,  but 
undergoes  Uiis  fernientatiou  into  lactic  acid.  To  what  extent  thb  changi* 
takes  place  we  do  not  know  ;  the  amount  probably  varies  according  to  the 
amount  of  carbohydrates  eaten,  the  condition  of  the  alimeotanr  canal,  and 
other  circumstances.  It  may  be  under  certain  circumstances  simply  a  part 
of  normal  digestion;  under  other  circumstances  it  may  be  excoHtve  and 
give  rise  to  troubles. 

That  fermentative  changee  may  occur  in  the  small  intestine  is  further 
indicated  by  the  facts  that  the  gas  there  present  may  contain  free  hydrogen, 
and  that  chyme,  afler  removal  from  the  luteatine,  continues  at  the  tempera- 
ture of  the  body  to  produce  carbonic  acid  and  faydn^gen  in  equal  volumes. 
This  suggests  the  possibility  of  the  sugar  of  the  intestinal  contents  under- 
going the  butyric  acid  fermontatiun,  during  wliich,  ns  is  well  known,  carbonic 
anhydride  and  hy<lrogen  are  evolved.  Hy  this  change  the  sugar  is  removed 
from  the  carbohydrait-  group  into  ihe  fatty  acid  group:  it  is  thus,  so  Ui  speak, 
put  on  its  way  to  lH*oome  fat.  We  shall  see  hereaAer  that  sugar  may  be 
somewhere  in  the  body  con verle<l  into  fat;  this  conversion,  however,  takes 
place  chietiy  if  not  wholly  in  the  tissues,  and  such  change  as  may  take  plaoe 
In  the  alimentary  canal  is  to  be  regarded  as  suggestive  rather  than  as 
important 

The  hydrogen  thus  occurring  in  the  intestine  may  also  arise  from  the 
pn»teid  dec/)mpo«ition8  spoken  of  above.  However  arising  it  may  act  as  a 
re«lucing  agent — re<luoing  sulphates,  for  instance — and  thus  giving  rise  to 
sulphides  and  to  sulphuretted  hydn>gen ;  as  a  retiuciug  agent  it  aansli  Id 
the  formation  of  the  frciil  and  urinary  pigments. 

Thus,  during  (he  transit  ot  the  food  through  the  small  intestine,  by  the 
action  of  the  bile  and  iiancreatic  juice,  and  posaibly  to  some  cxt^^nt  of  the 
succus  entericus.  assinted  by  various  microorganisms,  the  proteids  are  i^WfeM 
dissolved  and  cjjovcrtoil  into  peptone  and  other  products,  the  starcli  Q 
ehanged  intf>  sugar,  the  sugar  possibly  being  in  part  further  oaovert«d  ialo 
lactic  and  other  acids,  and  the  tats  are  largely  emul^iH^vl  and  to  someeztiat 
saponiBed.  These  products  as  they  are  former!  pass  intn  either  tlie  lacleals 
or  the  portal  bloodvessels,  so  that  the  contents  of  the  small  intestine,  by  tlM 
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\hty  reach  the  ileo  e:ecal  valve,  are  largely  but  by  no  meauR  wholly 
deprived  of  their  uutritious  constituents.  So  far  as  water  is  coucemedf  tlie 
lecretirto  of  water  into  the  small  intestine  maintains  such  a  relation  t*)  the 
abiorption  from  it  that  the  intestioal  contents  at  the  en<l  of  the  ileum, 
though  much  changed,  are  about  as  fluid  as  in  the  duodenum. 


In  the  Large  Iniestine, 

.^2M.  The  contents,  whether  alkaline  ornot,  in  the  ileum  now  become 
once  more  di*linclly  acid.  This,  however,  is  not  caused  by  any  acid  secretion 
fmm  the  mucius  membrane ;  the  reaction  of  the  intestinal  walls  iu  the  large 
uio  the  small  intestine  is  alkaline.  It  must,  therefore,  arise  from  acid  fer- 
oeobitiona  going  on  in  the  contents  themselves  ;  and  that  fermentations  do 
gDOQ  b  shown  by  the  appearance  of  marsh  gas  as  welt  as  hydrogen  in  this 
portion  of  the  alimeutary  canal.  Tbe  character  and  amount  of  fermentation 
prohtbly  depend  largely  on  the  nature  of  the  food,  and  probably  also  vary 
IS  different  animals. 

Of  the  particular  changes  which  take  place  in  the  large  intestine  we  have 

fptj  definite  knowledge  ;  hut  it  is  exceedingly  probable  that  in  the  volu- 

um  of  the  herbivora  a  large  amount  of  digestion  of  a  peculiar 

■dtoes  on.  We  kaow  that  in  hcrbivora  a  considerable  rjuantity  of  cellu- 
Ion  oittppears  in  passing  through  the  alimentary  canal,  and  even  in  man 
mneis  digested.  It  seems  probable  that  this  cellulose  digestion  takes  place 
is  Ike  large  intestine,  and  is  the  result  of  fermentative  changes  carried  out 
tnr  Beans  of  microorganisms,  marsh  gas  being  one  of  the  products  formed  at 
tMMme  time. 

Be  this  as  it  may.  whether digestirm,  properly  so  called,  is  all  but  complete 
»t  ibe  ileo-cjEcal  valve,  or  whether  important  changes  still  await  the  chyme 
IB  ihe  large  intestine,  one  great  characteristic  of  the  work  done  in  the  colon 
ttftbiorption.  By  the  abstraction  of  all  the  soluble  constituents,  and  eepe- 
oallj  by  the  withdrawal  of  water,  the  liquid  chyme  becomes  as  it  approaches 
t^  rectum  converted  into  the  firm  solid  feces,  and  the  color  shifU  from  the 
hriffht  orange,  which  the  gray  chyme  gradually  assumes  after  admixture 
*ito  bile,  into  a  darker  and  dirtier  brown. 


B^  isdifei 
■     Oftl 


The  Feces. 

iS8d.  These  consist  lu  the  Grst  place  of  the  indigestible  and  undigested 
MMitueota  of  the  meal  ;  shreds  of  elastic  tissue,  hairs  and  other  horny  ele- 
BtMS.  much  cellulose  and  chlorophyll  from  vegetable,  and  some  connective 
tMn«  from  animal  food,  fragments  of  disintegrated  muscular  fibre,  fat-cells^ 
ttd  Dot  unfre<]uently  undigested  starch-corpuscles.  The  amount  of  each 
Unit  of  course  vary  very  largely  according  to  the  nature  of  the  food,  and 
^digestive  powers,  temporary  or  permanent,  of  the  individual.  In  the 
MDDod  place,  to  these  must  be  added  substances  not  distinctly  recognizable  as 
pMsorthe  food  but  derived  for  the  most  part  from  the  secretions  of  the 
•I'mentnry  canal.  The  feces  contain  mucus  in  variable  amount,  sometimes 
Albumin,  cboleaterin,  butyric  and  other  fatty  acids,  lime  and  magnesia  aoafis, 
mattere,  and  inorganic  salts,  especially  earthy  phoaphatee,  crystals  of 
^flMmio'mftgnesia  phosphates  being  very  conspicuous.  The  reaction  is  gen- 
tly hut  not  always  acid.  They  also  contain  a  ferment  similar  in  its  action 
fo  pepsin,  and  an  amylolytic  ferment  similar  to  that  of  saliva  or  pancreatic 
joicc  The  bile  salts  are  represented  by  a  small  quantity  of  cholulic  acid, 
<fKme  product  of  that  body,  and  sometimes  a  very  small  quantity  of  taurin. 


fvts  or  I 
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*lbumin, 
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The  glycio  and  tnoBt  or  all  of  the  tanrin  have  been  absorbed  from  the  intes- 
tine, and  the  nholfilic  acid  has  been  partly  ahsorbed  aiuj  partly  decomniised. 
The  fact  that  the  feces  become  "clay-colored  "  when  the  bile  is  cut  off  from 
the  luteHtiue  shows  that  the  bite-pi^tueut  is  at  least  the  mother  of  the  fecal 
pigment;  and  a  special  j»igment,  which  has  been  isolated  and  called  aterco- 
Dilin,  is  said  to  be  identical  with  the  substance  called  urobiliu,  which  may 
be  formed  from  bilirubin.  Aa  other  special  conslituenta  of  the  feces  may  be 
mentioaed  ejcrelin,  a  somewhat  complex  nitrogenous  body,  whose  exact 
chemical  nature  is  at  present  uncertain,  and  :tk(ttfj  (C,H,N)»a  nitrogenous 
body  which  like  indol  is  derived  from  the  decomposition  of  proteids  by  means 
of  microorganisms,  and  which  is  the  chief  cause  of  the  fecal  odor,  since  only 
a  small  quantity  of  indol  remains  in  the  feces.  These  odoriferous  bodies  are 
derived  directly  from  the  food;  at  the  same  time  it  is  quite  possible  that 
other  specific  odoriferous  substances  may  be  secreted  directly  from  the  intes- 
tinal wall,  especially  from  that  of  the  large  intestine. 


The  Lacteals  and  the  Lymphatic  System. 


§  286.  We  have  seen  that  absorption  does,  or  at  least  may  take  place, 
from  the  stomach.  We  have  also  stated  that  a  large  abeorption,  especially 
of  water,  occurs  along  the  whofe  large  intestine.  Nevertheless,  it  is  during 
the  transit  of  food  along  the  small  intestine  that  the  largest  and  most  import- 
ant part  of  the  digested  material  passes  away  from  the  canal,  partly  into  the 
lacteals,  partly  into  the  porta]  vessels.  The  portal  vessels  are  simply  parts 
of  the  general  vascular  system  ;  the  lacteals,  into  which  we  may  at  once  say 
the  greater  part  of  the  fat  passes,  are  similarly  parts  of  the  general  lym- 
phatic system,  being  in  fact  the  lymphatic  vessels  of  the  alimentary  canal, 
and  CHpccially  of  the  small  intestine.  The  only  reason  for  the  special  name 
of  lacteals  is  that,  unlike  the  lymphatic  vessels  of  other  parts  of  the  body, 
the  lymphatics  of  the  intestine  contain  at  times  a  Huid  of  a  milky  white 
appearance.  Hence  for  the  better  understanding  of  absorption  by  the  lac- 
teals it  will  be  desirable  to  study  at  some  length  the  whole  subject  of  the 
lymphatic  system. 

The  lymphatic  vessels  may  be  said  to  begin  in  minute  passages,  possessing 
special  chanictera,  known  as  Ipnph-capillarim.  Broadly  speaking  these 
lymph-capillaries  are  found,  in  the  mammal,  in  all  parts  of  the  body  in 
which  connective  tissue  is  found  ;  and  they  have  special  connections  with 
these  minute  spaces  in  connective  tissue  which  we  have  already  more  than 
once  spoken  of  as  lymph -spaces.  Of  all  the  varied  functions  of  connective 
tissue  perhaps  the  most  important  is  this  relation  to  the  lymphatic  system  ; 
in  nearly  every  part  of  the  body  connective  tissue  serves  aa  the  bed  or  origin 
of  lymphatic  vessels. 

These  lymph-capillarieB,  which,  as  we  shall  see,  are  frequently  arranged  in 
plexuses^  are  continuous  with  other  passages  also  minute  but  of  a  different 
and  more  regular  structure,  the  lymphatic  vessels  proper,  which  are  gathered 
into  larger  and  larger  vessels,  all  running  like  the  bloodvessels  in  a  bed  of 
connective  tissue,  until  at  last  all  the  lymphatic  vessels  of  the  body  join 
either  the  great  thoracic  duct  which  opens  by  a  valvular  orifice  into  the 
venous  system  at  the  junction  of  the  left  jugular  and  subclavian  veins,  or 
the  small  right  lymphatic  trunk  which  similarly  opens  into  the  junction  of 
the  right  jugular  and  subclavian  veins.  The  latter  course  is  taken  by  the 
lymphatics  of  the  right  side  of  the  head  and  neck,  the  right  arm,  the  right 
aide  of  the  chest,  the  right  lung  and  the  right  side  of  the  heart,  as  well  aa 
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1008  venels  oomiDg  from  part  of  the  upper  eurface  of  the  liver  ;  all  the 
of  the  lymphatics,  inciuding  the  lacteala,  fall  into  the  thoracic  duct. 

Ute  lymphatic  vessels,  M'hile  like  the  veins  they  joiu  in  their  course  into 
bmr  and  larger  trunks,  do  not  increase  in  calihrc  bo  rapidly  or  so  regularly 
ai  00  the  veins;  they  may  run  for  some  distance  without  greatly  increasing 
ioHie;  and  further  they,  unlike  the  veiuti,  freely  auaatomose,  forming  plex- 
BM.  Moreover,  during  their  course  they  enter  into  peculiar  relations  with 
itractUTCi  known  as  lymphatic  glands. 

It  will  be  advantiigeoua  Lo  consider  scparaLtdy  the  lytnphatic  vessels 
•HhtT  than  the  lymph -capillaries,  the  lymplii-capillaries  themselves,  and  tho 
hmpbatic  glands, 

K  •  The  Lymphatic  Vessels. 

^^{887.  On  these  we  need  not  dwell  at  length  since  their  structure,  in  all 
^BMitJa]  respects,  resembles  that  of  the  veins.  The  thoracic  duct,  which  in 
iBuhas  its  lower  end  where  it  is  widened  into  what  ia  sometimes  called  the 
fmiacuium  chyli  a  diameter  of  six  or  seven  inilliinetres,  but  is  narrower 
Ugner  up,  may  be  said  to  ptissess  three  coats.  The  inner  coat  consists  of  a 
liver  of  fusiform  epithelioid  cells,  not  unlike  thutie  in  a  vein  but,  more  eton- 
giteuid  with  a  tendency  to  he  sinuous  in  outline,  and  of  a  Blender  elastic 
Umjoa  on  which  these  rest.  The  middle  coat  consists  of  line  bundles  of 
pliia  muscular  tibrcs,  which  are  for  the  most  part  disposed  circularly  but 
tin  to  a  certain  extent  obliquely  and  even  longitudinally.  The  spaces 
between  the  bundles  of  muscular  fibres  are  occupied  by  connective  tissue 
nd  networks  of  elastic  fibres.  The  outer  coat,  which  ia  not  well  defined 
«tber  from  the  middle  coat  on  the  one  side  or  the  connective  tissue  surround- 
ing ihe  duct  on  the  olheraide,  consists  chiefly  of conuective  tissue  with  elastic 
fsieiQeats,  a  few  muscular  fibre.'*  being  sumelitues  present.  The  wall  of  the 
ibortdc  duct  is  essentially  muscular,  and  from  the  scantiness  of  connective 
tiaae  and  of  elastic  elements  is  more  tender,  more  apt  to  be  torn  than  the 
■ill  uf  a  vein  of  corresponding  size.  Numerous  valves  are  present,  these 
Itkf  tiie  valves  of  the  veins  being  foldinga  <)f  the  inner  coat. 

The  smaller  vessels  resemble  in  structure  the  thoracic  duct,  the  coats  being 
ofctturae  more  slender.  In  the  majority  of  even  smaller  lymphatic  vessels  the 
ciukular  fibres  are  abundant.  Valves  are  especially  numerous,  and  in  many 
'jMhe  vessels,  as  for  instance  in  those  of  the  mesentery,  just  above  each 
ulve,  where  the  tube  is  somewhat  swollen,  the  muscular  fibres,  which  elsc^- 
*li«r«  are  chiefly  disposed  circularly,  run  in  various  directions  so  as  to  form 
•  cootmctile  network. 

The  smallest  vessels,  springing  from  the  distinct  lymph-capillaries  to  l)e 
'aacdiately  deecribed,  consist  uf  hardly  mure  than  an  epitheli<jtd  lining 
^vtiog  on  a  scanty  connective-tissue  basis.  The  epithelioid  cells  are  still 
AiifonD  and  regular  in  shape,  and  the  calibre  of  each  vessel  is  fairly  uniform 
t^gh.  owing  to  the  valves  which  are  exceedingly  numerous,  there  is  a 
peat  tendency  to  become  beaded.  These  smaller  vessels  like  the  others  also 
■Uitomoee  freely. 


^^m 


Lymph' GapUlarles, 


The  smallest  lymphatic  vessels  just  described  might,  from  analogy 
"ilh  the  bloodveaaeU,  almost  be  considered  as  capillary  ves.selH ;  but  the 
Qtrut!  lymph-capillaries  is  given  to  vessels  which  joining  and  feeding  those 
jwt  descrioeil  possess  very  diH'ercut  characters.  They  are  on  the  whole 
lugtr  iD  calibre  than  these,  and  distinctly  larger  than  blood  capillaries; 
^  are  exceedingly  irregular  in  shape,  and  in  their  junctions  with  each 
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other  Jorm  irregular  labyrinths  rather  than  tormal  plexuses;  they  pneaee*  do 
valves  and  their  only  coat  is  an  epithelium  ol*  a  very  striking  characlrr. 
Like  the  blood  capillaries  their  structure  is  revealed  by  the  action  of  silver 
nitrate.  When  a  piece  of  tisBue  containing  lymph-capillaries,  c.  ^.,  one 
taken  from  the  tendinous  portion  of  the  diaphragm,  is  examined  tiAer  proper 
treatment  with  eilver  nitrate,  nuuieroua  spaces,  on  (he  whole  tubular  but 
highly  irregular  in  form,  joining  into  an  irregular  labyrinth,  am  sron  to  b« 
lined  with  a  layer  of  epithelioid  platee  of  a  peculiar  kind.  Each  plate  or 
cell,  which  is  more  or  less  polygonal  or  at  lonst  not  distinctly  fusiform,  is 
marked  out  by  lines  which  are  not  straight  and  even,  but  very  markedly 
sinuous,  the  several  bulgiugs  of  one  cell  dove-tailing  into  the  depressions  of 
its  neighbors  and  vice  versa.  Such  epithelioid  plates  of  ninuous  outline,  or 
Buoh  a  BiDUOUS  epithelium,  as  we  may  for  brevitv'ti  sake  say,  is  characteristic 
of  the  lymph-capillaries.  A  lymph-cjipillary  is  in  fact  merely  a  space  or 
areola  of  connective  tissue,  sometimes  more  or  less  tubular  but  frec^ueutly 
irregular  in  form,  lined  by  a  single  layer  of  flat,  trauHparent,  nucleated 
epithelioid  plates,  each  of  which  possesses  a  remarkably  sinuous  outline.  The 
lymph-capillaries  anastomose  freely  with  each  other  and  open  into  or  join  the 
smallest  regular  lymphatic  canals,  which,  many  of  them  smaller  than  the 
lymph-capillaries,  are  distinguished  from  these  by  their  more  regular  dispo- 
sititm.  by  their  epithelioid  plates  being  fusiform  with  very  little  sinuosity  of 
outline,  and  by  toe  presence  of  valves. 

The  lacteal  radicle  of  a  villus  (<;  26ti)  is  such  a  lymph-capillary,  more  or 
less  tubular  in  form,  or  |>crhap8  club-shaped  and  sometimes  bifurcato  or 
branched,  placed  by  itself  in  the  midst  of  the  reticular  tissue  of  the  villas, 
ending,  or  as  we  should  perha{is  say  beginning,  blindly  near  the  a[>ex  of  the 
villus  and  joining  below  by  a  valvular  mouth  a  regular  lymphatic  canal 
forming  part  of  the  network  of  regular  lymphatic  vessels  with  wnich  as  well 
as  with  lymph-capillariefi  the  oonnective  tissue  of  the  mucous  membrane  b 
furuished. 

In  other  parts  of  the  body  where  connective  tissue  runs,  lymph-capillaries 
are  more  or  less  abundant,  all  passing  their  contents  on  to  the  more  regular 

lymphatic  canals.  In  certain  parts,  aa 
for  instance  in  the  central  nervous  sja- 
tem,  the  smaller  bloodvessels  are  sur> 
rounded  by  large  Ivroph-capillariea,  or 
by  regular  lymphatic  vessels,  in  the 
shape  of  tubular  sheaths.  In  tliew 
cae«e  the  lymph-capillary  forms  a  son 
of  hollow  jacket  around  the  artery  or 
vein  which,  covered  with  a  layrr  of 
sinuous  epithelioid  plates,  lies  in  the 
middle  of  a  tubular  space  lined  with 
smaller  sinuous  plates.  The  plasma 
which  exudes  through  the  walU  of  the 
bliMxlvessel  passes  accordingly  at  onoe 
into  the  tubular  space  or  interior  of  the 
lymph-capillary,  whence  it  is  carried 
away  iuUt  the  regular  lymphatic  csoals^ 
Such  un  arruDgemeut  is  sp«iken  of  as 
»  "  perivttgx'ular  lyrn|»halic."[Fig,  121.] 
§889.  The  lymph-capillaries  may  In 


[Pn».izi. 
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one   sense  he   n'garde<i    as   llie 
nings  of  the  lymphatic  ayiitem  ;  they  are  the  first  lymnhatic  pamagca 
nitely  lined  with  a  continuous  epithelium.     But  lymph  exists  on'  ^* 
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PapillAriet.  In  treatiuz  of  connective  tissue,  ^  105,  we  more  tban  once  spoke 
of  the  spaces  between  tlie  interlacing  buufJlen  nf  fibrittie  as  lymph-spaces; 
im)  indeed  they  are  during  life  occupied  by  fluid  which  may  be  spoken  of  a» 
\}m\i\i.  It  is  fluid  which  has  in  some  way  or  other  passed  into  them  from 
Hit  blood  stream*  through  the  walls  of  the  capillaries  and  other  minute 
bloodreasels.  We  shall  speak  of  this  passage  as  a  process  of  transudation 
ud  shall  consider  it«  nature  later  on.  Many  of  the  larger  of  these  spaces, 
ihe  iredlfB  of  areolar  connective  tissue,  are  completely  lined  by  epithelioid 
platM  with  sinuous  outlines;  these  are  in  fact  lymph-capillaries.  But 
I  Buy  spaces,  especially  the  smaller  onta,  are  not  so  Hued  ;  thc^c  lie  out- 
^■•dt!  the  lymph-capillaries.  Nevertheless  they  contain  lymph,  which  reach- 
^■ing  them  by  transudation  through  the  walls  of  the  bloodvessels,  streams 
^■ihtm  Lhcm  in  some  way  or  other  into  the  lymphcapiilaries  and  so  into  the 
^^ other  lymphatic  vessels.  Colored  fluid  injected  by  means  of  a  fine  syringe 
iato  these  spaces  soon  finds  its  way  into  the  lymphatics  ;  and  besides,  in  tho 
ti0l  majority  of  cases,  a  certain  number  of  these  spaces  always  intervene 
bftween  the  wall  of  the  capillary  or  other  small  bloodvessels  from  whence  the 
Ipiph  comes  and  the  lymph-capillary  to  which  the  lymph  goes;  the  lymph 
Ditut  have  some  means  or  other  of  passing  from  the  spaces  into  the  lympb- 
ctpUlary.  It  is  of  course  posiiible  that  the  lymph  transudes  from  the 
lymph-space  into  the  lymph-capillary  through  the  continuous  sheet  of 
tpitnelioid  plates,  in  the  same  manner  that  it  transudes  from  the  blood- 
cspillary  into  the  lymph-space  through  the  similarly  continuous  wall  of  the 
cifiillary ;  but  there  are  same  reiuong  tor  thinking  that,  at  places  the  epithe- 
lioid lining  of  a  lymphatic  oa]ullary  may  be  im[>erfect  an<l  so  allow  the 
ioterior  of  the  lymph-capillary  to  open  out  into  a  connective- tissue  space. 

It  will  be  remembered  that,  in  the  case  of  some  of  these  spaces,  a  con- 

tMCtiTe-tissue  corpuscle  may  be  found  lying  on  the  face  of,  or  partly  imbedded 

in. one  of  the  bundles  which  form  the  walls  of  the  space ;  and  in  some  cases 

thsipAoe  appears  as  it  were  imperfectly  lined  with  scattered  flat  cells,  which 

^B  Bar  perhaps  be  regarded  as  transitional  furms  between  an  ordinary  branched 

^Kei>Qnective-tissue  corpuscle  and  a  sinuous  epithelioid  plate.     We  may  per- 

^B^pi regard  the  epithelioid  plate  as  a  diflerentmted  connective- tissue  corpuscle, 

^BvhoM  sinuosities  of  outline  are  the  remains  of  its  previuusly  branched  eoo- 

^tioQ.     If  this  be  so  we  may  consider  the  lymph-capillary  us  a  diflerenliated 

oonoeclive-tisaue  space,  and  consequently  may  fairly  expect  that  the  one,  if 

it  ^ttvs  uot  as  suggested  actually  open  into,  should  be  at  all  eventj4  in  easy 

kOpfflmimicaLion  with  the  other.  We  seem  justified  at  least  in  concluding  that 

ittMnpletely  lined  lymph-capillaries  draw  their  supply  of  lymph  from  the 

ipletely  linefl  connective-tissue  spaces. 
VV  may  probably  go  a  step  still  further.  Many  of  the  connective-tissue 
Lfiorptiscles  are  imbedded  in,  lie  in  cavities  excavated  out  of,  the  cement  sub- 
|JUaoe  which  unites  the  flbrill.i?  into  bundles  and  sometimes  joins  the  bundles 
ttifMber;  in  some  situations  the  corpuscles  are  similarly  imbedded  in  a 
mKigeneous  grouud  sultstance  which  has  not  become  differentiated  into 
^K^brilLe.  The  cavities  in  which  these  corpuscles  lie  are,  like  the  corpuscles 
^■thc&isclves,  branched  and  geuerally  flattened  ;  they  appear  moreover  to  be 
^BpCMrally  larger  than  the  corpuscles  so  as  to  leave  a  small  space  which  can 
^■aeoocQpied  by  fluid.  Where  two  corpuscles  lie  near  each  other  their  spooes 
••Jf,  by  means  of  the  bmnches,  communicate;  and  in  some  situations,  as  in 
'hs  hody  of  the  cornea  where  a  number  of  flattened  corpuscles  are  imbedded 
tB  the  lamina  of  ground  subi«tauce  which  unites  each  two  adjacent  parallel 
("f  rather  concentric)  lamiuse  of  fibrillate<f  bundles,  the  series  of  cavities 
BHtiog by  tbeir  branches  may  be  regarded  as  constituting  a  labyrinth  of 
largely  but  not  entirely  filletl  by  the  corpuscles^  space  being  left  for 
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Borne  amouDt  of  fluid.  That  fluid  we  need  hardly  say  ia  lymph.  And 
though  the  view  is  not  one  admitted  on  all  hands,  there  are  reasons  of  some 
weight  for  thinking  that  these  cavities  belonging  Uy  the  corpuscles  open  out 
into  the  coouective-tissue  space*  jtiet  treate^l  of  or  even  more  directly  into 
the  lymph-cauillari(%.  When  a  piece  of  connective  tissue,  such  for  instance 
aa  that  lying  between  the  ra<)iating  bundles  of  the  tendon  of  the  diaphragm 
on  the  pleural  side,  is  treated  in  a  particular  way,  the  result  is  what  is  called 
a  **  negative  staining  ;"  the  matrix  is  stained  brown  but  the  corpuiclea  and 
cavities  are  left  unstained,  and  appear  as  irregularly  branched  clear  patches 
standing  out  in  cuutraat  with  the  brown  matrix.  In  such  a  preparation 
many  of  these  clear  spaces  are  seen  to  abut  upon  and  apparently  to  loM 
themselves  in  a  neighboring  lymph-capillary,  which  also  always  stands  out 
in  contrast  to  the  matrix,  appearing  as  a  clear  space  marked  with  the  sinuous 
outlines  of  its  plates. 

Without  insisting  too  much  on  the  argument  drawn  from  this  negative 
atAining,  and  resting  rather  on  the  facts  previously  mentioned  and  on  general 
considerations,  we  may  probably  conclude  that  all  the  spaces  of  connective 
tissue,  including  the  cavities  of  the  corpuscles,  form  a  labyrinth  of  pasaagea 
which  is  to  be  considered  as  the  real  beginning  of  the  lyuipbatics,  and  lliM 
this  irregular  labyrinth  is  in  some  way  ur  other  in  fairly  free  communication 
with  the  more  regular  but  still  labyrinthine  lymph*capillariea,  lined  by  a 
definite  epithelioid  lining,  and  that  from  thence  the  lymph  passes  oa  to  the 
regular  and  valved  lymphatic  canals. 

Ail  over  the  body  wherever  bloodvessels  go,  connective  tissue  and  lytiiph- 
spaces  go  too.  Certain  parts  of  the  plasma  of  the  bloiMl  passing  through  the 
walls  of  the  bloodvessels  become  lymph  in  these  lymph-spaces.  As  such  it 
soaks  through  not  only  the  bundles  of  gelatiuiferous  tibrillie  of  the  con* 
nective  lissue  itself,  but  also  the  basement  membrane  and  so  the  epithelium 
of  the  mucous  membrane  and  its  glands,  the  uustriated  muscular  fibre,  the 
sarcolemma  and  muscle  substance  of  the  striated  fibre,  the  neurilemma  and 
contents  of  the  nerve-Hbre  of  nerves,  in  fact  the  elements  of  all  the  tissues 
which  are  supplied  with  bbxMivessels.  More  than  this,  lymph  goes  where 
bloodvessels  do  not  go,  and  in  these  situations  the  value  as  lymph-pMBages  of 
the  cavities  of  the  corpuscles  seems  most  striking.  In  (he  cornea  for  initukoe 
bloodvessels  and  detinitcly  constituted  lymphatic  vessels  oease  near  the 
periphery,  and  the  greater  part  of  the  nutrition  of  the  cornea  (beyond  that 
effected  by  what  we  may  call  mere  imbibition,  that  is  by  the  passage  of  fluid 
between  the  molecules  nf  the  actual  substance  of  the  tissue)  is  carried  on  by 
the  stream  of  lymph  through  the  corpuscular  cavities.  In  a  similar  way  in 
bone  lymph  fludu  it^  way  troin  the  bloodvessels  of  the  |>eriosteum,  marrow, 
and  liavenitlKU  canals  thn>ugh  the  very  sultslance  of  the  bone  by  meftoa  of 
the  laliyriulh  of  lacume  and  caualiculi.  And  in  cartilage  we  have  reeeon 
tu  think  that  minute  passages  in  the  matrix  facilitate  the  Irmnsmiasion  of 
lymph  from  the  tN*richondrium  through  the  body  of  the  cartilage  firom  carli* 
lage  cell  to  cartilage  cell,  far  more  efficiently  than  if  its  progress  were  left  to 
mere  imbibition.  The  somewhat  peculiar  relations  of  the  lymphatioi  in  the 
central  nervous  system  we  shall  consider  when  we  come  to  tn^at  of  that 
system.  .Meanwhile  we  have  said  encuigh  to  form  a  general  idea  of  the 
armngenientii  by  means  of  which  the  very  elements  of  all  tht*tt«i(ue«  are  bathed 
with  lymph,  and  by  means  of  which  that  lym[>h  is  cnrried  bark  fnmi  the 
elements  of  the  tissues  along  irregular  an<l  regular  lymphatic  ohannela  back 
to  thv  blfKHl  from  wbenci*  it  firiginally  came. 

$290.  The  tiefW0  cavitir4.  In  the  mammal  lymph-spaoes  are  for  tiie 
most  part  minute  and  microscopic;  but  in  some  other  animals  tbev  may 
Attain  considerable  size;  in  the  frog  for  instance  in  which  lymph-capilleriee 
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iphatic  vessels  are  scanty,  the  iarjje  subcutaneous  npacea  which  are 
1  when  the  skin  of  the  l)ack  is  cut  through  are  in  reality  lymnh- 
ipiew  lined  by  sinuous  epithelioid  plnt«8.  Both  in  the  maminul  aud  (Hner 
utratb  certain  large  cavitiei^,  known  a8  serous  cavities,  such  as  the  perito- 
MftI, pericardial,  pleural,  and  other  cavities,  must  Imj  considered  as  parts  of 
tbe  geoeral  lymphatic  system,  und,  indeed,  the  "  scrouj*  fluid"  which  they 
fDDtaiu  is  in  reality  lymph.  The  subarachnoid  space  surrounding  the  brain 
ud  jpinal  cord  may  also  perhajM  be  ruganied  as  a  part  of  the  lymphatic 
spwm,  hut  this  and  the  contained  cerebro  spinal  fluid  we  shall  consider  in 
conoection  with  the  central  nervous  system. 

Id  the  abdomen  of  the  frog:  on  each  side  of  the  vertebral  column,  behind 
or  above,  i.  ir.,  doreal  to  the  peritoneal  cavity,  lie«  a  large  lymph -space  spoken 
oft*  the  rifterna  motpm  iymphatica,  the  cavity  of  which  is  separated  from 
the  peritoneal  cavity  by  a  thin  membranous  sheet  consisting  of  a  median 
buig  of  connective  tissue  covered  on  the  peritoneal  side  by  i>eritoneal  epithe- 
lium and  on  the  cisterna  si<le  by  lymphatic  epithcllunL  The  lutter  consists, 
tttna  lymphatic  capillary,  of  flat  epithelioid  plates  with  sinuous  outlines; 
the  former  is  made  up  also  of  flat  e|iitfielioid  platen,  but  these  are  more  or  leas 
pnJTgoual  in  shape,  and  have  outlinc^«  which  are  not  distinctly  sinuous.  If  a 
pieoeof  this  partition,  after  l>etng  stained  with  silver  nitrate,  be  spread  out 
iod  Mamiue^i  either  with  the  [>eritoneiil  or  with  the  cisterna  side  uppermost, 
H  nil]  be  seen  that  in  each  case  here  and  there  a  group  of  cells  assuming  a 
triangular  form  apj>ear  to  converge  to  or  radiate  from  a  centre  which  sonie- 
tnsei,  espi'cially  on  the  lymphatic  side,  is  a  mere  point,  but  sometimes  \b  a 
Unter  or  a  smaller  hole,  which,  in  other  words,  is  an  orifice  or  ifio$na,  soroe- 
tioKB  closed  but  sometimes  more  or  less  open.  On  the  peritoneal  surface  the 
itomi  18  flurrouodefl  and  guanled  by  a  crown  of  what  appear  to  be  small 
inuiular  cells  placed  at  the  apices  of  the  converging  epithelioid  plates,  but 
which  are  held  by  some  to  be  the  displaceti  nuclei  of  the  epithelioid  plates 
th«nitelves.  Around  each  stoma,  which  is  in  reality  a  jierforation  leading 
fron  the  peritoneal  cavity  into  the  cistenia,  the  connective-tiaaue  basis 
b*»een  the  two  epithelioid  layers  is  arranged  in  a  concentric  mauner;  the 
^^>le  arrangement  servee  aa  a  communication  from  the  peritoneal  cavity 
'Jii'j  the  cistcrna,  and  by  these  stomata  the  peritoneal  fluid  passes  into  the 
cirtwoa  and  so  into  the  general  lymphatic  system.  Owing  to  causes  which 
vsihall  study  presently  the  contents  of  the  small  lymphatic  vessels  and  such 

rw  at  the  cistcma  are  continually  l^eing  drained  by  the  vascular  system  ; 
daterna  is  continually  tending  to  empty  itself  and  so  to  draw  fluid  from 
tlM  peritoneal  cavity  through  the  stomata.  In  the  female  frog  the  small 
piniilar  cells  encircling  the  ^^tomata  are  during  the  breeding  season  provided 
with  cilia,  the  action  of  which  increases  the  current  from  the  peritoneum 
»Miigh  the  stoma  into  the  cisterna. 

h  the  mammal  similar  stomata  place  the  serous  cavities  iu  connection 
tith  the  lymphatics  of  the  walls  of  those  cavities.  They  may  be  readily 
■m  in  the  tendon  of  the  diaphragm.  The  peritoneal  membrane  of  the 
; III  as  of  the  frog  consibts  of  a  single  layer  of  flat  epithelioid  plates 
.  >ti  a  connective-tissue  bafiis ;  the  plate:^,  smaller  than  those  in  the  frog, 
^  p«>lygonal  in  form,  and  their  outline  is  nut  sinuous.  On  the  tendon  nf 
tbf  diaphragm  the  epithelioid  plates  over  the  radiating  spaces,  or  clefU 
*tweMi  the  radiating  bundles  of  the  tendon,  are  smaller  than  over  the  bun- 
^thenwelves,  and  along  the  lines  of  these  radiating  intertendinous  spaces 
^f  be  teen  stomata,  orinces  guarded  by  small  cells,  similar  to  but  smaller 
^  and  lees  conspicuous  than  those  Just  described  as  seen  in  the  frog. 
^W  Aomata  open  into  the  lymphatics  which  are  abundant  in  the  con- 
""ire  liasue  lying  between  the  radiating  bundles  of  the  tetidon  of  the 
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diaphrsKDi,  and  through  them  the  Ouid  of  the  peritoneal  cavitj  iwaws  aw«j 
into  the  Wmphutios  of  the  diaphragm  and  gr>  into  the  genemf  lymphatic 
aystem.  The  moveinente  of  the  diaphragm  in  breathing,  of  which  we  nhall 
have  to  speak  [iresently,  greatly  aaeiat  the  flow  through  the  stouiata;  aad 
even  passive  movements  of  the  diaphnigm  are  effecliial  for  this  piirjioae.  If 
a  (juautity  of  injection  material,  i>tiich  at»  a  solution  of  Berlin  blue,  Iw  iiijoctc<<i 
into  ihe  peritoneal  CAvity  of  a  living  animal  it  soon  cutcra  into  nutl  injei*tj 
the  lymphatics  of  the  diaphragm,  and  a  similar  injection  may  bo  obtained 
in  a  dead  but  recently  killed  animal  by  placing  the  animal  with  iia  hvmd 
downward,  injecting  the  coloring  matter  into  the  nb<lomen,  or  even  pouring 
it  into  the  hollow  of  the  dianhragm,  and  then  producing  moveraento  of  the 
diaphragm  by  a  rhythmically  repeated  artitioial  respiration.  Not  only  col- 
ored fluids  but  colored  material  merely  suspended  in  fluid,  and  such  things 
flfl  the  globules  of  Ait  in  milk,  or  even  retl  blorxl-corpuscleH  mav  thu6  find 
their  way  from  the  perituueal  cavity  into  the  lymnitatics  of  ihe  <iiAphraeii}. 
Indeed,  if  a  piece  of  the  diaphragm  of  a  recently  Killed  animal  be  8tretai«d 
out  and  milk  poured  ufion  it,  the  fat  globules  of  milk  may  be  aeen  with 
the  aid  of  a  teuti  ur  microacopo  to  disappear  through  the  stomata  in  a 
uuntber  of  minute  vurticea. 

By  Bimilar  stoniata  the  pleural  cavity  \»  put  into  crminuinication  with  the 
lymphHtic-v  not  only  of  the  diuphnigni  (on  its  pleural  surface)  but  aliM>  of 
the  lungv,  and  to  a  Bnialler  extent  of  the  thoracic  walls,  and  during  Ibo  noove- 
meuts  of  the  chest  in  breathing  the  contents  of  the  pleural  cavity  are  eon- 
tinually  being  pum|>ed  unay,  [>artly  into  the  lymphulictiof  the  luDgi,  pMtlr 
into  tho»e  uf  the  diaphragm  and  chost  walls,  in  a  similar  manner  pen- 
cardial  Huid  paaeee  away  ^m  the  iHi-ricanlial  cavity,  and  the  fluid  in  ulier 
smaller  serous  cavities,  such  as  that  surrounding  the  testis,  {laeaes  away  frum 
the  respective  cavities  into  the  general  lymphatics.  The  (juantity  of  fluid 
in  even  the  largeet  of  these  cavities  is  at  any  one  time  in  normal  (HHiditiom 
very  small,  but  that  fluid  appears  to  be  constantly  renewed,  old  fluid  pasing 
away  to  the  lymphatic  system,  and  new  fluid  taking  its  place.  Thr  serous 
cavities,  therefore,  are  to  be  regarded  as  ex|«nde<!  initial  reeer\*oir8  from 
which  as  well  as  from  the  lymph-capillaries  and  lymph-spftcct  of  tbe 
the  lymph  stream  is  continually  being  fed. 


The  JSiructwe  of  L^phaiic  GUindtt, 

$891.  Solitary  foliielrn  and  Pet/cr'a  patches.  All  along  the  small  int 
and  at  various  |>«>inls  of  the  circumference  are  found,  [>artly  in  the  su 
cous  tissue  but  reaching  up  to  the  surface  of  the  mucous  mt-mbraue.  small 
rounded  bodies,  of  the  sue  of  a  small  pin's  head,  more  uumt'r<<ti-  i^  r^Hfis  in 
the  lower  tJian  in  the  up[M>r  part  of  the  bowel,  ofleu  called  "  liiadsv*' 

[Fig.  122.]  They  are  not  glands,  however,  in  tiie  sense  v>  -"' '  ■*  being 
mvidutinns  of  the  mucous  membrane,  and  it  ts  belter  i»erha|w  Ui  s|>eak  of 
them  a*  Miifiin/JoliirU».  At  the  five  bi^rder  of  the  smnll  intestine,  up 
to  the  attarhnieiKs  of  the  mt-senter)',  the  mucous  membrane  oimtoius 
oval  patchtai,  Pcyer's  patches,  plaee*i  lengthways,  there  iKMiig  mitur  twenty 
(hirtv  of  thrsc;  they  are  most  numerous  in  tlie  ileum  ami  di^pfMMtr  U>m 
ihe  niiodfiium.     Each  patch  is  practically  a  group  of  --  -  ■'■    - 

iudcefl,  tla-M?  pulches  are  sometimes  e^p^iken  of  as  mpniif 
large  intestine,  t*|jf^cinlly  at  the  ru'cum,  and  in  man  pM 
milbrm  appendix,  sitliury  f"llirlcs  are  abundant,  but  hi  '  m 

the  bubmucous  ti.*Mir  t>clow  the  mu!«cularis  murofcr.     In  the  storoaob  ni0O,in 
young  people,  tlurr  ncrur  in  the  uiuchms  ntonihmne,  grnrmllv  botwnen  tli* 
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BMMtha  of  the  glands,  struclurefl  which  are  very  similar  to  solitary  follicles 
wkichtre  sometimes  called  "  leDticular  glaiKbt." 


OV  T1IK  iLKXm  TBKOt'dH  X  SOIJTABT  FoLLICtX  OR   LYin*HOn>  NOAUUE,     <CADUT.) 

tidUtoof  IhcDixlult;  wlih  the  Ijrnittliold  Usue  lurtly  r»llea  away  fn»m  Uie  !*etitloii ;  t/,  eplthcUam 
of  Um  Intertloe :  c,  fllU  ;  their  vpltlielliiiu  U  jMirtly  broken  awny  ;  d,  crypto  of  Uebvrkuhn.j 

A  solitary  follicle  consists  essentinlly  of  a  spherical  mass  of  fine  adenoid 
IWQe  the  meshes  of  which  are  crowded  with  leucocytes.  In  the  intestine  as 
«  have  seen  (i  260)  the  connective  tissue  lyinp  between  the  epithelium  above 
■ad  the  miisciilai'i.s  muco.-^c  l>clow  has  a  reticular  arrangement  and  contains 
feuoocTtes :  but  in  the  follicle  the  network  is  finer,  closer,  and  more  regular 
daUKaeewhere,  the  meshes  are  almost  completely  filled  with  leucocytes,  and 
L  the  tpfaerical  maj*  breaking  through  the  muscularis  mnc<»6je  reaches  some 
B  v»T  flown  into  the  submucous  tissue.  Over  the  surface  of  the  follicle,  which 
H  ^IgiM  somewhat  into  the  iuterior  of  the  intestine,  villi  may  be  present,  but 
H  the  glands  of  Lieberkiihn  are  pushed  aside  and  are  found  only  at  its  circum- 
^  fcftoce.  Into  this  mass  ttf  adenoid  tissue  one  or  more  small  arteries  enter 
ud  break  up  into  a  capillary  network  the  blood  from  which  is  carried  away 

kby^tie  or  more  small  veins.     Around  the  mass  there  is  placed  a  more  or  less 
•undeveloped   spherical  lymph  space,  lined  with  sinuous  epithelial  plates 
■4  continuous  with  the  neighboring  lymphatic  vessels.     This  lymphnpace 
V^M>A-WnrM  as  it  is  callc<l  thuH  forms  a  hollow  jacket  filled  with  lymph 
iftmna  the  spherical  mass  of  adenoid  tissue,  but  ia  not  complete,  being  broken 
by  tbr  entering  and  issuing  bloodvessels,  or  by  imperfect  partitions  passing 
irom  the  tissue  without  to  the  adenoid  tissue  within.     The  bloodvessels  and 
hndiw  in  question  are  covered  by  a  layer  of  epithelioid  plates  continuous 
with  thai  Iming  the  outer  wall  of  the  jacket,  as  also  with  the  one  which  more 
^^  le«s  completely  invests  the  inner  mass  of  adenoid  tissue. 
^P  The  leucocytes  which  occupy  the  meshes  are  of  different  sizes.     Some  are 
^»  large  or  almost  as  large  as  white  blood-corpuscles,  from  which  indeed  they 
diMrdy  differ  in  the  fact  that  their  nuclei  exhibit  a  nuclear  network  which  aa 
we  have  *een  (§  2S}  \»  aj)parently  not  present  in  the  white  corpuscle  of  the 
hlorjd.    The  majority,  however,  are  much  smaller  than  white  blood-corpuB4!ie8, 
fbflir  sm&liDeas  being  chiefly  due  to  the  small  amount  of  cell-aubstance  sur- 
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rounding  the  nucleus;  in  eoine  only  a  mere  film  of  cell-eubsUDce  c«n  be 
detected  so  lliat  the  nucleus  apfiears  almost  aa  a  so-callod  *'  free  **  nucleus. 
Many  of  the  leucocytes  may  be  seen  to  he  undergoing  kuryomitOBLs,  indi- 
cating that  they  are  multiplying  by  division;  and.  indeed,  there  are  many 
rea.sons  for  thinking  that  in  the  adouoid  tiasuo  of  these  follicles  and  othor 
similar  structures  a  very  cousiderable  multiplication  of  leucocytes  takes  place. 
Many  of  the  leucocytes  of  thetjc  folliclt^  exhibit  under  favorable  circuui- 
Biancei  amoeboid  movements,  and  the  Rmaller  leucooyiea,  indeed,  even  the 
smalleflty  eeem  at  times  as  active  as  the  larger  onoa. 

A  solitary  follicle  then  mav  be  considered  as  oonstBtiug  In  the  first  place 
of  a  rounded  capillary  iietworlc  fed  and  drained  by  small  arteries  and  veins, 
all  aup|>orted  by  a  minimal  amount  of  ordinary  connective  tissue.  In  ibc 
seoond  place  the  interstices  of  this  vascular  network  are  tilled  up  with  ntlc^ 
noid  tissue  the  fine  meshes  of  which  are  crowded  with  leucocytes  of  variable 
but  on  the  whole  small  size.  Lastly  the  rounded  mass  thus  consitituu-d  is 
surrounded  by  a  lymph-sinus,  the  fluid  of  which  on  the  one  hand  bathes  (he 
mass  and  on  the  other  hand  is  free  to  pas»t  away  into  the  ni^ghboring 
lymphatic  canals.  As  the  blood  streams  through  the  capillary  network  part 
of  the  jtlasuia  passing  through  the  capillary  walls  becomes  lymph  in  the 
meshes  of  the  adenoid  tissue.  Hence,  after  probably  acting  on  and  lM*lng 
acted  on  by  the  leucocytes,  it  passes  into  the  lymph-sinus  and  so  away  inti.^ 
the  general  lymphatic  stream.  In  all  probability  the  lymph-sinus  is  chiefly 
filled  from  tho  fluid  thus  cimiing  from  the  adenoid  tissue,  so  that  a  main 
current  flows  from  the  lymph-sinus  into  neighboring  lymphatics  in  all  dirso- 
tions;  but  it  may  l)e  that  the  lymph-sinus  is  partly  sunpliiMl  by  the 
lymphatics  around,  »6  that  some  of  the  lymph  from  adjoining  structures, 
while  flowing  in  the  sinus  arouud  the  adenoid  tissue,  is  subjected  to  the  action 
of  that  tiwue.  In  alt  probability  too  the  transit  of  material  frc»m  the  blood 
to  the  adenoid  tissue  is  accom|>anied  by  a  reverse  curtcnt  from  the  adeauid 
tissue  to  the  blood,  so  that  tho  blood  in  passing  through  the  follicles  nut 
only  gives  but  also  takes. 

i^incc  multiplicaliun  of  leucocytes  appear*  to  be  continually  going  on  in 
the  adenoid  tissue,  and  ainoe  the  folliclea  do  not  increase  indefinitely  in  sixe. 
some  of  the  leucocytes  must  disap))ear.  There  is  every  reaa^iu  to  think  thai 
they  pass  away  into  the  Ivmph-MinuSf  and  so  joining  the  general  lymph 
stretim  become  the  corpusclet:*  of  the  lymph  uf  which  we  shall  prtK«Qtly 
Bi)eak.  If  the  central  adenoid  mnaa  is.  as  some  think.  Invested  with  a  ciHi* 
tmuous  coat  of  sinuous  epitlicloid  plstcif.  the  leucot'ytes  which  leave  the 
follicle  must  pass  throuj^di  the  coal  in  the  same  manner  that  the  white  o>r* 
pusclos  of  the  blood  mignile  through  the  walls  of  the  bhxKiveasels ;  but  it 
IS  more  probable  that,  its  others  think,  the  coating  is  disc^mtinuuus,  the 
8|>acc8  of  the  aden(»id  tissue  o|K*ning  freely  at  inten'als  into  tlie  lymph-sinus, 
and  thus  affording  an  easy  path  not  only  fur  the  leufvcytes,  hut  also  for  tba 
fluid. 

The  lenticular  glands  of  the  stomach  apiiear  t4)  be  only  le&«  cdudcosod, 
bss  completely  arrangc<l  masses  of  adenoid  tissue;  and,  as  we  shall  stw  hwo- 
aAcr,  small  masses  of  adenoid  tissue  more  or  less  condousod,  m.»rc  ■>r  loss 
transformed  into  definite  follicles,  are  mot  with  in  various  jiarts  of  the  liody. 

!i  292.  A  J*et/rr'a  fmtch  is,  as  the  phrase  "ogminatod  gland"  indicates, 
merely  an  aggre;;ation  of  solitary  follicles.  A  well-formed  Peycr's  patch 
consists  of  a  viiriahlo  number,  in  man  fifty  or  even  a  hundre<i  or  f»>wer,  of 
Hfditary  follicles  arranged  in  a  single  layer  close  under  the  ;i 

.•itretching  dowu  into  the  submucous  tissue,  the  distiuciion  of  '  .  t- 

U1UCOU8  niembriuit*  proper  is  to  a  great  extent  lost  by  the  breaking  up  <>1  thi- 
nrnM^uhiris  mucosae.     Between  the  constituent  folliclea  glands  of  Lieberkuho- 
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IK  found  eucirrlin^  the  follicles  ami  villi  project  from  the  surface,  while 
bHween  and  behtw  the  jrhnuJs  blrMxlveasels  and  lymphatics  are  abundant. 
Over  each  follicle  hotli  glnnds  and  villi  are  ab^at,  so  that  the  upper  surface 
of  the  follicle  is  in  contact  with  the  epithelium  of  the  intestine,  which  is  here 
iborter  and  more  cubical  than  elsewhere. 

Each  follicle  consists  of  u  somewhat  spherical  vascular  mass  of  adenoid 
tissue,  fiiirroundwd  more  or  less  completely  by  a  lymph  sinus;  in  fact,  the 
itructure  of  each  of  these  aggregated  follicles  repeat*  go  completely  that  of 
a  solitary  follicle  that  the  same  deacription  and  discusinon  will  serve  for  both. 

5283.  Lympkntic  glands.  If  the  structure  of  n  follicle  just  described  be 
borne  in  mind,  that  of  a  lymphatic  ^land  is  made  more  easy ;  lor,  as  a 
Prytr'a  patch  is  a  mere  aggregation  of  otherwise  unchanged  to] licles,  »o  a 
lytnpbatic  gland  is  a  collection  of  simitar  follicles  differentiated  into  a  com- 
pict  aod  somewhat  complex  organ. 

Atypical  lymphatic  gland  n as,  though  the  form  varies  a  good  deal,  the 
ihape  of  a  kidney  [Fig.  1-'>],  in  so  far  at  all  events  that  a  more  or  less 
eooTex  side  cjin  be  difitinguished  from  a  concave  side  in  wliich  is  placed  the 
Ultti  where  the  bloodvessels  enter  and  issue;  from  the  hilus  also  issue  lym- 
pbuic  veaselfl,  which,  since  they  carry  lymph  away  from  the  gland,  are 
ttOcd  eifereDt  lymphatic*.  The  ati'erent  vessels  carrying  lymph  to  the  gland 
the  gland  iu  a  sc4ittere<l  fashion  on  the  convex  side. 


LUU) 
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DUGSAXMATIC  SCTION  OF  LVMniAnC  GLAND- 

Alftnint -,  r /.,  ufTereiil  tyiii|)luiUc»;  C,  cortical  •ubstaiioo ;  Jf,  r^caUUng  corli  ot  mfOnl- 
Itetaaoe;  L  t.,  lymfb-alnua:  c,  Ubroua  oo«t  tending  tnibcculic,  tr.,  lato  the  aulatADce  of  the 


gland  is  invested  by  a  cajwule  of  connective  tissue,  containing  in  the 
of  many  animals  a  very  considerable  number  of  plain  muscular  fibres. 
lajen  may  at  times  be  distinguished  in  the  capsule — au  outer  layer 
ooftner  and  au  inner  layer  of  hner  connective  tissue,  a  rich  plexus  of 
ijrmpbAtJc  vessels  being  p]ace<l  between  the  two.  From  the  capsule  a 
vnnber  of  partitiona  or  IrabecultZy  starting  &om  various  pointa  of  the  surface 


406 


THE    TISSUES    A  N IJ    MECHANISMS    OF    DIOKSTION 


and  consisting,  like  the  capsule,  of  closely  interwoven  bundles  of  connective 
tissue  mixed  up  with  a  variable  nuraber  of  plain  muscular  fibres,  pa^  into 
the  gland  in  a  ciirection  converging  toward  the  hilua.  In  the  outer  or  circum- 
ferential part  of  tlie  gland  theue  trabecuUe  are  large,  run  in  a  straight 
direction,  are  but  little  branched^  and  are  so  arranged  that  they  cut  up  the 
outer  part  of  the  gland  into  a  nuraber  of  chambers,  having  more  or  leas  the 
form  of  truncated  pyramids,  converging  to  or  radiating  from  the  inner  portion 
of  the  gland  near  the  hilus.  Theae  chambers  have  been  called  alveoli,  and 
constitute  together  the  an-fej:  of  the  gland,  the  inner  portion  being  t^alled  the 
medulla.  On  reaching  the  medulla  the  trabecnlse,  the  cmirae  of  which,  as 
we  have  just  said,  ia  in  the  cortex,  on  the  whole  straight  and  unbranched, 
rapidly  divide,  becoming  thinner  and  more  slender,  and,  running  and  joining 
together  in  all  directions,  form  an  irregular  open  network,  giving  rise  to  a 
labyrinth  of  passages  into  which  the  alveoli  of  the  cortex  open. 

The  trabecula?,  in  fact,  stnrting  from  the  capsule  divide  the  gland  into  a 
number  of  spaxies  which  in  the  cortex  are  arrangetS  in  a  regular  manner  and 
have  the  form  of  converging  chumbers  or  alvenli,  communicating  lalerally 
with  each  other  to  a  small  extent.,  but  which  m  the  medulla  rapidly  iliminish 
in  size,  and,  opening  freely  into  each  other  on  all  sides,  form  u  labyrinth. 
At  the  hiJuB  the  medulla  comes  to  the  surface  of  the  gland,  but  elsewhere  is 
separated  from  the  surface  by  the  cortex.  The  number  of  and  regularity  of 
division  among  liie  alveoli,  and  the  sharpness  of  distinction  between  the 
cortex  and  the  medulla,  difler  in  the  glands  of  different  animals. 

Each  alveolus  of  the  cortex  consists  in  its  central  ])art,  constitiJting  about 
two-thirds  or  more  of  tlie  whole  chamber,  of  a  mass  of  adenoid  tissue 
crowded  with  leucocytes;  this  mass,  which  follows  the  form  of  the  chamber, 
ia  wholly  like,  in  fact  repeats  almost  exactly  the  structure  of  the  nia^s  of 
adenoid  tissue  of  a  solitary  follicle  of  the  intestine;  it  is  spoken  of  as  the 
JoUicular  or  tjUtmlular  SMbdance,  or  more  briefly  the /oWic/«,  of  the  alveolus. 
This  follicle  is  separated  on  all  sides  from  the  capsule  and  trabecula>  which 
form  the  walls  of  the  alveolus  (or  from  the  trabecule?  alone,  where,  as  iu 
some  cases,  the  alveolus  is  a  small  one  lying  between  the  larger  superficial 
alveoli  and  the  true  medulla)  by  a  space  which  is  occupied  as  a  rule  not  by 
true  adenoid  tissue,  but  by  a  coai-ser,  more  open  reticuhir  tissue,  the  meshes 
of  which  are  larger  and  less  regular,  and  the  bars  of  which  are  more  men- 
brauous,  having  more  the  characters  of  being  branches  of  nucleated  brancbed- 
oells  than,  as  we  have  seen,  is  the  case  with  true  adenoid  tissue.  The  meshes 
of  this  reticulum,  like  those  of  adenoid  tissue,  are  occupied  by  leucocytes; 
but  these  are  not  so  numerous,  and  moreover  more  readily  escape  from  this 
situation  than  from  the  follicles,  so  thai  when  a  section  of  a  fresh  gland  ia 
brushed  with  a  cameFs-hair  pencil  or  shaken  up  in  normal  saline  solution, 
the  spaces  of  which  we  are  speaking  arc  to  a  large  extent  cleareii  of  the 
leucocytes  previously  present,  while  the  follicular  substance  still  remains 
crowded  with  them.  After  treatment  with  silver  nitrate  it  is  seen  that  the 
surface  of  the  trahecula?  (and  capsule)  bordering  this  space  in  each  alveolus 
is  lined  with  sinuous  epithelioid  plates,  and  a  coating  of  simitar  plates  may 
Boraetimes  be  made  out  on  the  surface  of  the  follicular  substance.  In  other 
words,  this  space  between  the  Crabeculie  and  the  follicular  substance  is  a 
lymph-space  corresponding  to  the  lymph-siiuie  of  the  solitary  follicle  of  the 
intestine,  and,  indeed,  is  spoken  of  as  ttic  hjmpk'HimiS \)t  bjmph  channel;  the 
lymph-sinus  of  an  alveolus  of  a  lymphatic  gland  diHers  from  the  lymph- 
sinus  of  a  solitary  follicle  of  the  intestine  in  its  space  being  much  broken  up 
by  reticular  tissue. 

The  irregular  puasages  of  the  medulla  are  similarly  occupied  by  a  central 
mass  of  follicular  substance  surrounded  by  a  lymph-sinus;  but,  whereas,  in 
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laliVOli  the  ma^se^  of  follicular  substance  Cake  on  the  form  of  more  or 
IfVMDida]  blocks,  in  the  medulla  the  tnlUcular  substance  is  arranged  in 


ik  form  of  branch 


lU.  ihi 


dullnru  rorda. 


^ 


and  anastotnoaiiiET  com 
roQDded  by  a  tubular  branching  and  nnastomosing  jacket  or  Iyraph-siuu8. 
At  the  junction  of  the  cortex  and  medulla  the  fnlliclcH  of  the  aFveoli  of  the 
(brmer  branch  off  into  and  become  the  raerlullary  cordA  of  the  latter,  and  the 
Irnpb-siDiues  of  the  former  are  similarly  continuous  with  the  labyrinth  of 
Innph-anuBCs  of  the  latter. 

Tm  gland,  in  fact,  may  be  coiiaidere*!  as  consisting  of  three  parts — the 
skeleton  aupplied  by  the  capsule  and  trabcculoe  and  dividing  the  interior  of 
the  gland  into  the  regular  alveoli  of  the  cortex  and  the  labyrinth  of  the 
Dwdulla;  the  follicular  substance  occupying  the  centre  buth  of  the  alveoli 
tod  of  the  labyrinth  and  continuous  throughout  both,  as  if  it  had  originally 
filled  up  the  whole  of  the  spaces  of  the  skeleton  and  had  subsequently 
shnink  away  on  all  side«;  and,  lastly,  the  lymph  channel  occupying  all  the 
iptott  left  between  the  follicular  substance  and  the  skeleton,  and  thus  forra- 
iog  a  labyrinth  of  its  own  throughout  the  gland.  Obviously  a  lymphatic 
gjind  is  a  consoHdated  and  difleren tinted  collection  of  lymphatic  tbiliclea  or 
reyer'a  patch.  In  a  Peyer's  patch  each  follicle  is  distinct  and  independent ; 
is  t  lymphatic  ginnd  the  follicles  are  fused  together,  partially  so  in  the 
mrtex,  hut  completely  so  in  the  medulla. 

The  afferent  lymphatic  vessels,  which  are  small-  or  medium-eized  vessels 
»ilh  the  structure  deacril)ed  in  §  2H7,  after  forming  a  plexus  between  the 
tw>)  layers  of  the  capsule,  open  out  into  the  lymph-sinuses  of  the  alveoli 
beoath  the  cortex;  these  lymph-sinuses  are  practically  lymph-capiltaries 
into  which  the  regular  afferent  lymphatic  vessels  break  up.  The  efferent 
lymphatic  vessels  are  similarly  connected  with  the  lymph-sinuses  of  the 
■ednlhi  at  the  hilus ;  here  the  lymph-capillaries  of  the  medulla  open  into 
ttid  form  the  regular  lymphatic  vessels  which  i^ue  from  the  gland  at  this 
p»iDt.  In  the  afferent  vessels  the  lymph  is  flowing,  as  we  shall  see,  at  a 
oettain  race  and  under  a  certain  pressure;  it  continues  to  ffow  through  the 
liibpinth  of  the  lymph-sinuses  of  the  gland,  bathing  as  it  Hows  the  follicular 
•ulMUnce,  its  course  being  retarded  by  the  reticulum  of  the  lymph-sinuses ; 
it  finally  issues  by  the  efferent  vessels. 

Tbe  small  arteries  entering  the  gland  at  the  hilus  run  along  the  skeleton 
oi  tntbeculft^,  dividing  as  they  go  ;  at  intervals  they  send  off  small  branches 
vhich,  leaving  the  traltecular  support,  traverse  the  lymph-sinus,  and  plunging 
l&totbe  follicular  substance  break  up  inin  the  cApillaries.  By  far  the  greater 
pwiuf  the  blood  sent  to  the  gland  thus  run?  in  capillary  networks  in  the 
wllioular  substance  of  the  alveoli  and  medulla.  From  these  capiUaries  the 
Wood  finds  its  way  back  by  veins  through  the  lymph-sinus  to  the  trabeculse. 
^  »  issues  from  the  gland  at  the  Ittlus, 

}2M.  Obviously  here,  as  in  the  lymphatic  follicle  of  the  intestine,  the 
*dttoid  tisiue,  or  follicular  substance,  is  the  seat  of  an  interaction  between 
^  blood  and  the  lymph  ;  here  the  bloofi  gives  something  to  and  takes  some- 
Uiing  from  the  lymph,  or  at  least  is  in  some  way  changed  ;  here  the  lymph 
^^kti  from  and  gives  up  to  the  blood.  We  may  be  confident  that  these 
take  place,  though  our  knowledge  as  to  the  exact  nature  of  these 
is  at  present  very  limited. 

Obs  event  taking  place  in  the  gland  seems  tolerably  certain.  The  leuco 
tpm  which  occupy  the  meshes  of  the  follicular  substance,  and  the  char- 
■ctMv  of  which  are  similar  to  those  of  the  leucocvtea  ot  a  follicle  of  the 
iatotine,  multiply  in  the  follicular  substance.  C^ell  division  ap|)ears  to  be 
pwticularly  active  in,  but  not  exclusively  confined  to,  certain  areas  in  the 
wUicles  spoken  of  as  fymph-kitoU,     In   nuclear-stained  sections,  that  is  in 
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preparations  so  treated  that  while   the   nuclei  are  stained  deeply  the  cell 

bodies  are  very  lightly  stained  or  not  at  all,  there  may  be  fretjueiitiv  seen  in 
a  follicle  an  area  (or  more  than  one  area)  consisting  of  a  very  liglit  centre 
surrounded  by  a  deeply  stained  ring.  In  the  light  centre  the  cell  bodies  of 
the  leucocytes  are,  relatively  to  the  nuclei,  lar^^er  than  the  surrounding 
zone;  and  since  the  cell  bodies  are  not  stained  the  central  portion  appears 
lighter.  It  is  in  the  clearer  central  area  that  nuclei  undergoing  mit4>8is,  and 
indiciitin^  cell  division,  are  especially  ainindant.  The  surplus  cell  popula- 
tion thus  iirieiDg  appears  to  pass,  chiefly  at  all  events,  into  the  lyniph-siuus, 
and  to  leave  the  gland  by  the  ellereut  lymphatic  vessols ;  on  examination  it 
is  found  that  lymph  which  has  passed  through  a  number  of  glands  is  richer 
in  lymph  corpuscles  than  the  lyniph  which  is  coming  to  the  glands. 

Many  lym[ihaiic  glands  contain  a  rpmnlity  of  black  pigment  which  is 
chiefly  deposited  in  the  branched  cells  of  the  reticulum  of  the  lyraph- 
sinuses.  This  is  probably,  iu  many  cases  at  all  events,  pigment  brought 
to  the  gland  in  the  lymph-vessels,  and  arrested  in  its  course  through  the 
lymph-sinus;  and  iu  the  bronchial  lymphatic  glands  the  pigment  simply 
consista  of  minute  particles  of  carbon  introduced  into  the  bronchial  pas- 
sages by  the  inspired  air.  and  carried  from  the  bronchial  passages  to  the 
glands.  In  some  cases,  however,  pigment  is  also  found  iu  the  bodies  of  the 
leucocytes  of  the  follicular  substance,  and  this  pigment  has  probably  a  dif- 
ferent  origin  ;  its  history  and  purpose  are  not,  however,  as  yet  known. 


The  Nature  and  Movements  of  Lymph  (inoludino  Chyle). 

§  295.  Froui  what  has  been  said  in  the  preceding  section  we  are  led  to 
regard  the  luultitudinons  spaces,  both  small  and  great,  of  connective  tiasue 
all  over  the  body,  including  among  these  the  "serous  cavities/'  as  forming 
the  beginning  or  roots  of  the  lymphatic  system.  Into  these  spaces  certain 
parts  of  the  plasma  of  the  blood  transude  and  so  become  lymph  (whether 
the  epithelioid  lining  of  the  large  serous  cavities  plays  anv  distinct  part  in 
regulating  the  transudation  of  serous  fluid, /.  e.,  of  lympb  into  those  cavi- 
ties we  do  not  know)  ;  from  these  spaces  the  lymph  is  continually  flowing 
through  the  lymph-capillaries  into  thu  lymphatic  vcsaels,  and  sn  by  the 
thoracic  duct  and  right  lymphatic  trunk  back  into  the  blood  system. 

The  amount  of  lymph  occupying  the  lymph-spaces,  lymph-capillaries, 
and  minnle  lyniphatic  vessels  of  any  region  varies  from  lime  to  time  accord- 
ing to  circumstances.  A  hand  for  instance  which  has  been  kept  banging 
down  for  some  time  becomes  swollen  and  the  skin  tense  ;  if  it  be  raised  the 
swelling  lessens  and  the  skin  becomes  loose;  and  a  similar  temporary  swell- 
ing uf  the  skin  of  the  limbs,  and  of  the  skin  generally,  is  frequently  the 
result  of  active  exercise.  8uoh  a  swelling  is  partly  due  to  the  bloodvessels 
being  dilated,  or  to  the  return  flow  along  the  veins  being  retardeil  so  that 
the  blood  capillaries  become  distended  with  blood,  but  i^  much  more  largely 
owing  to  the  lymph-spaces  and  lymphatic  vessels  of  the  skin  and  under- 
lying structures  being  unusually  filled  with  lymjih.  On  the  other  hand  the 
ssin  may  become  shrivelled  and  dry  from  a  deficiency  of  iympb  in  the 
lymph-spaces  and  vessels.  Under  even  normal  circumstances  the  quantity 
of  lymph  in  the  tissues  may  vary  considerably,  and  under  abnormal  cir- 
cumstances a  very  large  amount  of  lymph  may  greatly  distend  the  spaces 
of  the  connective  tissue  of  the  skin  aud  other  structures,  giving  rise  to 
ctdetna  or  dropsy.  Obviously  there  are  agencies  at  work  in  the  body  bv 
which  the  appearance  of  lymph  in  the  spaces  or  its  removal  thence  alouL' 
the  lymph-channels,  or  both,  may  be  either  increased  or  diminished. 
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The  Characieri  of  Lymph, 

I.  As  it  slowly  flows  fnim  ite  origin  in  the  tissues  to  the  mouth  of 
>racif  lUict  (we  raay  for  simplicity's  Bake  omit  the  right  lymphatic 
tnink)  tlie  lymph  is  subjected  to  the  influence  of  the  lynjphatic  glands,  and 
iipo»ibly  affected  l»y  the  walls  of  the  lymph-vessels.  Moreover  the  lymph 
coming  from  one  tissue  ditfers  more  or  less  in  certain  characters  from  tne 
Irmph  arising  in  another  til^f^ue,  just  as  the  venous  blood  of  one  organ  diflfers 
from  the  venous  blood  of  another  organ  ;  and  these  differences  may  he  ex- 
ig^mted  by  the  activity  of  the  one  or  other  tissue.  Of  the«e  differenc€« 
by  fiir  the  most  striking  is  that  between  tlic  lymph  cumiiijL^  from  the  alimen- 
Urjcui&l  during  active  digestion  and  known  as  cfiylc,  and  the  lymph  com- 
bg  from  other  parta  of  the  body.  When  digestion  is  not  going  on,  and 
irncn  consequently  no  considerable  al>sorption  of  material  from  the  alimen- 
Urrcannl  into  the  lactcals  is  taking  place,  the  fluid  flowing  along  the  lac- 
tmli  is  lymph,  not  differing  from  the  lymph  of  other  regions  to  any  marked 


le  fluid  accordingly  which  Hows  along  the  thoracic  duct  in  an  animal 
tbich  has  not  been  fed  for  some  considerable  time  may  be  taken  as  ilhis- 
tnting  the  general  characters  of  lymph.  The  contenta  of  the  thoracic  duct 
miy  be  obtained  by  layinp  bare  the  junction  of  the  subclavian  and  jugular 
[in  the  doff  the  junction  of  the  axillary  and  jugular)  veins,  and  introducing 
k  caDola  into  the  duct  as  it  enters  into  the  venous  system  at  that  point. 
The  operation  is  not  unattended  with  difiicuitiei:. 

Lymph,  so  obtained,  is  a  clear  transparent  or  slightly  opalescent  fluid, 
vhich  left  to  it«elf  s^ran  clots.  The  clotting  'm  nut  so  pronemnced  as  that  of 
L^  blood,  but  clotting  is  caused  &s  in  blood  by  the  appearance  of  fibrin.  The 
^bfibfitt  which  is  formed  though  scanty,  0.5  per  cent.,  is  identical  apptireutly 
^K  tttb  that  of  blood,  and  as  far  as  we  know,  all  that  ha.s  been  said  previously, 
^11^14-23,  concerning  the  nature  of  clotting  blood  applies  e^^ually  welt  to 
^  iTmph. 

Kx&niined  with  the  microscope  lymph  contains  a  number  of  corpuscles, 

l.Tntph-corpuscles,  which  in  all  their  characters  us  far  as  is  at  present  kuown 

I       We  identical  with  white  blood-corpuscles;  they  vary  in  size  from  6/*  to  l/>^, 

^L  tod  the  smaller  corpuscles  are  much   more  abundant   in   lymph   than  in 

^■i  blood.     Like  the  white   blood -corpuscles    of   bloo<i  they  exhibit  umceboid 

^B  Dovements.     Their  number  varies  in  different  animals,  and,  apparently,  in 

^ftbt  same  animal,  according  to  circumstances  ;  on  the  whole  perha|)s  it  may 

Uiaid  that  lymph-corpuscles  are  about  as  numerous  in  lymph  as  white  oor- 

p»c]«  in  blood.     Even  when  every  care  is  taken  to  avoid  a4lmixlure  with 

Wood,   lymph,  and   especially  chyle,   not    unfrequently  contains  a  certain 

Qomber  of  red  blood-corpuscles ;  sometimes  these  are  suflicient  to  give  the 

l^ph  (or  chyle)  a  reddish  tinge.     They  have  been  observed  within  the 

iiTing  lymphatic  vessels,  even  within    small   ones,  and    have  pmbably  in 

Wtte  manner  or  other  made  their  wav  from  the  bloo^l  into  the  lymph  cban- 

{897.  The  cheniica)  composition  of  lymph,  even  when  taken  in  each  case 
fruu  the  thoracic  duct,  varies  a  good  deal.  The  total  solids  are  much  lees 
tbao  in  blood,  amounting  in  general  to  not  more  than  r>  or  6  per  cent.  Hence 
thvvcaous  bkKxl  of  a  va.icular  area  contains  rather  more  solids  than  the 
■tterial  blood  of  the  same  area,  since  the  blood  in  giving  rise  to  the  lymph 
Coring  its  passage  through  the  capillaries  from  the  arteries  to  the  veins  has 
p*rted  with  relatively  more  water  than  solid  matter. 

The  proleids  amount  on  the  average  to  about  'A  or  4  per  cent.,  that  is  to 
ij,  to  about  half  as  much  as  in  blood,  the  particular  proteids  present  being 
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tho  eaiiie  ad  in  hlcxxi,  viz.,  albumia,  paraglobulin  and  antecedents  of  fibiiB. 
In  Ijinph,  as  distinguished  from  cnyle,  the  quantity  of  iat  is  small,  and 
cousi9t«  of  the  usual  neutral  fata  and  the  soaps  of  their  iatty  acid«, 
ti>gcther  with  lecithin  ;  cholcsterin  may  also  be  present.  A  certain  amount 
of  sugar  (dextrose)  appears  to  be  always  present,  and  several  observers 
have  found  au  appreciable  quantity  of  urea.  The  ash  of  lyiuph  like  that 
of  blood  serum  contains  a  considerable  quantity  of  sodium  chloride,  while 
phosphates  and  potash  are  scanty;  it  also  contains  iron,  apparently  in  loo 
ereat  a  quantity  to  bo  accounted  for  by  the  few  red  oorpudole^  which  mar 
00  present.  From  lymph  a  oertiiin  amount  of  gas  can  be  extracted,  con- 
fiisling  chietly  or  almost  exclusively  of  carbonic  acid,  with  a  smalt  quantity 
of  nitrogen,  the  amount  of  oxygen  present  being  eicee<lingly  gmall.  The 
imtHjrtance  of  this  we  shall  see  when  we  come  to  study  respiration. 

liroadly  speaking  we  may  say  that  all  the  substances  present  in  blood- 
plasma  are  present  also  in  lymph,  but  are  accompanied  by  a  larger  quantity 
of  water. 

§  298.  Lymph  may  also  be  obtaineil  from  separate  regions  of  the  bodr, 
as  from  the  lower  or  upper  limbs,  for  instance,  by  iutroducing  a  fine  canula 
into  a  lymphatic  vcescl.  In  its  general  features  the  lymph  so  obtained  re- 
sembles that  taken  from  the  thoracic  duct.  Analyses  of  the  lymph  dliSteiid- 
in^  the  subcutaneous  connective  tissue  in  cases  of  dn>[>sy  show  that  this 
ofmtains  much  less  Holid  matter  than  normal  Ivmph  taken  from  tho  thoracic 
duct  (»r  larger  lymphatic  vessels.  From  this  it  has  l)een  inferred  thai  the 
lymph  normally  existing  in  the  lymph  spaceji,  lymph-ciipillarics  and  minute 
Tessels  contains  an  excess  of  water :  hikI,  indeed,  it  has  lieeu  assertoil  that 
the  |>ercentage  of  solids  increases  in  passing  from  the  smaller  to  the  larRW 
vessels;  but  this  cannot  be  regarded  as  dislin<i.ly  proved.  The  numlier  of 
corpuscles,  however,  as  we  have   already  said,  appears  to  be  increased  in 

fkaning  through  the  lymphatic  glands.  It  has  also  been  stated  that  the 
vmph  in  the  liuer  lymph-vessels  clots  even  less  firmly  than  that  in  the 
llioracic  duct.  Fn>m  ihw  we  may  infer  that  some  of  tfie  leucocytes  in 
adenoid  tissue  of  the  follicles  of  a  lymphatic  gland  Hud  (heir  way  into 
lymph-hinus.  and  so  into  the  elfercnt  lymphatics,  and  that  some  of  the  fibi 
factors  are  mldeil  to  the  lymph,  or  at  least  that  some  changes  favorable  to 
clotting  are  brought  about. 

$  299.  We  showed  in  fi  290  that  the  large  serous  cavities  of  the  pctrito* 
neum,  |>ericardium,  etc.,  were  to  be  considered  as  |>arts  of  the  lymphalio 
system,  and  that  the  "serous  fluid"  in  these  cavities  was  continually  ioiuing 
tiie  lymph  siream;  indee<l.  pericurdial  or  other  aenms  fluid  has  all  the  gen- 
eral characters  of  lymph.  We  have  already  said,  §  20.  tliat  tbe*e  fluMs, 
when  taken  fresh  fnmi  the  body,  clot  (this  is,  at  least,  the  case  in  matH 
animals);  the  clot,  when  examine^l  microscopically,  is  found  to  ooDiisl  of 
colorless  oortiuscle«  like  those  of  lymph  or  of  olood  entangled  in  the 
of  fibrin.  Both  in  their  proteid  and  other  chemical  constituents  thi 
fluids  resemble  lymph.  Analyses  of  the  accumulations  of  fluid  occasianally 
occurring  in  these  cavities  show  that  they  contain  sometimes  less  and  sooms 
timea  more  solid  matter  than  ordinary  Ivmph.  The  aqueous  humor  of  the 
eye  contains  very  little  solid  matter;  anJ  the  cerebro-spinal  fluid  is  so  p«e«i- 
liar  that  it  had  (>etter  be  considered  by  itself  in  c<^tnnecti<m  with  the  pttom 
tyvtem. 

$  dOO.  Chifi4!.  In  fasting  animals  the  fluid  flowing  along  the  laeteala,  a* 
may  be  seen  by  in8|)ection  of  the  mesentery,  is  clear  and  transparent ;  it  is 
lymph,  difleriug,  as  we  have  said,  in  no  essential  respects  from  tho  lymph 
flowing  along  other  lymphatic  vessels.  Shortly  after  a  meal  containing  ut, 
vand  tavt^y  meal   dues   contain   some  fat),  the  lymph   beoomea  whit*  lad 
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|U0  like  milk,  the  more  so  tbe  richer  the  meal  ia  iu  fat;  it  id  then  called 
Owing  to  the  relatively  large  ouantity  of  this  milky  fluid  which  for 
time  aher  n  moal  contiiuiee  to  t>e  poured  into  the  thoracic  duct,  the 
fOQtents  of  that  duct  also  become  milky,  and  arc  also  called  chyle.  In  the 
thoracic  duct  the  chyle  of  the  lacteal^  is  more  or  lesa  mixed  with  lymph  from 
uther  lymphatic  vessels,  but  the  former  is  so  preponderHting  thai  ihe  coutentB 
tht  duct  may  he  taken  iw  illiifltniting  the  nature  of  chyle. 
Chvle  differv  from  lymph  in  une  iiii|Kirlaiit  respect,  and  one  only;  whereas 
iph  (irdinarily  coutuius  a  small  tjuantity  only  of  fat,  chyle  ctintains  a  very 
irgv  amount.  The  actual  amount  of  fat  present  in  the  chyle  of  the  thoracic 
bet  varies,  oa  may  be  expected,  very  considerably,  according  to  the  nature 
'«f  the  meal,  (he  stage  or  digestion,  and  various  circumKiances.  Five  per 
cetjt,  ift  a  very  common  amount;  in  the  dog  it  has  been  found  to  vary  from 
l*lo  15  per  cent.  The  iucrea.se  in  fat  is  chiefly  if  not  exclusively  due  to  an 
iflcrease  in  the  neutral  fats;  though  whether  the  small  c^uantity  of  soaps  and 
<'f  lecithin  present  is  greater  than  in  lymph  has  not  been  distinctly  ascer- 
tained. Cholesterin  is  probably  pra-wnt  in  grefller  am<mut  than  iu  lynjph, 
nnoe  it  pnibably  comes  from  the  bile  poured  into  the  intestine  iluring  diges- 
tion ;  but  this  is  not  certain.  How  far  the  nature  of  the  fat,  that  is,  the 
proportion  of  the  various  kinds  of  fat,  of  stearin,  etc.,  varies  with  the  fats 
present  in  the  meal  has  not  been  definitely  ascertained. 

The  c>:mdition  of  the  fat  in  chyle  is  peculiar.  Some  of  it  exists,  like  the 
Ul  in  milk,  iu  the  form  of  fat  globules  of  various  sizes,  but  all  small.  A 
[tery  considerable  cpmntity,  however,  is  present  in  the  form  of  exceedingly 
liuute  spherules  or  granules,  far  smaller  than  any  globules  to  be  seen  in 
\k;  these  exhibit  active  "  Browuian  movements."  The  fat  present  in  this 
nw  is  spoken  of  aa  the  **  molecular  basis"  of  chyle,  and  is  very  distinctive 
chyle.  In  the  emulsified  contents  of  the  intestine,  otVen  called  chyle,  tbe 
finely  divided,  and  to  a  large  extent  into  small  globules,  but  there  is 
ling  corresponding  to  this  molecular  basis  ;  the  fat  does  not  assume  this 
QMiditioD  until  it  has  paa:«ed  out  of  the  intestine  into  the  lac-teids.  Lymph 
(XamiQefi  with  the  micnwcope  shows  l>esides  the  whit«  corpuscles  only  very 
^frw  oil-globules,  and  nothing  of  this  molecular  basis.  Just  as  in  fact  lymph 
broadly  Hpeaking,  blood  mituM  its  red  corpuscles,  so  chyle  is  lymph  plita 
■  very  large  ^luantity  of  minutely  divided  neutral  fat. 

The  total  amount  of  lymph  or  of  chyle  which  enters  the  blood  system 

^riiiigh  the  thoracic  duct,  though  it  probably  varies  considerably,  is  prob- 

»hly  alto  always  very  largo.     It  has  been  calculated  that  in  a  well-fed  animal 

*4uaniity  equal  at  lea^^t  to  that  of  the  whole  blo<)d  may  pass  through  the 

thoracic  duct  in  twenty-four  hours,  and  of  this  it  is  supposed  that  about  half 

ttMDc  through  the  lacleals    from  the  alimentary  canal,  and  therefore  to  a 

v>)^  extent  from  food,  and  the  remainder  from  the  body  at  large.     These 

^cuhitions  are  based  on  uncertain  data,  and  cannot,  therefore,  be  taken  as 

|0f  exact  value,  but  we  mav  use  them  for  the  sake  of  an  illustration.     Thus, 

in  a  roao  of  average  weigLt,  that  is,  about  154  kilos.,  the  quantity  of  blood 

ft  38)  being  ^  of  the  body  weight  is  about  12  kilos.     The  quantity  of  lymph 

f>r  chyle,  therefore,  discharged  into  the  biivid  in  an  hour  would  be  according 

to  this  calculation  half  a  kilo.,  or  something  less  than  half  a  litre ;  and  since 

the  flow  must  vary  considerably  in  the  twenty-four  hours  would  be  sometimes 

1a,  and  therefore  sometimes  even  more^  than  this. 


The  Moveinefit*  of  Lymph. 

H.  Making  every  allowance  fiir  the  uncertainty  of  the  calculation  de- 
in  the  preceding  paragraph,  it  is  obWous  that  the  lymph  must  How 
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with  A  not  inconeiderable  rapidity  (if  we  take  about  half  the  above  estimate, 
the  rate  will  be  about  .">  c.c.  per  minute)  throuijh  the  thoracic  duct,  and 
therefore  must  also  be  continually  atrejimiog  into  that  duct  along  the  various 
lymphatic  channels  from  the  manitokl  lympb-spaces  of  the  bo<ly.  This 
onward  progress  of  the  lymph  is  determined  by  a  variety  of  circumstancea. 
In  the  first  place,  the  remarkably  widespread  presence  of  valves  (§  287)  id 
the  lymphatic  vessels  causes  every  prei^aure  exerted  on  the  tissues  in  which 
they  lie  to  assist  in  the  propulaiou  forward  of  the  lymph.  Hence  all  mus- 
cular movements  iucrease  the  flow.  If  a  canula  be  inserted  in  one  of  the 
larger  lyrai>hatic  trunks  of  the  limb  of  a  dog,  the  discharge  of  lymph  from 
the  cauula  will  be  more  distinctly  increased  by  movements,  even  passive 
movements,  of  the  limb  than  by  anything  else.  When  we  come  to  speak  of 
the  entrance  of  chyle  into  the  lacteal  radicles  of  the  villi,  we  shall  see  that, 
at  all  events  according  to  one  view,  the  numcular  fibres  of  the  villus  act  as 
a  kind  of  muscular  pump,  driving  the  chyle  past  the  valved  end  of  the 
lacteal  radicle  into  the  lymphatic  canals  below.  In  addition  to  the  presence 
of  valves  along  the  course  of  the  veseeJs,  tlie  opening  of  the  thoracic  duct 
into  the  venous  system  is  guarded  by  a  valve,  so  that  every  escape  of  lymph 
or  chyle  from  the  duct  into  the  veins  becomes  itself  a  help  to  the  flow.  In 
the  second  place,  we  have  already  seen  that  the  blood-|)ressure  in  the  capil- 
laries and  minute  vessels  is  considernbly  greater  than  that  in  the  large  veins, 
such  i\s  the  jugular;  in  fact,  thiu  diflerence  of  pressure  is  the  cause  of  the 
flow  of  blood  from  the  capillaries  to  the  heart.  Now  the  lymph  in  the 
lymphatic  spaces  outside  the  capillaries  and  minute  vesseLi  undoubtedly 
stands  at  a  lower  prcBStirc  than  the  blofid  inside  the  capillaries;  otherwise 
the  transitdatiim  from  the  blood  into  the  tissues  would  be  checked;  but  the 
ditference  is  probably  much  less  than  the  diflerence  between  the  pressure  in 
the  capillaries  and  that  iu  the  large  venous  trunks.  Si>  that  the  lymph  in 
the  lym[>h-Hpaced  of  the  tissues  may  be  considered  as  standing  at  a  higher 
pressure  than  the  bloud  in  the  venous  trunks,  for  instance  in  the  jugular 
vein.  That  is  to  say,  the  lymphatic  vessels  as  a  whole  form  a  system  of 
channels  leading  from  a  region  of  higher  pressure,  viz.,  the  lymph-spaces  of 
the  tissues,  to  a  region  of  lower  pressure,  viz.,  the  interior  of  the  jugular 
and  subclavian  veins.  This  difference  of  pressure  will,  aa  in  the  case  of 
the  bloodvessels,  cause  the  lymph  to  flow  onward  in  a  continuous  stream. 
Further,  this  flow,  caused  by  the  lowness  of  the  mean  venous  preeaure  at 
the  subclavian  vein,  will  be  assisted  at  every  respiratory  movement,  since  at 
every  inspiration  the  pressure  in  the  venous  trunks  becomes,  as  we  shall  see 
in  dealing  with  respiration,  negative,  and  thus  lymph  will  be  sucked  in  from 
the  thoracic  duct,  while  the  increase  of  pressure  in  the  great  veins  during 
expiration  is  warded  off  from  the  duct  by  the  valve  at  its  opening.  In  the 
third  place,  the  flow  may  be  increased  by  rhythmical  contractions  of  the 
walls  of  the  lymphatics  themselves,  which,  as  we  have  seen,  are  remarkably 
muscular;  and  the  ])eculiar  tuterlaeing  of  the  muscular  fibres  above  each 
valve  suggests  that  the  walls  here  act  af^er  the  fashion  of  a  liny  heart  and 
by  a  rhylhmictd  systtjle  drive  on  the  fluid,  which  by  the  action  of  the  valve 
below  collects  at  the  spot.  We  have,  however,  no  ej£j>eriraental  proof  of 
this ;  for,  though  rhythmic  variations  have  been  observed  in  the  lacteals  of 
the  mesentery,  it  is  maintained  that  these  are  simply  passive,  i.  e.,  caused  by 
the  rhythmic  peristaltic  action  of  the  intestine,  each  contraction  of  the  in- 
testine filling  the  lymph-channels  more  fully,  and  are  not  due  to  contractions 
of  the  walls  of  the  lacteal  vessels  themselves.  In  some  of  the  lower  animals, 
for  instance  in  ihe  frog,  the  musculur  walla  of  the  vessels  are  developed  at 

t)iace8  into  distinctly  contractile  propulsive   organs,  spoken   of  ns  Ijmph- 
learta,  of  which  we  shall  have  something  to  say  presently.     Lastly,  it  is  at 
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least  open  for  us,  on  the  strength  of  the  analogy  that  osmo.sis  may  give  rise 
toiflcreosefl  pressure  on  one  side  of  u  diH'iigion  septum,  to  suppose  that  the 
wry  processes  which  give  rise  to  the  appearance  of  lymph  in  the  lymph- 
ipKOMof  the  tissues,  tend  ihejnselves  to  promote  the  flow  of  lymph.     We 
bswai  least,  under  all  circiiniHtancea,  one  ur  other  of  these  rause.s  at  work, 
pTDiuuting  a  continual    tlow  from  the  lymphatic  roots   to  the  great  veins. 
They  are  together  suliicient  to  drive,  in  man,  the  lymph  from  the  lower 
lUuhs  and  trunk,  against  the  effects  of  gravity,  into  the  veins  of  the  neck. 
In  ihe  upper  limb  the  influences  of  gravity,  owing  to  the  varieil  movements 
uf  ihe  limb,  are  as  often  favorable  to.  as  oppose*!  to,  the  natural  (low  of  the 
iyniph ;  but,  as  we  have  already  said,  a  long  continued  unfavorable  action 
uf  gravity,  especially  in  the  absence  of  the  aid  of  movements  in  the  skeletal 
muMrles,  as  when  the  arm  hangs  down  motionless  for  some  time,  leads  to  ac- 
cumulation of  lymph  at  its  origin  iu  the  lymph- spaces.     The  strength  of  the 
causes  oomhining  to  drive  on  the  lymph  is  .strikingly  shown  in  animals  when 
the  thoracic  duct  is  ligatured :  in  such  cases  a  very  great  distention  of  the 
lymphatic  vessels  below  the  ligature  is  observed. 

§302.  Although  the  phenomena  of  disease  and,  perhaps,  general  considera- 
tiooB  render  it  probable  that  the  nervous  system  governs  iu  some  way  the 
atream  of  Ivmpn,  regulating,  it  may  be,  not  only  the  How  along  the  deHnite 
lymph-canals,  but  also  the  transit  of  plasma  into  the  lymph-spaces  and  the 
CBCApe  of  lymph  thence  into  the  definitti  canals,  our  knowledge  on  these 
points  is  very  im|>erfect.  We  have  no  pnwf  that  the  muscular  fibres  in  the 
walk  of  the  lvi»phalic  vessels  are  guverne<l  by  nerve,s,  or  that  the  lymph- 
l|MMe6  are  influenced  directly  by  nervous  action ;  and  most  of  the  attempts 
to  demonstrate  any  direct  action  of  the  nervous  system  on  the  lymphatics 
hftFe  hitherto  faUed. 

It  it  very  difficult  to  dissociate  any  such  direct  action  from  an  indirect 
ioBuence  through  vasomotor  changes;  fnr  the  condition  of  the  vascular 
system  largely  ^ects  the  formation,  and  hence  the  flow  of  lymph.  Thus  if, 
in  a  dog,  canulse  having  been  placeil  in  the  lymphatic  tninits  leading  from 
each  of  the  hind  feet,  the  sciatic  nerve  on  one  side  is  dividerl,  the  flow  of 
Irinph  from  the  foot  on  that  side  is  greater  than  on  (he  intact  side,  but  is 
cfioimished  on  stimulation  of  the  periphernl  end  of  thu  nerve,  the  diminu- 
tion beinc  followed  by  a  sulweipient  increase.  The  sectiuu  of  the  nerve, 
however,  leads  to  arterial  dilatation,  the  stimulation  of  the  nerve  to  arterial 
oonatriction ;  and  until  other  reas^tns  be  shown,  we  may  attribute  the  in- 
craand  or  diminished  flow  of  lymph  to  an  increased  or  diminished  tran:?uda- 
tioa  from  the  fuller  or  emptier  bloo<lveseels.  And  tliis  inter[>relation  is 
rapported  by  the  fact  that  when  stimulation  of  the  nerve  is  so  conducted  us 
to  Mad  to  arterial  dilatation  (§  108),  the  result  is  not  a  diminished  but  an 
^CTMaed  flow  of  lymph.  Again,  if  the  cervical  synifvatKotic  in  a  rabbit  be 
vidl^d  on  one  side  and  a  solution  of  the  blue  pigmeiU,  E^ulphindigotate  of 
•wia,  be  injected  into  the  venous  system,  the  ear  on  that  side  l>ecome8  blue 
bei<>re  the  other,  because  the  pigment  passes  more  rapidly  from  the  blood- 
veasels  into  the  lyraph-spaces  of  the  connective  tissue,  and  the  blueuess  also 
pamm  away  sooner  because  it  is  sooner  washed  away  by  the  subsequent 
ODColored  lyiuph.  But  here,  tun,  the  increased  transudatiim  may  be  regarded 
a*  simply  the  result  of  the  greater  fulness  of  the  bloodvessels. 

§  303.  The  passage  of  material,  namely,  of  water  containing  certain  sub- 
alanoes  in  solution,  from  the  interior  of  the  bloodvessel  where  they  form  part 
of  the  plasma  into  tho  lymph-capillary  where  they  are  culle<l  lymph  consists 
of  two  steps:  theiia^sage  from  the  btoodve!^sel  into  the  lymph-space,  and  the 
pMaagv  from  the  lymph-space  into  the  lymph-capillary  ;  for.  as  we  have  seen, 
'"  '~    ~]y  in  particular  places  that  the  lymph-capillary  immediately  surrounds 
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the  bloodvessel.  Once  arrived  Id  the  lymph-capillary  the  lyuiph  iinds  aD 
open  pnth  along  the  rest  of  the  lymphatic  system,  but  the  connection  between 
the  lyniph'Bpace  and  the  lymph-capillary  is,  as  we  have  seen,  peculiar  and  at 
least  not  a  free  and  open  one. 

The  passage  of  material  from  the  bloodvessel  into  the  lymph-space  we 
8peak  of  B8  transudation.  What  i-un  we  say  us  to  the  nature  of  thi^  proce^? 
Ihere  are  two  known  physical  pnK*ej?ses  with  which  we  may  compare  it: 
diffusion  through  a  meuiUranons  or  other  porous  partitiim,  and  filtration 
through  11  siriiilur  parlitioti.  DiffiiHion,  thmigh  influenced  by  fluid  pressure, 
is  not  the  direct  result  of  fluid  pressure  but  may,  on  the  contrary,  be  the 
cause  of  ditterences  uf  pressure  on  the  two  sides  of  the  partition,  and  may 
work  against  flui<i  pressure.  When  a  strong  solution  and  a  weak  solution 
of  salt  are  separated  by  a  diffusion  septum,  diffusion  takes  place  whether  the 
columns  of  fluid  be  at  the  same  level  on  the  two  sides  of  the  septum  or  at 
different  levels;  and  if  the  columns  be  at  the  same  level  to  start  with,  that 
of  the  stronger  stiliitioii  soon  conies  to  exceed  the  other  in  iieight,  on  account 
of  the  osmotic  flow  of  water  fruni  the  weaker  into  the  stronger  solution. 
Filtration,  on  the  other  hand,  is  the  direct  result  of  pres^sure;  without  dif- 
ference of  pre.s'iure  flltratifin  <loes  not  take  place;  and,  the  filter  remaining 
of  the  same  nature  ami  in  the  same  condition,  the  amount  of  filtrate  i« 
dependent  on  the  amount  of  pressure.  May  we  speak  of  the  process  of 
tranandalson  as  a  simple  proce^is  of  dittiision  or  a  simple  process  of  flllration. 
that  is  to  say,  can  all  the  phenomena  of  transudation  be  explained  as  simply 
the  rcsulu*  of  one  or  otluT  of  these  physical  processes?  Difl'uaiou  by  itself 
will  not  account  for  the  results  ;  for  the  proteids  of  the  blood-plasma  are 
iudiiiusible  or  very  nearly  so,  and  yet  the  lymph  coutaius  a  considerable 
(juantily  of  these  proteids.  We  have  no  satisfactory  knowledge  of  the  exact 
ciimpotiition  of  lymph  as  it  exists  in  the  lymph-spaces.  In  the  lymph  of  the 
lar^^er  lymph-trunks  the  diffusible  saline  Btibstances  are  present  in  about  the 
same  prof)ortion,  and  the  indifl^u^ible  proteids  to  about  or  less  than  half  as 
much  as  in  bkiod-serum  ;  and  we  may  perhaps  assume  that  the  lymph  in  the 
Iymph-s[»are?^  cooLnins  relatively  less  proteids  but  has  otherwise  the  same 
composition  as  blood-plasma.  Mere  diffusion]  would  not  give  rise  to  a  fluid 
of  such  a  nature.  Can  we  speak  nf  transudation  then  as  a  filtration?  The 
blood  Ls  undoubtedly  flowing  through  the  capillaries  and  other  small  vessels 
under  a  certain  pretsure;  we  have  seen  (§  ll*j)  that  the  pressure  is  rouehly 
speakiug  about  30  mm.  Hg. ;  and  it  would  he  possible  to  select  such  a  tiller 
or  porous  partitiop  as  would  at  about  this  pressure  permit  the  passage  of  a 
certain  quantity  of  the  inorganic  and  crystalline  constiiuenta  of  blood-plasma 
to  pass  through  in  company  with  a  relatively  smaller  quantity  of  the  proteids 
and  a  large  quantity  of  the  water,  the  red  and  white  corpuscles  being  ex- 
cluded. 8ilch  a  filtrate  would  be  more  or  less  oi  the  nature  of  lymph ;  and 
so  far  we  might  }>e  jusrtified  in  speaking  of  the  transudation  of  lymph  as  a 
process  of  filtration.  But  the  transit  through  the  living  wall  of  the  blrod- 
veasel  is  aflected  by  circumstauces  in  a  manner  so  different  from  the  manner 
in  which  the  same  circumstances  aflect  the  transit  through  an  ordinary  lifeless 
filter,  That  we  gain  but  little,  and  may  he  led  into  error  by  speaking  of  the 
process  as  a  filtration.  Substances  in  solution  or  otherwise,  pass  through 
filter  when  the  pressure  is  suMicienL  to  drive  them  through  the  paasa 
furnished  by  the  interstices  existing  in  the  substance  of  the  tiller.  In 
case  of  an  ordinary  filter  the  substance  of  the  filter  is  within  limits  jHjrma- 
nent.  and  the  passages  correspondingly  constant.  The  living  walls  of  a 
capillary,  however,  is  not  a  constant  unchanging  thing.  The  epithelioid 
plates  and  other  elements  which  constitute  it  are  alive,  and  being  alive  are 
continually  undergoing  change  and  are  especially  subject  to  change;  more- 
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over,  aB  we  have  seen  ($§  22,  23),  the  vaaculur  watle  appear  to  be  coDtinually 
acting  upon  aud  beiug  acted  upon  by  the  blood.  Hence  a  change  in  the 
bloM  tendft  to  cause  changes  in  theru  ;  and  these  changea  may  materially 
ftflbct  in  one  direction  or  another  their  action  as  tillers.  In  nn  ordinary  Hiter 
increase  of  pressure  necef^sariiy  emails  increase  of  filtration;  in  a  living 
tiker  it  may  or  may  uot^  and  the  same  increase  of  pressure  may  according  to 
drcumatanceo  produce  very  different  reBults  as  regards  the  transudation  of 
lyiupb. 

Thus  it  seems  reasonable  to  suppose,  as  we  have  suggested  (§227),  that, 
others  things  being  the  same,  an  increase  of  blood-pressure  should  necessarily 
ittOreaae  the  transudation  of  lymph.  Hence  when  a  small  artery  dilates^ 
■iBoe  the  pressure  in  the  still  smaller  branches  and  capillaries  of  that  artery 
ia^  a«  we  have  more  than  once  pointed  out,  increased,  more  lymph  apj>ears  in 
the  lymph-spaces;  indeed  it  is  one  of  the  main  purposes  uf  the  widening  of 
ftmall  arteries  to  supply  the  elements  of  the  tissue  with  more  lymph,  that  is, 
wuii  more  foo<l.  But  it  does  not  therefore  follow  that  under  all  circum- 
utknca  widening  of  the  artery  should  increase  the  passage  of  lymph  ;  some- 
thing may  occur  to  counteract  the  natural  effect  of  the  increased  pressure  in 
the  bttKxlves^ls.  An  instance  of  this  seems  to  bo  afforded  by  the  case  of 
the  submaxillary  gland,  when  the  chorda  nerve  is  stimulated  while  the  gland 
ii  under  the  iuUuence  of  atropine.  As  we  have  seen^  though  the  arteries 
dilute,  no  secretion  takea  place.;  and  we  cannot  explain  the  ahf^ence  of  a  flow 
into  the  alveoli  by  supp<:)sing  that  the  extra  amount  of  lymph  which  would 
in  normal  circumfitanctaiform  part  of  the  secretion,  and  in  the  ca^ie  of  a  fairly 
copious  secretion  would  l>e  considerable,  now  pasiies  away  by  the  lymphatics 
without  reaching  the  cells  of  the  alveoli,  for  in  such  cases  no  extra  flow  in 
the  lyiuphaiics  leadtug  from  the  gland  has  been  observed,  and  there  is  no 
accumulation  of  lymph  in  the  connective  tissue  of  the  gland.  Apparently^ 
£or  some  reason  or  other,  in  spite  of  the  increased  pressure  in  the  bloodvea- 
more  lymph  than  usual  does  not  pass  into  the  lymph-spacer. 

Tliaaagaiu^  as  we  shall  presently  have  occasion  to  point  out,  an  increase 
oCpraanre  in  the  bloodvessel  produced  by  obstruction  to  the  veuuus  outHow 
m  much  more  efficient  in  promoting  an  increase  of  transudation,  at  all  events 
abnormal  increase,  than  Ls  an  increase  of  arterial  pressure;  and  the  dif- 
ice  between  the  tw<j  cases  appears  to  be  too  great  to  be  accounted  for  on 
gn}und  that  an  obstruction  to  the  venous  outflow  raises  the  prt:ssure 
within  the  capillaries  and  small  vessels  more  readily  and  to  a  higher  degree 
than  d<.n»  the  widening  of  the  arteries.    Moreover,  tliat  obstruction  to  venous 

itflow  does  not  produce  its  cflectf;  in  the  way  of  transudation  simply  and 
Ijr  by  raising  the  capillary  pressure  is  shown  by  the  fact  that  the  same 
|*liiooiit  of  obstruction  may  or  may  not  give  rise  to  excessive  tran8U<lation 
recording  to  the  condition  of  the  blood  or  other  circumstances.  Foriostiinee, 
though  the  obstruction  produced  by  ligaturing  a  vein  frequently  causes  ex- 
ceadve  transudation,  it  does  not  always  cause  it,  and  the  femoral  vein  of  a 
dog  may  be  ligatured  without  any  excessive  transudation  taking  place  ;  yet 
if,  ailer  the  ligature,  certain  changes  be  induced  in  the  blood  excessive 
transudation  occurs  in  the  leg,  the  vein  of  which  has  been  ligatured  but  not 
ebewbere.  Pointing  toward  the  same  conclusion  is  the  fact  that  excessive 
timnsiulation  more  readily  occurs  when  a  vein  is  plugged  by  a  thrombus 

iaing  from  abnormal  conditions  of  the  vascular  system  than  when  a  vein  is 
Ipty  ligatured.  And  in  general  we  may  say,  and  this  is  a  point  to  which 
veahJall  return,  that  two  things  chiefly  determine  the  amount  of  transuda- 
tion  :  the  pressure  of  the  blood  in  the  bloodveseels,  and  the  condition  of  the 
Vaacular  walls  in  relation  to  the  blood,  the  latter  being  at  least  as  important 
the  former. 
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Another  aspect  of  the  mntter  moreover  deserves  attention.  In  filtration 
the  movement  takew  place  through  the  filter  in  one  direction  only,  whereas  in 
the  living  body,  the  pafisage  of  materiul  through  the  capillflry  wall  takes 
place  in  two  opposit*  direcliom*.  In  all  the  tissues,  though  more  perhaps  in 
certain  tissues  than  iu  others,  the  passage  from  the  bloodvessel  into  the 
lymph-space  is  accompanied  by  a  passage  from  the  lymph-space  into  the 
blootl ;  while  food  for  the  ti&^ue  passes  in  one  direction,  waste  products  paos 
iu  the  other.  In  u  secreting  gland  the  greater  part  of  the  lymph  coming 
from  the  bloodvessels,  the  water  and  other  matters,  pass  away  into  the  lumen 
of  the  alveolus  after  undergoing  changes  in  the  cell ;  but  even  in  such  a  case 
there  is  some  return  from  the  cells  into  the  bloodvessels,  carbonic  acid  for 
instance  if  nothing  else  is  given  up  by  the  cells  to  the  blood  ;  and  in  such 
organs  as  a  muscle  or  the  liver,  the  backward  stream  of  material  from  the 
tissue  to  the  blood  is  extensive  and  important.  Moreover  this  backward 
stream  workn  against  pre-ssure;  indeed,  as  may  be  seen  in  a  muscle,  it  is 
when  the  bloodvecsela  are  dilated  and  the  pressure  in  the  capillaries  and 
small  vessels  highest,  as  during  and  after  the  contraction  of  the  muscle,  that 
the  passage  from  the  tissue  into  the  blood  is  most  energetic.  Many  of  the 
waste  products  of  the  tissue  are  it  is  true  diffusible,  and  we  might  be  tempted 
to  sav  tliat  whiJe  the  lymph  which  feeds  the  tissue  traverses  the  vascular 
wall  I'y  filtration  in  the  direction  of  pressure,  the  waste  products  return  to 
the  blood  against  pressure  by  diffusion ;  but  such  a  view  cannot  at  present 
[je  regarded  as  proved  ;  and  if  it  be  true  as  is  maintained  by  some,  that 
lymph,  including  the  proteids,  may  at  times  be  reabsorbed  from  the  tissue 
into  the  bloodvessels,  it  is  distinctly  contradicted.  We  shall  have  to  return 
to  this  cjoestion  \vhen  we  come  to  deal  with  the  secretion  of  urine;  but 
meanwhile  we  may  adopt  the  conclnsimi,  which  is  especially  supported  by 
the  phenomena  of  disease,  that  while  diHusion  and  iiltnition  play  their  nj- 
spective  parts,  diffusible  substances  passing  in  and  out  of  the  blood  more 
readily  tlian  ludifiusible  substances  and  an  increase  of  pressure  tending  to 
promote  transudation,  the  condition  of  the  vascular  wall  so  profoundly 
intlueuces  the  transit  of  material  as  to  render  the  process  very  complex. 
We  may  probably  regard  it  as  ton  complex  to  be  compared  even  with  filtra- 
tion through  a  filter  capable  of  widely  changing  in  texture  from  time  to 
time,  and  as  more  uearly  resembling  the  process  of  secretion. 

Concerning  the  passage  of  the  lymph  from  the  conf)ne<l  lymph-spaces  into 
the  open  gangways  of  the  lymph-capillaries  we  know  very  little.  Ii,  as 
some  lliink,  the  cavity  of  the  lyniph-oapillary  is  shut  off  on  all  sides  and 
completely  by  a  continuous  lining  of  sinuous  epithelioid  plates,  then  the 
passage  from  the  lymph-apace  into  it  must  be  regarded  as  a  sort  of  repetitiou 
of  the  pa.«sage  from  the  blood-capillary  into  the  lymph-space  as  a  second 
trausu<lation.  But  jf,  as  others  think,  and  as  on  the  whole  seems  more 
probable,  the  lymph-spaces  open  at  places  directly  into  the  lymph-capillaries, 
the  passage  is  a  simply  mechanical  affair  determined  by  the  fr^om  of  these 
openings. 

In  either  case  the  flow  from  the  lymph-spaces  will  be  facilitated  by  all 
events  which  promote,  and  checked  by  those  which  hinder  the  6ow  of  lymph 
along  the  lymph-capiliaries  and  the  other  lymphatic  channels. 

We  may  here  remark  as  influencing  the  quantity  of  lymph  in  the  lymph- 
spaces  and  vessels  that  the  quantity  of  lymph  taken  up  from  the  lymph- 
spaces  by  the  actual  elements  of  the  tissue  may  vary  considerably.  We 
remarked  in  §3f»  on  the  [lecuiiar  relations  of  living  tissue  to  water,  and 
there  are  reasons  fV>r  thinking  that  the  very  substance  of  a  cell  or  a  fibre 
(a  muscular  fibre,  for  instance)  may  hold  iu  itself  a  larger  quantity  of  water 
ttt  one  time  than  at  another.     The  water  thus  taken  up  or  given  out,  and  the 
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inSanrefl  which  may  be  f-arried  in  solution  by  that  water,  conic  from  and  g«> 
the  lymph.  The  condition  of  the  tissue  determines  by  itself  the  amount 
lymph  n\  the  Ivmph  spaces. 
^  304.  rnder  tlie  influence  of  all  these  several  actions  the  lymph  in  the 
various  lymphapaces  of  the  bofly  varies  in  amount  from  time  to  time,  but 
under  normal  circumstances  never  exceeds  certain  limits.  Under  patho- 
loffioal  conditions  those  limits  may  be  exceeded,  and  the  result  is  known  as 
maema  or  dropsy.  Similar  excessive  accumulations  of  lympli  may  occur  not 
in  the  ordinary  lymph-s[>aces.  but  in  those  larger  lymph-spaces,  the  serous 
cavitieB,  any  large  exceea  of  fluid  in  the  peritoneal  cavity  being  known  aa 


The  poflsible  causes  of  oedema  are,  on  the  one  band,  an  obstruction  to  the 
flow  of  lymph  from  the  lym[ih  spaces,  and  on  the  oilier  hund  an  excessive 
trmnsudatiou.  the  lymph  gathering  in  the  lymph-spnces  faster  than  it  can  be 
carried  away  by  a  normal  flow  ;  with  the  former  the  lymphatic  system  itself, 
with  the  Utter  chiefly  the  vascular  system  is  concerneti.  As  a  matter  of 
fact,  however,  oedema  it*  almost  always,  if  not  always,  due  to  abnormal  coudi- 
tiona  of  the  vascular  system,  and  is  the  result  not  of  hindered  outflow,  but 
of  excessive  transudation. 

Owing  to  the  numerous  auaatomoeee  of  the  lymph-vessels  and  the  conse- 
quent establishment  of  collateral  streams,  obstruction  in  the  lymph-passages 
themselves  rarely  if  ever  gives  rise  to  a'dema  ;  and  it  may  be  here  reraarke<l 
that  owing  to  the  same  free  collateral  communication  between  the  lymph- 
renela  the  labyrinthine  panages  of  the  lymphatic  glands  do  not  offer  the 
serious  obstacle  to  the  onward  flow  of  the  general  lymph-stream,  as  might  at 
im  eight  be  supposed.     Nor  have  we  at  present  any  knowledge  which  would 
lead  oa  to  suppose  that  any  physiological  chan^^en  in  the  walls  of  the  lymph- 
Iticv««el8  or  of  the  lymph-c'upillarios,  or  in  tho  lymph-spaces,  by  giving 
fiae  in  w^me  way  to  ubstacles  to  the  flow  of  lymph,  ever  lead  to  an  accumu- 
Utiuu  of  lymph  in  the  latter. 

One  kind  of  <.E<lema  we  have  already  touched  upon  in  speaking  of  the 
'•apillary  circulation  (§  1^3),  viz.,  the  "inflammatory"  cedema.  In  this 
kio'l  of  (pdema,  owing  to  changes  in  the  vascular  walls,  a  larger  amount  of 
iruti*uilution  passes  into  the  lymph-spaces,  and  that  transudation  is  richer  in 
prutt;id  matters,  and  contains  a  larger  amount  of  the  tibrin  factors,  or  at  all 
f'^tiu  is  much  more  distinctly  coagulable  than  ordinary  lymph,  as  well  as 
crottled  with  migrating  corpuscles.  Allied  to  this  inflammatory  cedema  is 
tbf  increase  of  lymph,  alsno  apparent^}'  changed  somewhat  in  character, 
*hich  ap|)ears  as  **  etfusion  "  in  the  serous  cavities  when  these  are  inflamed, 
*' in  pleurisy  and  peritonitis. 

One  of  the  most  comnum  forms  of  cedema  is  an  nxiema  of  primarily, 

ihmigh  not  wholly,  mechanical  origin — a>dema  arising  from  obstniction  to 

tin?  venous  flow  ;  under   the^e  circumstances  more  lymph   parses  into  the 

l»niph-«pace«  than  the  lymph-veaseU  are  able  to  carry  away-     If  the  femoral 

»»Jn  Hf  lied  the  leg  may  Iwcome  (edematous,  and,  as  we  have  aaid,  ivdema  is 

'     t)  result  of  the  plugging  or  obstruction  of  veins  ihnuigh  disease; 

■i-  tiia  which  is  so  common  an  accompaniment  of  heart  disease,  involv- 

•ng  uh«ruction  tii  the  return  of  venous  blood  to  the  right  side  of  the  heart, 

*nri  the  ascites  which  follows  upon  hindrance  to  tho  (>ortal  flow,  are  instances 

iema  of  this  kind.      We  have  already  remarked  on  the  relation  t>f 

Midation  to  bloo<J-pres8ure,and  in  venous  obstruction  the  rise  of  pressure 

*>Uiin  the  small  bloodveascts  is  distinguished  from  that  due  to  arterial  dila- 

Wi*tn  bv  being  accompanied  with  a  want  of  ader|uate  renewal  of  the  blood ; 

ttiis  proDttbly  atTects  the  epithelioid  lining  of  the  bloodvessels  in  such  a  way 

"  '-■  increase  the  transudation.     And,  indeed,  as  is  seen  in  caao  of  heart  dis- 
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ease  with  prolonged  or  repoated  venous  obstruction,  the  oedema,  as  time  gfvea 
on  and  the  ti&suea  become  impaired,  is  more  easily  excited  and  with  greater 
difficulty  removed,  though  the  actual  amount  of  obstruction,  the  actual 
increase  of  pressure  in  the  small  vessels,  roiiiatus  the  same,  or  at  least  is  not 
proportionately  increased. 

Still  auother  ktud  of  codema  is  one  due  to  changes  taking  place  in  the 
blood,  quite  npiirl  from  variations  (jf  btood-pressure.  This  kind  of  wdema 
is  seen  in  some  diseases  of  the  kidney,  in  **  Brighl's  disease'*  for  instance. 
Tn  such  cases  the  blood  ct>ntain3  less  proteids,  aud  indeed  less  84Jlid8,  is  more 
watery  and  of  lower  speciHc  gravity  than  is  noniiaL  lint  the  npdema  is  not 
in  these  cases  to  be  explained  on  the  view  that  tlie  more  watery  blood  passes 
more  readily  through  the  capillary  walls,  for  it  may  be  tshowu  experimentally 
that  the  mere  thinning  of  the  blood,  as  by  the  injection  of  normal  saline 
solution  into  the  bloodvessels,  will  not  at  once  lead  to  tinlema,  at  least  in  the 
"limbs  and  trunk,  and  it  is  these  which  in  Bright's  disease  c^tpecially  become 
oedematous.  In  all  probability  the  a^dcma  of  Bright's  disease,  if  it  be  re-ally 
due  to  the  abnormal  character  of  the  blood,  is  produced  by  the  abnormal 
bloiid  80  acting  on  the  bloodvessels  that  these  allow  a  transudation  greater 
than  the  normal 

But  these  are  pathological  questions  into  which  we  must  not  enter  here. 
We  have  touched  upon  them  because  they  illustrate  the  important  processes 
taking  place  in  the  lymjih- spaces,  luuL  aa  we  have  more  than  once  insisted, 
the  lynii>h  in  the  lymph-spaces  is  the  middleman  of  all  the  tissues,  and  hcnoe 
facts  illustrating  the  tawi^  which  govern  the  ftow  of  lymph  into  and  out  of 
the  lymph-spaces  are  of  fundamental  physiological  importance. 

§  305.  Lifm/Ji-hfarts.  In  the  frog  and  other  amphibia  and  in  reptiles  the 
flow  of  lymph  into  the  venous  system  is  assisteit  by  rhythmically  pulsating 
muscular  lymph-hearts,  which  present  many  curious  analogies  with  the 
blood-heai't.  The  frog  possesses  four  lymph-hearts.  Of  these,  two  belonging 
to  the  hind  limbs  are  plared  one  on  each  aide  of  the  coccyx  near  Its  end, 
and,  being  covered  only  by  aponeurosis  and  the  skin,  may  without  dissection 
be  seen  heating.  Two  anterior  ones  are  placed  on  the  transverse  processes 
of  the  third  vertebra,  and  are  covered  from  view  by  the  shoulder  girdle. 
Each  lymph-heart  is  a  nu>re  or  less  oval  sac  lying  in  one  of  those  lymph  sacs 
or  cavities  lined  with  sinuous  epithelioid  plates,  which,  as  we  have  said,  are 
present  in  the  frog.  It  is  continued  at  one  end,  by  an  oriKce  guarded  with 
valves,  into  a  small  vein  which  opens,  in  the  case  of  the  posterior  heart,  into 
a  crural  vein,  and  in  the  case  of  the  anterior  hearts  into  a  jugular  vein. 
The  wall  coufeists  of  muscular  libres  arranged  in  a  plexiform  manner  and 
supported  by  a  conshlerable  amount  of  connective  tissue.  These  fibres  are 
striated  and  branched  and  are  intermediate  in  character  between  cardiac 
and  skeletal  nui&cular  tibrcs.  Nerve-Hbres  terminate  in  these  muscular 
fibres,  and  the  muscular  wall,  unlike  that  of  the  blood-heart,  is  supplied 
with  capillary  bloodvessels.  The  interior  is  lined  with  epithelioid  plates  of 
sinuous  outline,  and  this  lymphatic  lining  is  continued  along  a  number  of 
openings  or  pores,  by  which  the  cavity  of  the  heart  opejin  into  the  surrounding 
lymph-space.  When  ihc  heart  contracts  the  contents  are  driven  into  the 
vein,  the  lymphatic  jiores  l)eiug  closed  by  the  approximation  of  the  con- 
tracting muscular  hhres;  when  the  heart  dilates  the  Hold  in  the  vein  is 
prevented  from  returning  by  the  valves  at  its  mouth,  while  the  lymph  enters 
readily  from  the  surrounding  space  through  the  now  open  pores.  In  the 
frog  regular  lym]>haiic  vessels  are  scanty  ;  hence  these  lymph-hearts  become 
of  considerable  importance  in  promoting  the  flow  of  lymph.  The  lymph- 
hearts  of  reptilia  iire  similar  in  structure  and  function.  In  the  frog,  in 
which  they  have  been  chietiy  studied,  the  action  of  the  lymph-hearts  is  in 
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mre  dependent  on  the  spinal  cord.  The  posterior  lyinph-henrts  belong- 
to  the  hind  limbs  are  connected  hy  raeaus  of  the  delicate  tenth  pair  of 
•pinal  nerves  with  a  region  ol'the  cord  opposite  the  sixth  or  seventh  vert4.*l>ra 
in  such  a  way  that  section  of  the  nerve  or  destruction  of  the  particular  region 
of  the  cord  suapeudsor  destroys  their  activity.  The  anterior  pair  are  similurly 
connect«<i  with  a  region  of  the  spinal  cord  opposite  the  third  vertebra.  Kucb 
p«ir  therefore  aeems  to  have  a  "  centre  *'  in  the  spinal  cord  ;  but  it  is  probable, 
iboiigb  observera  are  not  wholly  agreed,  that  the  hearts,  ailer  destruction  of 
their  spinal  centre,  ultimately  resume  their  rhythmic  beats,  so  that  the 
dcpendeDce  of  their  activity  on  the  spinal  centre  is  not  an  absolute  one. 
Like  the  heart  of  the  blood-system,  the  lyniph-ht-arts  may  be  inhibiteil,  and 
that  in  a  i-eflex  manner,  the  inhibition  centre  being  moreover  in  the  medulla 
vblongata.  If  a  trog  be  carefully  observed,  the  activity  of  the  lymph-hearts 
will  be  found  to  vary  largely,  and  these  variations  appear  to  he  in  part  due 
to  nervous  influences,  so  that  in  this  way  the  movement  of  lymph,  and  hence 
the  processes  of  absorption,  are  in  this  animal  directly  dependent  oo  the 
nervous  «vstem. 


Absorption  from  the  Alimentary  Canal. 

§306.  We  may  now  return  to  conaider  the  abaorption  of  the  products  of 
diction,  that  is  to  say,  the  pMBage  of  these  bodies  from  the  interior  of  the 
alimentary  canal,  where  they  are  really  outside  the  body  pro|>er,  into  the 
body  itself.  For  simplicity's  sake  we  may  consider  digestion  in  a  broad 
wajr  as  the  conversion  of  practically  non-ditfusible  proteids  and  starrh  into 
more  diifusible  peptone  and  highly  dilHisihle  su^ar,  and  as  the  emuluifyiug, 
or  division  into  minute  particles  of  fats.  We  have  reason  to  believe  that 
•ome  of  the  sugar  may  be  changed  into  lactic  acid,  or  even  into  butyric  or 
other  acids,  chat  some  of  the  proteids  are  carried  beyond  the  peptone  condi- 
tion into  leucin  and  other  bodies,  and  that  some  of  the  fat  may  be  saponified  ; 
and  it  may  t»e  that  some  uf  the  protcid  material  of  the  fnocl  passes  into  the 
body  as  albumose  or  even  as  parapeptone,  or  in  some  other  little  changed 
cunditiun.  But  we  may  probably  with  safely,  fur  present  purjiosei*,  ai<;sume 
thai  the  greater  part  of  the  proteid  is  absorbed  as  peptone,  that  carbohydrates 
are  mainly  absorbed  as  sugar,  and  that  the  greater  part  of  the  fat  passes 
into  the  Inxiy  as  emulaitied  but  otherwise  unchanged  neutral  fat;  and  wc 
mar  neglect  the  other  conditions  of  digested  f^>od  as  subsidiary,  and  as  far 
■a  absorption  is  concerned,  unimportant. 

We  have  seen  that  two  paths  are  oj>en  for  these  products  of  digestion,  one 
by  the  capillaries  of  the  p«>rtal  system,  the  other  by  the  lacteals.  It  cannot 
be  a  matter  of  indiflercnce  which  course  is  taken.  For  if  the  products  pass 
by  the  lacteals  they  fall  into  the  general  bWd-current  after  having  under- 
gone only  such  changes  as  they  may  experience  in  the  lymphatic  system; 
while  if  they  pass  into  the  portal  vein  they  are  subjected  to  certain  powerful 
iofluencee  of  tbe  liver  (which  we  shall  stucly  in  a  future  chapter)  before  they 
fiod  tbeir  way  to  the  right  side  of  the  heart.  We  may,  therefore,  consider 
first  which  of  the  two  paths  is,  as  a  matter  of  fact,  taken  by  the  several 
products,  and  subeec{uently  study  the  mechanism  of  absorption  in  the  two 


The  Courfc  taken  hy  the  Stverai  ProdttcU  of  Di^etdion. 

$307.  From  what  has  already  been  said  we  have  been  led  to  regard  the 
villi  OS  the  most  active  organs  of  ahsfjrption,  and  the  structure  of  a  villus 
leadfl  us  further  to  conclude  that  the  difiusible  peptones  and  sugar  pass, 
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together  with  the  water  in  which  they  are  diMolved,  into  the  6UperficialI_v 
placed  capillary  network  of  the  vilhia  and  so  into  the  portal  system,  whiJe 
the  merely  emulsified  lat,  unable  to  traverse  the  wall  of  the  capillan>'.  passes 
ou  to  the  deep-seated  lacteal  radicle,  and  so  findn  it«  way  iuto  the  lymphatic 
system.  And  the  results  of  ohservation  and  experiment,  as  far  as  they  go, 
support  this  view. 

Fais.     After  a  meal  containing  fat  the  lymph  of  the  lacteals  cxmtains  fat,| 
and  is  now  called  chyle ;  and  the  richer  the  meal  in  fat  the  more  conspicuous 
is  the  fat  in  the  lyrnph-vesselH.     We  cannot,  however,  prove  that  aJl  the  fat 
of  a  meal  ahsorbed  from  the  alimentary  is  poured  by  the  thoracic  duct  into 
the  venous  system.     If  a  meal  containing  a  known  quantity  of  fiit  be  given] 
to  a  dog  and  the  email  quantity  of  fat  present  in  the  feces  corresponding  tol 
the  meal  be  subtracted  from  that  amount,  we  can  determine  the  amount  oP 
fat  absorbed,  for  we  have  no  evidence  whatever  that  any  appreciable  amount] 
of  fat  undergoes  a  destructive  decomposition  in  the  alimentary  canal.     CuU] 
lecting  by  means  of  a  canula  inserted  into  the  thoracic  duct  the  whole  ofj 
the  chyle  during  and  after  the  meal  ao  long  as  it  remains  milky,  showing' 
that  fal  is  being  absorbed,  we  can  ascertain  the  quantity  of  absorbed  fat, 
which  would,  but  for  the  operation,  have  passed  iuto  the  venous  system. 
When  this  has  been  done,  a  very  remarkable  deficit,  amounting  it  may  be  u^ 
40  or  50  per  cent,  has  been  observed ;  that  is  to  say,  of  every  KK)  parts  of 
fat  which  aisapj)ear  from  the  alimentary  canal  only  about  60  parts  find  their 
way  through  llie  thoracic  duct  into  the  venous  system. 

Are  we  then  to  conclude  that  the  missing  quantity  finds  its  way  into  the 
portal  system  ?     Now  the  portal  blood  does,  during  digestion,  contain  a  cer- 
tain quantity  of  fat ;  indeed,  the  serum  Is  said  at  times  to  appear  milky  from^ 
the  presence  of  fat.     But  the  whole  circulating  blood  during  the  digeetioiij 
of  a  fatty  meal  contains,  for  a  while,  the  fat  poured  into  it  by  the  thoracioi 
duct ;  aud  it  has  been  &3certaiued  in  the  dog  that  the  blood  of  the  |K)rtaI| 
vein  during  digestion  contains  not  more  but  less  fat  than  the  blood  of  the] 
carotid  artery,  so  that  the  fat  which  ap}.iears  in  the  portal  blood  duriug 
digestion  is,  for  the  most  jiart  at  least,  not  fat  ab8orl>ed  by  the  capillaries  of- 
the  alimentary  canal  but  fat  absorbed  by  the  lacteala.     Moreover,  when  the 
chyle  of  the  thoracic  duct  is  diverted  through  a  cauula,  and  not  allowed  to 
flow  into  the  blood,  the  (|iiantity  of  fat  in  the  portal  blood  as  in  the  blood  at 
large  is  very  small  indeed.     Ltuslly,  when  a  villus  of  an  intestine  In  full 
digestion  of  fat  is  treated  with  oamic  acid,  fat  cannot  be  recognized  by  the 
microscope  within  the  capillaries  ur  ulber  bloodvessels,  though  it  abounds 
outside  them  in  the  &iib&tauce  of  the  villus  and  in  the  lacteal  radicle. 

We  may  probably,  therelbre,  infer  with  safety  that  all  or  at  least  very 
nearly  all  the  fat  abori>ed  from  the  intestine  takes  the  path  of  the  lacteals. 
As  to  the  deficit  mentioned  above,  that  is  as  yel  without  explanation.  It 
may  be  that  in  some  way,  on  its  course,  in  the  lymphatic  glands,  for  instance, 
the  fat  is  taken  away  i'roui  the  chyle,  hidden  so  to  speak  somewhere  away 
from  both  chyle  and  blood ;  but  on  this  point  we  have  no  exact  information, 

^308.  ]\\iUr  ttnd  aalU.  If,  in  an  animal,  the  rate  of  flow  of  lymph  or 
chyle  through  a  canula  placed  in  the  thoracic  duct  be  watched,  aud  water 
or,  to  avoid  the  injurious  efieot  of  simple  waler  ou  the  mucous  membrane, 
normal  saline  solution  Le  then  injected  in  not  too  great  quantity  into  the 
intestine,  no  marked  incr^ar^o  in  the  llow  of  chyle  through  (he  canula  is 
observed.  From  this  we  may  inier  that  the  water  of  the  intestinal  contents 
is  absfirbed  not  into  the  lacteals  hnt  into  the  portal  system.  If,  however,  a 
very  large  quantity  of  the  normal  saline  solution  be  injected  so  as  tr>  distend 
the  intestine,  then  the  flow  of  chyle  is  increased  to  some  extent.  It  would 
appear,  lheref(»re,  that  while  uuder  normal  conditions  the  water  passes  from 
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the  intestine  nminly  into  the  portiil  l)lood»  some  of  it  miiy  under  some 
circumstances  ptuse  into  the  Incteals. 

With  regard  to  the  course  taken  bv  ordinary  saline  matters  we  posueaj  no 
detailed  informatiun.  When  ftpecial  salts  such  as  potassium  iodide  aud 
oihere,  easily  recognized  by  appropriate  tefiU,  are  intro<)uced  into  the  intes- 
tine, they  may  be  speedily  detected  both  in  the  blood  and  in  the  content  of 
the  thoracic  duct;  but  whether,  in  such  cases,  these  salts  tind  tlieir  way  into 
tlie  thoracic  duct  by  the  laetenl  radicle  of  the  villi,  or  pass  into  the  lymph 
•Cream  at  some  later  part  of  its  course,  we  do  not  know.  Nor  can  we  with 
regmrd  to  such  a  salt  as  sodium  chloride,  state  ubsohitely  that  it  posses  mainly 
with  the  water  into  the  portal  bloody  though  we  may  fairly  suppose  this  to 
be  the  case. 

{  309.  Sugar.  Both  bloud  and  chyle  contain,  normally,  a  certain  snmll 
amount  of  sugar;  and  careful  inquiries  show  that  the  percentage  of  sugar 
ID  chyle  and  in  general  blood  is  fairly  conetarit.  neither  being  to  any  marked 
extent  increased  by  even  amylaceous  ntea1<> ;  on  the  other  hand,  a  meal  con- 
taining sugar  or  starch  does  temporarily  increase  the  quantity  of  sugar  in 
the  porta]  blood.  From  this  we  may  infer  that  such  portions  of  the  sugar 
of  tne  intestinal  contents  as  are  absorbed  as  sugar  pass  exclusively  by  the 
p>]tal  vein.  We  may.  however,  here  call  attention  to  tlie  difliculties  attend- 
ing an  argument  of  this  kind.  In  the  first  place  the  quantitative  dotermi- 
DatioD  of  a  small  amount  of  8ugar  in  so  complex  a  fluid  as  blood  is  attended 
with  great  ilitHcultie^  and  uncertainties.  In  tiie  second  place  a  very  large 
aoantity  of  hlootl  is  at  any  one  moment  streaming  through  the  capillariea  of 
tiie  alimentary  canal ;  and  we  may  perhaps  speak  of  the  quantity  which 
namin  through  them  during  the  whole  perion  of  digestion  aa  being  enormous. 
Hence  though  each  100  c.c.  in  passing  through  the  capillaries  might  take  up 
a  quantity  of  sugar  so  small  as  to  fall  almost  within  the  limits  of  crror»  of 
obeervation,  yet  the  whole  quantity  absorbed  during  the  hours  of  digestion 
might  be  considerable ;  or  to  jmt  it  in  another  way,  un  error  of  observation, 
unavoidable  with  our  pretiont  nieana  of  analysis,  on  a  sample  of  blood  taken 
from  the  portal  vessels  might  lead  to  a  wholly  unwarranted  conclusion  that 
migar  was  or  was  not  being  absorbed.  Making  every  allowance,  however, 
Ibr  these  ditHculties,  the  increase  of  sugar  which  has  been  observed  in  the 
poctal  bloo<l  during  digestion  seems  totj  great  to  permit  of  any  other  condu- 
akm  than  that  sugar  is  really  ab64)rbed  from  the  alimentary  canal  by  the 
blood  Teasels. 

When,  however,  a  large  quantity  of  sugar  dissolved  iu  a  large  quantity  of 
water  is  pre:ient  in  the  intestine,  the  sugar  in  the  chyle  is  said  to  be  increased. 
In  auch  a  case  the  excess  of  water,  as  stated  above,  parses  into  the  lacte&is, 
and  in  so  doing  appears  to  carry  some  of  the  sugar  with  it 

^  310.  Proleifh.  The  difficulties  attending  the  experimental  determination 
of  the  path  taken  bv  proteids  are  greater  even  than  in  the  case  of  sugar;  for 
ibe  exact  quantitative  estimation  of  peptone  in  blood  (and  we  are  assuming 
that  proteids  are  mainly  absorbed  as  peptone)  is  a  task  of  the  greatest  diffi- 
cultj,  one  compared  with  which  that  of  estimating  sugar  appears  almf>st 
easy.  Bearing  this  in  mind  we  may  state  that  all  observers  are  agreed  that 
peptone  is  al>sent  from  chyle  or  at  least  that  its  presence  cannot  be  satisfac- 
torily proved.  On  the  other  hand,  while  some  ooservers  have  succeeded!  in 
fodtog  i>eplone  in  the  portal  blood  afler  food,  but  not  during  fasting,  many 
bare  latled  to  demon.stnile  the  presence  of  peptone  in  the  blood  either  of  the 
|K>rtal  vein  or  of  the  ve^w'la  at  large  even  after  a  meal  containing  large 
(luaiitilies  ot  proteids.  Of  course,  as  we  argued  in  speaking  of  the  absorp- 
tion of  sugar,  the  quantity  of  peptone  passing  into  the  portal  bUxxl  at  any 
moment  might  be  small,  and  yet  a  considerable  quantity  might  so  pass  during 
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the  hours  of  digestion.     We  may  suppoee,  moreover,  that  that  which  does 
pass  la  immediately  converted,  poaBibiy  by  some  ferment  action,  into  one  oH 
other  of  the  natural  proteids  of  the  blood,  or  otherwise  dispoeed  of;  andj 
indeed,  peptone  injected  carefully  and  slowly  into  a  vein  disappears  from  the! 
blood,  though  little  or  even  none  [)a8sea  out  by  the  kidney.     And  the  view 
tliat  peptone  is  bo  changed,  possibly  in  the  very  act  of  absorption,  is  sup-, 
ported  not  only  by  the  statement  that  peptone  may  be  found  in  the  practi- 
cally bloodless  wall,  that  is,  mucous  membrane,  of  the  intestine  removed 
from  a  dead  animal  even  when  it  appears  to  be  absent  firom  the  blood,  but' 
also  and  especially  by  the  following  observation.     If  an  artificial  circulatioii, 
of  blood  be  kept  up  in  the  mesenteric  arteries  supplying  a  loop  of  intestine 
removed  from  the  body,  the  loop  may  be  kept  alive  for  some  considerable 
time.     During  this  survival  a  considerable  (juantitv  of  peptone  pluce<l  iu  the 
cavity  of  the  loop  will  disappear,  i.  c,  will  be  absorbed,  hut  cannot  he  recov- 
ered from  the  blood  which  is  being  used  for  the  artificial  circulation,  and  I 
which  escajMs  from  the  veins  ailcr  traveling  the  intestinal  capillaries.     The 
disappearance  is  not  due  to  any  action  of  the  blood  itself,  for  peptone  intro- 
duced iut<j  the  blo<xl  before  it  is  driven  through  the  meseuteric  arteries  in 
the  experiment  may  be  recovered    from  the  blood  as  it  escapes  from  the 
mesenteric  veins.     It  would  seem  as  if  the  peptone  were  changed  before  it 
actually  gets  from  the  interior  of  the    intestine   into   the   interior  of  the 
capillaries.  J 

But  the  argument  that  the  absence  of  peptone  from  the  blood  is  no  proofs 
that  the  peptone  is  not  absorbed  into  the  blood  may  also  bo  applied  to  the 
chyle,  and  thus  leaves  us  unable  to  draw  a  conclusion  as  to  the  path  of  the 
proteids.     The  following  indirect  proof  that  |>eptone  doee  not  ]tas»  into  the 
chyle  has  been  offered,  but  it  too  is  open  to  objection.     We  shall  see  here- 
after that  the  ahsorptiiin  of  protoid  material    leads  to  an  increase  in  the  I 
elimination  of  urea  by  the  kidneys.     So  marked  is  this  increase,  that  unless  I 
there  be  clearly  some  other  causes  at  work  leading  to  an  increase  of  urea,  \ 
such  as  fever  for  instance,  an  increase  of  urea  in  the  urine  following  upon  \ 
the  administration  of  proteid  food  may  be  taken  as  a  proof  that  the  proteid  j 
food  has  been  digested  and  absorbed.     Now  if  iu  a  dog  the  thoracic  duct  be 
successfully  ligatured  so  that  the  chyle  cannot  pass  as  usual  into  the  blood,  J 
and  the  dog  be  fed  on  i>r(iteid  food,  as  free  as  possible  from  fat,  so  as  not 
unnecesanrify  to  load  the  ohstructeci  lacteals,  an  increase  in   the  urea  of  the 
urine  is  oljserved  as  usual.     Obviously  in  such  a  case  the  proteid  food  is 
absorbed,  and  obviously  also  does  not   pass   iutn   the   blrxKl    through  the ' 
thoracic  duct  (the  success   of  the    ligature  having  been  proved    by  post- 
juurtem  examination).     But  the  ex jMjiimeut,  though  as  far  ita  it  goes  sup- 
]K»rting,  does  not  rigorously  prove  the  view  that  the  proteids  are  absorbed 
by  the  capillaries  of  the  alimentary  canal ;  for  the  thoracic  duct  and  lym- 
phatics below  the  ligature  were  found  largely  distended,  and  lymph  and 
chyle  appear  to  have  escaped  from  the  vessels;    hence  it  is  possible  that 
some  at  least  of  the  proteids  were  absorbed  by  the  lacteals  of  the  intes* 
tine,  but  finding  their  usual  path  blocked  made  their  way  into  the  blood 
stream. 

We  may,  therefore,  say  that  the  results  of  experiment  while  they  do  not 
definitely  prove,  give  some  support  to,  and  at  least  do  not  contradict,  the 
view  which  we  a  Tittle  while  ago  jmt  forward  as  ]>robable,  namely,  that  of 
proteids,  transformed  into  diHtiHiblc  peptones,  pasa  into  the  hloodveasels  and 
not  into  the  lacteals. 

But,  if  this  view  be  provisionally  accepted,  it  must  be  on  the  understand- 
ing that  it  is  probable  only :  nnd  it  maybe  that  proteids  do  not  take  the 
same  paths  and  are  nut  absorbed  in  the  same  condition  in  all  animals.     The 
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OKperimeots  just  related  were  performed  on  dogs,  that  ia  to  say  on  dirnivor* 
OUfl  animals  whose  (nalural)  food  contains  a  considerable  quantity  of  fat, 
mod  whose  lacteals  might,  therefore,  be  considered  as  preoccupied  in  the 
abaorption  of  fat.  The  food  of  herbivura  ou  tlie  other  hand  contains  a 
relatively  small  amount  of  fat ;  and  if  in  these  animals  all  the  proteids  and 
carbohydrates  arc  absorbwl  by  the  bloodveasels,  there  is  comparatively  little 
Irft  for  the  lacteals  to  do.  Yet  in  these  animals  the  lacteals  and  lymphatics 
are  well  developed.  In  the  villus  of  a  herbivorous  guinea-pig  or  rabbit, 
though  the  reticular  tissue  is  very  scanty  as  compared  with  that  prcs^mt  in 
the  villus  of  a  dog,  the  lacteal  chamber  ia  relatively  to  the  diameter  of  the 
villus,  not  merely  as  large  as  but  much  larger  than  in  the  dog.  It  is  dilli* 
cult  to  suppose  that  this  wide  chamlier  is  intended  solely  for  the  absorption 
of  the  relatively  small  amount  of  fat  present  in  vegetable  foo<l.  The  ques- 
rhich  wc  are  discussing  is  clearly  at  present  to  he  rogardc<l  as  by  no 
nitled. 

The  Mechnnism  of  Absorption, 

5  311.  Tfte  ab«>rption  of  fatt.  We  have  now  to  consider  the  manner  in 
which  tbeee  several  substances  pass  into  either  the  lacteal  radicle  or  the 
capillary  bloodvessel.  It  will  be  convenient  to  begin  with  the  absorption  of 
the  fats. 

We  have  seen  reason,  §  281,  to  think  that  the  fats,  remaining  chiefly  as 
neutral  fats,  are  emubiiied  in  the  intestine  by  means  of  the  bile  and  pan- 
creatic jutce,  the  small  quantity  of  soap  which  is  formed  probably  serving 
•amply  the  purpose  of  facilitating  the  emulsification. 

The  neutral  fats  so  emulaiHcd  pnas  in  the  lirgt  instance  into  the  bodies  of 
the  columnar  cells  of  the  villi  [Fig.  124].  It  has,  it  is  true,  been  main- 
tained by  some  that  they  pass  behceen  the  cells  and  not  into  them;  but  the 
•Tidenoe  is  distinctly  against  this  view.  The  cells  may  again  and  again  be 
SBBD  crowded  with  fat,  and  the  cases  in  which  the  fat  has  been  seen  Ijetween 
the  oellfl  and  not  in  them  are  due  to  the  extrusion-  of  the  fat,  during  the 
abriDking  of  the  villus  in  the  course  of  preparation,  from  the  cells  into 
apacee  between  the  cells.  In  the  frog,  in  which  there  are  no  villi,  and  in 
which  the  folds  of  mucous  membrane  serving  the  purposes  of  villi  do  not  so 
readily  shrink,  the  presence  of  fat  globules  in  the  cells  after  a  fatty  meal  can 
alwajrs  be  easily  demonstrated  by  osmic  acid  preparations.  Since  no  such 
ctillections  of  fat  globules  are  seen  in  the  cubical  cells  of  the  glands  of  Lie- 
berkiihu  we  infer  that  lhc;*e  have  nothing  to  do  with  the  absorption  of  fat. 

How  the  fat  enters  into  the  substance  of  the  cell  we  do  not  know.  We 
may  presume  that  the  striated  border  plays  some  part,  but  what  part  we  do 
DOC  know.  Though,  as  we  have  seen,  the  rods  making  up  the  border  appear 
able  to  move,  to  change  their  form,  we  have  no  evidence  that  the  fat  ia  in- 
tniduced  into  the  cells  by  means  of  any  movements  of  these  rod.s.  We  may 
iiDaffioe  that  the  globules  pass  into  the  cell  substance  by  help  in  some  way 
of  these  rods,  through  am(eboid  movementa  comparable  with  the  iugestive 
movements  of  the  body  of  an  anireba;  but  we  have  no  [>ositive  evidence  to 
•opport  this  view.  We  said  (?>  547  i  that  bile  promotes  the  passage  of  fat 
through  membranes,  {Kissibly  by  in  some  way  promoting  a  closer  contact 
between  the  |>articles  of  fat  and  the  substance  of  the  membrnue;  but  even 
if  bile  has  this  elfect  on  the  surtace  of  the  cells,  ita  action  in  this  res{»cct  can 
be  ^uh^diary  only. 

Within  the  columnar  cell  the  fat  may  be  seen,  both  in  osmic  acid  prepa- 
ratiom  and  in  fresh  living  cells,  to  be  disposed  in  globules  of  various  sizes, 
•ijme  large  and  some  small,  each  globule  placed  in  a  space  of  the  proto- 
plasmic cell  substance.     It  does  not  follow  that  the  tat  actually  entered  the 
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cell  exactly  in  the  form  of  these  ylobules ;  it  may  be  that  the  fat  passes  the 
striated  border  in  very  niinute  ejiberules  which,  reaching  the  body  oi'  the 
cell,ruu  together  iuto  larger  globules;  but  whether  this  is  so  or  not  we  do 
uot  know. 


Fig.  124. 


A.  HRi.Tiox  €ir  THF.  Vii.i.cs  OF  A  Rat  Kii.i.Bii  pnRrWG  Fat-aimorptios. 

cp,  epltbeUum ;  fir,  utriatcd  bonier  ;  c,  lynipb-cells :  e*.  Iympb-C6ll£  in  tbe  eplihellum : 
/,  central  lacteal  ooiitalnlug  dbUnteKTAtlutE  lympb>curpuscles. 

B.  Mucoi-5  Hbmbrake  of  Frog's  Intieiine  nimiNO  Fat-aikoeition. 
fp,  epithelium ;  wtr,  itrlattid  border;  c,  lympb-corpuscles ;  t,  lacteal.] 
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From  the  colLimDar  cell  the  fat  passes  into  the  spaces  of  the  reticular 
tifistic  of  the  villus.  It  haii,  it  is  true,  been  contended  that  it  passes  nlong^ 
the  substance  of  the  bars  of  the  reticulum;  but  in  carefully  prepared  osmic 
acid  s[)eciuieu&  of  a  villus  in  active  digestion  of  fatty  fmKl,  the  fat  may  be 
distinctly  recognizetl  as  largely  filling  up,  stili  in  the  form  of  globules  of 
various  sisies,  the  spaces  in  the  meshes  of  the  reticulum  which  are  not  ocru* 
pied  by  the  leucocytes  or  alliod  wanHerinp;  colls.  We  have  seen  (§  261) 
that  the  bases  of  the  columnar  cells,  through  the  gaps  in  the  basement  mem* 
brane,  directly  abut  ujion  the  labyrinth  of  spaces:  and  tbe  fat  once  out  of 
the  base  of  tlie  cell  is  free  in  the  spaces  of  the  labyrinth.  How  it  issues 
from  the. cell  we  do  not  exactly  know  ;  pitssibly  by  a  process  analogous  to 
the  excretion  of  solid  matters  by  an  amceha. 

From  the  labyrinth  of  spaces  of  the  reticulum  of  the  villus  the  fat  passes 
into  the  cavity  of  the  lacteal  radicle;  and  it  is  worthy  of  nute  that  in  the 
passage  it  undergoes  a  change.  In  the  interior  of  the  intestine,  in  the  sub- 
stance of  the  columnar  cell,  and  upparently  in  the  labyrinth  of  the  reticu- 
lum, it  is  KJmply  enuilsilied  fat  consisting  of  glnhnlRs  smull  niid  large;  within 
the  lacteal  radicle  it  conj»i8ts  partly  of  the  same  easily  recognized  globules 
but  partly  of  the  extremely  divided  "  niolecuhir  basis  "  (§  liOO) ;  it  is  now 
no  longer  emulsified  fat  but  chyle.     How  and  by  what  means  this  extremely 
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miiitit«  diTision  of  the  globular  fat  into  the  "  molecular  basis  "takes  place 

^*r<c  <io  not  know ;  nor  do  wt^  know  the  exact  manner  iu  which  the  iat  pasites 

from  the  spaces  of  the  reticulum  into  the  interior  of  the  ra<licle.     If  the 

?ht«i  of  sinuous  epithelioid  plates  which  forms  the  sole  wall  of  the  chamber 

ttdiiOOQUnuous,  presenting  here  and  there  ga|)6  between  tlie  plates,  the  pas- 

Mge  preaents  no  difficulty  in  itself,  but  does  raise  the  difficulty  why  there  is 

M great  A  diHerenco  between  the  chyle  inside  the  chamber  and  the  fat  out* 

ade,    On  the  other  hand,  if^A  obi^ervations  seem  to  show  the  lining  in  ques- 

tioa  U  ftctually  continuous,  the  fat  must  pass  into  the  lacteal  radicle  either 

through  the  substuuee  of  the  plates  or  through  the  junction  lines  of  cement. 

Njch  a  passage  presents  difficulties;  but  at  the  same  time  we  can  conceive 

that  tu  the  struggles  of  such  a  passage  some  of  the  fat  might  be  converted 

into  the  molecular  basis. 

We  may  here  perhaps  remark  that  the  contents  of  the  lacteal  radicle 
oonsist  not  exclusively  of  fat,  but  of  fat  acconipnnic'd  by  the  proteid  and 
other  substances  which  go  to  make  up  the  chyle.  Proteid  and  other  sub- 
stancea  besides  fal  are  also  present  in  the  lymph  which  oQcnpies  in  part  the 
labyrinth  of  the  body  of  the  villus,  and  are  derived^  like  the  lymph  else- 
where,  from  the  blood  of  adjacent  cajullnries;  at  least,  tliey  are  in  [lart  so 
riTed,  though  it  may  be  not  wholly,  for  as  we  have  just  seen  the  passage 
proteid  material  from  the  intestine  into  the  substance  of  the  villus  past 
Use  capillaries  though  not  proved,  must  still  be  considered  as  possible. 

We  have  seen  (^  26;i)  that  the  sjjaces  of  the  reticulum  of  the  villua  are 
BOfe  or  lees  occupied  by  wandering  cells  of  which  we  spoke  under  the 
general  term  of  leucocytes.  These  do  not  all  present  the  same  appearsncea 
and  most  probably  are  not  all  of  the  same  kind.  A  number  of  them 
may  be  distinu;uished  by  the  fact  that  the  cell-body  is  loaded  with  discrete 
granules  which  stain  readily  and  deeply  with  certain  aniline  dyes,  and  which 
toough  not  of  a  fatty  nature  turn  black  with  osmic  acid. 

Some  of  these  leucocytes  wander  not  only  through  the  labyrinth  of  the 

teticulum  but  pass  into  the  epithelium  between  the  cells,  and  may  project 

pvoeeaeea  into,  or  even  make  their  way  eventually  into  the  Interior  of  the 

mt«itine ;  or  following    the   reverse  course  may  wander  from  l^etween  the 

epithelium  cells  into  the  body  of  the  villus;  some  of  tbetu,  moreover,  up- 

I      doabtedly  contain  fat.     Hence  the  view  has  been  suggested  that  these  leuco- 

CTtea  are  important  agents,  indeed  the  chief  agents  >n  the  absorption  of  fat. 

It  has  been  supposed  that  they,  receiving  the  globules  of  fat  into  their  cell 

fabitance,  in  fact  eating  the  fat  exactly  af^er  the  manner  of  an   amceba, 

I      eitber  while  projecting  between  the  columnar  cells*,  in  which  case  they  carry 

I      their  burden  of  fat  thri^ugh  the  epithelium  into  the  villus,  or  while  wauder- 

i      ing  in  the  labyrinth  of  the  villus,  bear  it  away  bodily  into  the  lymphatic 

•TVCem.     But  the  number  of  leucocytes  really  containing  any  appreciable 

C|uaotity  of  fat  is  too  small  to  account  for  the  amount  of  fat  al>sorbed ;  aiooe 

as  we  just  pointed  out  in  a  certain  kind  of  these  cells,  and  this  kind  is  often 

very  abundant,  the  granules  in  the  cell  substance  which  stain  with  oamic 

acid  are  not  fat.     Nor  is  the  abundance  of  leucocytes  in  the  mucous  mem* 

brane  during  the  period  of  digestion  a  sure  prmif  that  they  are  concerned 

in  absorption,  but  rather  an  indication  only  that  active  changes  of  some 

kind  are  going  on.  since  after  the  administration  of  a  saline  such  a^  magne- 

rlium  sulphate,  which  produces  effects  the  very  reverse  of  absorption,  these 
buixwytee  are  present  iu  unusual  numbers.  Moreover,  under  some  circum- 
itaiMxa,  aa  in  the  villi  of  a  new-born  jaippy  after  a  meal  of  milk,  they  are 
■bstttCTen  when  digestion  of  fat  is  rapidly  going  on  and  the  lactcals  are  filling 
with  fat.  In  fact,  what  we  stated  above  concerning  the  presence  of  fat  iu 
iea  of  the  columnar  cells  shows  that  leucocytes  can  have  little  to  do 
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in  transferring  fat  from  the  interior  of  the  iutestine  into  the  body  of  villus; 
and  there  are  no  adequate  rea^^ons  for  attributing  to  them  nny  real  share 
in  the  trauBference  of  fat  from  the  body  of  the  villufi  into  the  lacteal 
chamber. 

§  312.  The  lacteal  chamber  opens  at  the  base  of  the  villus  into  the  valved 
lymphatic  vessels  lying  below,  and  in  these  the  flow  of  lymph  (chyle)  w 
being  promoted  by  the  various  causes  detailed  in  §  301.  The  pressure,  for 
instance,  exerted  by  the  neristiiltic  contractions  of  the  intestine  helps  to 
empty  the  lymphatic  ve.*8el  into  which  a  Incteal  chamber  opens  and  so  pro- 
motes the  eniptyitig  of  the  hitter.  Ill  addition  to  this  the  plain  muscular 
fibres  of  the  villna  supply  a  special  musfiiilar  pump  for  the  emptying  and 
filling  of  the  lacteal  chamber.  These  fibres  and  small  bundles  of  fibres, 
though  running  in  varitnis  directions  (§  '2(hi)  and  varying  in  number  and 
arrangement  in  di^erent  animals,  take  on  the  whole  a  longitudinal  direction 
parallel  to  the  long  axis  of  the  viDus.  It  has  been  supposed  that  in  con- 
tracting and  shortening  the  villus  they  compress  the  lacteal  and  thus  empty 
it,  and  that  when  they  relax  and  the  villus  elongates  again,  the  emptied 
chamber  fills  oni_^  more.  But  a  different  interpretation  of  their  action  baa 
been  oHered  somewhat  as  follows.  When  the  muscular  fibres  contract  they 
shorten  the  villus.  In  thuj*  becoming  shorter  the  body  of  the  villus  becomes 
proportionately  broader,  since  probably  no  great  change  of  bulk  in  the 
reticulum  takes  plnce;  in  this  broadening  the  part  in  give  way  will  be  the 
lacteal  chamber,  which  thus  becomes  broader  nufi  larger.  When  the  mus- 
cular fibres  relax,  the  reticulum,  the  bars  of  which  have  been  put  on  the 
stretch  in  a  lateral  direction,  by  elastic  reaction  brings  back  the  villus  to  its 
former  length,  and  the  lacteal  chamber  elongates  and  narrows.  On  this 
view  the  muscular  contraction  expands  and  so  fills,  while  the  relaxation 
narrows  and  so  empties  the  lacteal  chamber.  Whichever  view  we  adopt,  we 
may  at  least  conclude  that  contractions  and  relaxations  of  the  muscular 
fibres  in  some  wav  or  other  alternately  fill  and  empty  the  lacteal  chamber, 
and  in  all  probability,  at  all  events  during  digestion,  rhythmical  contractions 
of  the*e  fibres  are  continually  going  on.  When  the  villus  is  shorteJied  by 
the  contraction  «f  the  muscular  fibres,  the  columnar  cells  are  compressed, 
becoming  longer  and  narrower;  when  the  muscular  fibres  relax  and  the 
villus  elongates,  the  c<>lumnar  cells  rt^turn  to  their  previous  form.  The 
alternating  changes  of  form  to  which  the  columnar  Ci41s  are  thus  subjected, 
and  the  alteruattng  changes  of  pressure  taking  place  in  the  reticulum,  mav 
also  serve  to  promote  the  passage  of  material  through  the  one  and  through 
the  other. 

§  313.  Th^  absorption  of  lUff'ttsible  mtbjitances  and  of  ^oaier.  On  the  pro- 
visional aasuraptitm  which  we  have  made  that  the  proteids  are  converted 
intt»  peptone,  we  may  con»ider,  for  the  present  at  all  events,  peptone,  sugar, 
and  soluble  salts  as  together  forming  a  class  distinguished  from  fats  by  their 
being  diflusible,  some  more  so  than  others.     And  we  have  made  the  further 

firovisional  assumption  that  these  pass  into  the  bloodvessels  and  not  into  the 
actuals. 

The  network  of  capillary  bloodvessels  is  spread,  as  we  have  seen  (§  263), 
immediately  beneath  the  basement  membrane,  and  all  the  material  which 
enters  the  lacteal  chamber  has  to  run  the  gantlet  of  the  meshes  of  this 
network.  During  digestion  the  capillaries  of  the  intestine  are  filled  and 
distended,  so  that  at  a  time  when  absorption  is  taking  place  these  meshes 
between  the  capillaries  are  unusually  narrow.  From  the  interior  of  these 
capillaries,  here  as  elsewhere,  transudation  is  taking  place;  these  capillaries 
supply  the  lymph  which  helps  to  fill  up  the  labyrinth  of  the  reticulum  and 
the  lacteal  chamber.     But  to  a  much  greater  extent  than  elsewhere  (cf. 
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1508)  thia  current  of  transudatiou  from  within  the  capillary  ti»  without  is 
tcoompauied  by  a  reverse  current  from  without  to  within.     The  diffusible 
fobsUtoccfl  in  question  pass  from  the  intestine  through  the  layer  of  epithelium 
nib,  through  the  attenuated  reticular  lyniph-spnoe  between  the  ba.sement 
mfmbrnne  and  the  capillary  wall,  and  through  the  capillary  wall  into  the 
IiUhJ  current.     Their  paflsage  cuusistH  of  two  stages:  that  through  the  epi- 
iWium  cells  from  the  Intestine  to  the  lyniph-apace.  and  ihiit,  from  the  lymph- 
space  iol^)  the  bloodveeselB.     These  two  stages  may  be  expecteti  to  differ, 
.stHiin;;  that  the  structures  conccrnc<I  are  dificrcnt ;  but  we  may  at  lirst  con- 
sider them  as  one,  and  speak  of  the  passage  frotu  the  intestine  into  the  blood 
u  a  single  event. 

In  speaking  of  these  substances  as  diffuBible,  we  are  using  the  term  in 
reiereace  to  the  well-known  passage  of  such  substances  through  thin  mem- 
branes or  porous  partitions.  When  a  strong  solution  of  sugar  or  of  common 
••It  is  separated  by  a  thin  membrane  (vegetable  parchment,  dead  urinary 
bladder,  dead  intestine,  etc.)  frotu  a  weak  soluLioii  of  sugar  or  of  salt,  the 
migur  or  salt  passes  with  a  certain  nipidity  from  the  stronger  to  the  weaker 
solutiou,  and  water  passes  from  the  weaker  solution  to  the  stronger;  if,  to 
begin  with,  simple  water  be  sulwtituted  for  the  weaker  solution,  the  effect  is 
at  first  still  more  striking.  Peptoue  passes  in  the  same  manner,  but,  as  we 
have  seen,  much  more  slowly.  The  process  is  spoken  of  as  a  physical  one, 
abwB  it  is  not  accompaniefi  necessarily  by  any  chemical  change  in  the  dif- 
ftttiog  substance,  nor  is  there  any  necessiiry  change  in  the  membrane  or 
partition.  The  rate  at  which  a  substance  diffuses,  and  the  total  amount  of 
diffusioD  which  can  take  place,  are  determined  by  certain  <juaHties  of  the 
■abataaoe  (which  we  may  call  physical,  thougii  ihcy  depend  on  the  chemical 
nature  of  the  substance)  in  relation  to  certain  ijualitics  of  the  membrane  ; 
thus  two  salts  may  diffuse  through  the  same  membrane  at  different  rates, 
with  different  rates  in  the  associated  current  of  water,  the  osmotic  current 
n^  it  is  called,  from  the  weaker  to  the  stronger  solution;  and  the  same  Bub- 
suince  may  pass  at  different  rates  through  different  membranes.  By  a  num- 
ber of  observations,  in  which  various  substances  in  solution  and  several 
known  membranes  or  partitions  have  beeu  employed,  a  certain  number  of 
**  Iavb  of  diffusion  "  have  been  established. 

Now  if  by  the  statement  that  diffusible  substances  pa^  by  diffusion  into 
the  blood-capillaries  of  the  intestine,  wc  are  led  to  expect  that  the  passage 
takes  place  exactly  according  to  the  laws  established  by  observations  on 
ordinary  membranes,  we  should  be  led  into  error  ;  for  the  <lisappearaiice  of 
tbew  substances  from  the  interior  of  the  intestine  docs  not  take  place  accord- 
L_.iBg  to  the  laws  which  reguhite  their  disappearance  from  one  side  of  an 
■^■diaary  diffusion  septum.  This  can  be  ascertaine<l  by  introducing  solutions 
^W  ihe  aubstancei},  of  various  strength,  into  a  loop  of  intestine,  isolated  in 
the  living  animal  by  the  method  described  in  $  250,  and  watching  their 
dinppearance  by  analysis  of  the  contents  of  the  loop.  No  very  large  num- 
ber oi  experiments  have  been  made  in  this  way,  but  such  as  have  been  made 
all  flhow  the  diiibrenoe  on  which  we  are  dwelling.  For  instance,  sodium 
9olpbat«  passes  through  an  ordinary  diffusion  septum  with  a  rapidity  rather 
jPToater  than  that  of  dextrose,  whereas  dextrose  disappears  from  the  intestine 
distinctly  more  rapidly  than  sodium  sulphate;  peptone,  which  diffuses  very 
wly  indeed  through  an  ordinary  diffueiion  septum,  disappears  rapidly 
ough  not  BO  rapidly  as  dextroee)  from  the  intcatine ;  and  when  the  details 
tbe  disappearance  from  the  intestine  of  weak  solutions  of  two  sidts  which 
through  an  ordinary  membrane  at  different  rates,  which  have,  as  it  is 
IttTerent  osmotic  equivalents,  are  studied,  these  details  are  quite  different 
Uiuae  of  ordinary  diffusion.     The  more  the  matter  is  studied,  the  more 


428 


THK    TISSUES    AND    MECHANISMS    OF    0IGKST1OX 


decidedly  appareut  heeomes  the  diHereiice  between  ordinary  diiTusion  aud 
the  absorption  of  diffiisiUle  siibetftncea  from  the  intestine. 

Moreover,  in  t^iicli  experinif^iits  on  an  isolated  loop  of  intestine,  the  disap- 
pearance of  materiat  from  the  intestine  is  accompanied  by  the  appearance 
of  material  in  the  intestine,  namely,  proteid  and  other  substances ;  these  are 
derived  from  the  blood.  And  the  question  arises,  If  we  allow  ourselves  to 
regard  the  passiige  of  material  from  the  interior  of  the  intestine  into  the 
blood  as  carried  out  by  ordinary  diffusion,  why  we  should  not  regard  the 
passage  of  material  from  iht^  hWxi  into  the  interior  of  the  iniestinc  as  being 
also  carried  out  by  meaua  of  diffusion  ?  But  such  a  passage  we  speak  of 
elsewhere  as  a  "secretion  ;  *'  and  everything  which  we  have  liitherto  learned 
has  led  us  to  the  conclusion  that  secretion  is  a  different  and  much  more 
complex  thing  from  mere  diffusion.  Even  admitting  that  tlie  suocus  en- 
tericuH  is  of  subordinate  iniportiuice  in  carrying  out  digestive  changes,  we 
cannot  doubt  that  the  glands  of  Lieberkiihn  secrete,  and  may  with  some 
reason  suppose  that  the  columnar  cells  of  the  villi  do  so  also.  Hence  even 
if  we  assume  the  existence  of  an  ordinary  diffusion  current  from  the  blood 
into  the  intestine,  accompanying  and  comptementary  to  an  ordinary  diffusion 
current  from  the  intestine  into  the  blood,  we  are  compelled  to  admit  that 
with  this  there  coexists,  at  times  at  all  events  and  in  varying  intensity,  a 
current  of  a  different  and  more  coni[dex  nature,  a  current  which  is  the 
result  of  secretory  activity.  And  results  which  at  first  sight  seem  explicable 
by  tlie  former  may,  after  all,  be  due  to  the  latter.  Thus  the  flow  of  water 
into  the  intestine,  with  the  subsequent  production  of  a  watery  stool,  which 
follows  upon  the  introduction  into  the  alimentary  canal  of  a  concentrated 
solution  of  magnesium  or  Hodium  sulphate,  may  at  first  sight  seem  to  be 
simply  the  osmotic  current  passing  from  the  weaker  solution  of  the  salt. 
namely,  the  blood,  to  the  stronger  solution  of  the  salt,  namely,  the  intestinal 
contents.  But  the  difference  between  these  effects  of  a  dose  of  magnesium 
sulphate  and  those  of  a  corresponding  dose  of  sodium  chloiide  are  much 
greater  than  can  be  accounted  for  by  the  diffusion  phenomena,  by  the  differ- 
ing osmotic  equivalents  of  the  two  substances;  and  the  more  the  matter  is 
studied  the  more  reason  have  we  to  believe  that  the  flow  of  water  produced 
by  the  former  is  to  a  large  extent  the  result  of  suddenly  increased  secretory 
activity.  So  also  the  fact  that  the  contents  of  the  small  intestine  thnmghout 
its  length  retain  the  same  amount  of  water  relatively  to  the  solids,  that  is  to 
say,  maintain  the  same  or  nearly  the  same  fluidity,  whereas  in  the  large 
intestine  the  water  relatively  dimiuishes  until  at  last  the  feces  become  firm 
and  even  dry,  cannot  be  wholly  explained  without  calling  into  our  aid  varia- 
tions in  active  secretion  as  distinguiislicd  from  mere  physical  diffusion.  And 
in  the  case  of  a  purgative,  such  a^  croton  oil,  producing  a  watery  stool,  when 
only  a  minimal,  we  might  also  say  an  in^nitesimal  amount  of  its  own  sub- 
stance can  at  any  one  time  be  preaent  in  the  intestinal  walls,  the  reeult  is 
obviously  due  to  active  secretion. 

If,  however,  we  are  thus  driven  to  the  conclusion  that  the  passage  from 
the  blood  into  the  intestine  is  a  manifestation  of  secretory  activity  in  which 
epithelium  cells  play  a  part,  gradually  becoming  Httle  by  little  more  intel- 
ligible to  UH,  why  should  we  not  admit  that  the  passage  from  the  intestine  to 
the  blood,  which  as  we  have  seen  does  not  accord  in  its  phenomena  with 
known  procesHer*  <tf  ordinary  diffusion,  is  also  brought  about  by  the  activity 
of  cells,  is  in  fact  a  kind  of  inverU'd  secretion,  and  hcnrc  like  ordinary  secre- 
tion presents  problems  which  cannot  l>e  solved  by  uny  ofl*-ha!id  references  to 
known  physical  processes?  Indeed  this  is  the  ronchiRioii  towant  which 
observation  and  experiment  seem  to  be  steadily  leading  us.  Were  the 
alveolus  of  a  salivary  gland  habitually   tilled   with  a  fluid  of  mixed  aud 
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■■bW  nature  like  the  contents  of  the  alimentary  canal,  wo  should  probably 
PSmBt study  of  the  gland  tiud  our&elves  compelled  to  speiik  of  a  double  cur- 
rmt  M  existing  in  the  glaud^  of  a  current  from  the  cellii  to  the  lumen  of  the 
alveolus,  and  of  a  current  from  the  lumen  to  the  cells.  And  all  along  the 
intwtine  both  the  columnar  and  cubical  cells,  which  everywhere  bear  the 
niarb  of  being  '*  active"  cells,  may  perhapa  be  regarded  aa  eugagcd  in  a 

I  like  double  function.  Over  the  villi  the  receptive  function,  in  the  glanda  of 
LiE^ierkubu  the  ejective  function  is  pretlouunaal ;  but  lui  we  have  euggested, 
{  2B8,  in  the  glands  reception  probtihly  is  not  wholly  alweni,  and  wo  may 
ixufigine  that  in  the  villi  some  amount  of  ejectiun  ((piite  apart  from  the 
aciioQ  of  the  goblet  celts)  may  take  place. 
If  thiif  view  be  accepted,  if  we  admit  that  the  entrance  of  digested  food 
doa  not  take  place  by  ordinary  diffusion,  the  question  may  be  wsked  why  are 
tlM  digestive  changes  directed  toward  increased  diffuKibility,  why  are  proteida 
«ODTBrted  into  diflu&ible  peptones,  and  why  is  starch  converted  into  sugar? 
Beoaow  though  the  cell  is  not  an  apparatus  lor  ditlusiou,  diHusion  is  an 
iaitnuDent  of  which  the  cell  makes  use.  When  we  say  that  peptone  does 
not  enter  the  blood  by  ordinary  diffusion  we  do  uot  mean  that  diffusion  has 
oothixig  to  do  with  the  matter.  The  activity  ot  a  living  cell  is  au  activity 
built  up  npon  and  making  use  of  various  chemical  and  physical  processes; 
ID  ii  the  processes  of  ordinary  ditiusion  play  their  part  as  do  the  processes 
of  ordinary  chemical  decomposition ;  but  the  cell  uses  and  nioilities  them  for 
iu  uWD  ends.  If,  as  we  have  every  reason  to  believe,  the  cell  of  a  villus 
pMM  the  sugar  unchanged  from  the  intestine  into  the  bhunl  capillurv,  it 
Dtktt  use  of  diffusion  to  effect  that  passage  ;  and  if  it  ihaa  change  the  pro- 
teid  into  something  else  before  it  passes  it  on,  it  receives  it  tuto  itself  in  the 
tint  instance  by  help  of  diffusion.  When  we  say  that  substances  do  not 
cater  the  blood  by  ordinary  ditiusion  we  mean  that  the  ditfutiion  which  takes 
pliain  a  living  cell  is  something  so  different  in  the  resiilii?  from  ordinary 
difiuetoQ  through  a  dead  membrane  that  it  in  undesirable  to  .-^peak  of  it  by 
the  aune  name.  In  ordinary  diffusion  the  results  depend  on  the  relation  of 
iIm  mulecules  of  the  diffusing  substance  to  the  minute  pores  or  canald  or 
•ptos  in  the  diffusion  septum.     Thene  canals  or  spaces  are  constant  in  an 

ordinary  septum  ;  but  a  film  of  a  living  cell  may  be  conceived  of  as  a  diffusion 

^K  Mjttiiiii  the  pores  of  which  are  ctmtinually  varying,  and  moreover  as  closiiig 
^H  Dp  ur  opening  out  at  the  touch  of  this  or  that  substance ;  hence  the  pn^isage 
^H  f'^  mnterial  through  the  [x>rcs  of  a  living  cell  takes  place  according  to  laws 
^V  suite  different  (nnu  those  of  ordinary  diffusion. 

f  .( 314.  The  whole  act  of  the  absttrption  nf  substances  with  which  we  are 

*^liag  consists,  as  we  have  said,  of  two  parts:  the  passage  from  the  interior 
ollhe  intestine  through  the  epithelium  cell  into  the  lymph-spaces  or  reticulum 
of  the  villus,  and  the  passage  thence  through  the  capillary  wall  into  the  bhxKl- 
nream.  lu  the  exi)erimeuts  referred  to  above,  it  has  not  been  possible  lu 
dtftinguish  between  these  two  stages  of  the  whole  process;  in  e«ch  case  we 
bare  bad  to  make  use  of  the  terms  *'  from  the  interior  of  the  intestine  into 
tbd  blood  '*  and  "  from  the  blood  into  the  interior  of  the  intestine."  Never- 
llwIcM  the  remarks  which  have  just  been  made  may  be  taken  as  referring 
aora  e«[KH.-ially  to  the  first  stage.  Tliey  lead  us  to  the  conclusion  that  botn 
tktM  and  diflu^ibte  substances,  though  in  different  ways,  are  carried  into  the 
I  iottrior  of  the  villus  by  the  activity  of  the  epithelium  cvWs, 
I  In  n»|>ect  to  the  second  stage  of  the  absorption  of  diffusible  substances,  it 
^^BA|  be  expected  that  part  of  one  or  other  uf  these  substances,  part  of  the 
liB^K  for  instance,  arrived  inside  the  basement  membrane  should  slip  by  the 
i-afkillnry  blo^xlvessel  and  passing  through  the  meshes  of  the  capillary  net- 
work  make  its  way  into  the  lacteal.     And  indeed,  as  we  have  seen,  §  309, 
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under  certain  circumstances  eorae  amount  of  sugar  appears  to  take  this  course. 
But,  as  we  have  also  seen,  under  ordiuiiry  circniustaiiL'ea  the  current,  what- 
ever be  its  exact  nature,  from  the  narrow  lymph-spacf^  h'^^S  between  the 
epithelium  and  the  capillary  intu  the  blood-atream  is  strong  enough  to  carry 
all  or  nearly  all  the  sugar  into  the  bhiod.  In  the  estahlishnient  of  this  cur- 
rent, in  this  secoiul  alage  of  absorption  dittusion  always  plays  a  part,  and 
probably  a  etill  more  conepicuouB  and  decided  part  than  in  the  first  stage, 
seeing  thai  the  epithelioid  plate  of  the  capillary  wall  is  a  far  leaa  active 
structure  than  the  columnar  cell  of  a  villus.  luiieed  it  might  be  open  for 
us  to  contend  that  this  second  stage  was  merely  a  matter  of  diffusion,  what- 
ever might  be  the  nature  of  the  lirat  stage.  But  remembering  what  was 
said  above,  §  303,  in  diacui^ing  the  transudation  of  lymph,  it  seems  more  in 
accordance  with  what  we  already  know,  to  conclude  that  in  this  second 
iia.ee  also  diffusion  is  the  servant  and  not  the  master  of  the  living  capillary 
wall. 

A  word  may  be  added  concerniug  the  special  case  of  the  peptones.  As  we 
have  said,  the  peptones  in  being  absorbed  appear  to  undergo  a  change  some- 
where in  the  mucous  membrane.  We  do  not  know  exactlv  where  or  how  the 
change  takes  place.  It  seems  probable  that  so  marked  ancl  difficult  a  change 
should  ref|uire  the  intervention  of  some  active  living  tissue,  and  we  may 
therefore  suppose  that  it  is  effected  by  the  epithelium  cells ;  but  we  have  no 
exact  knowledge  on  this  point.  If  the  change  be  thus  carried  out  by  means 
of  the  epitheliura  cells,  then  the  latter  stage  of  the  absorption  of  proteids, 
namely,  the  passage  from  the  epithelium  into  the  interior  of  the  capillary,  is 
not  a  passage  of  mffiisihle  peptone,  but  of  some  other  non-diffusible  kind  of 
proteid.  It  may  be,  however,  that  the  change  takes  place  during  the  very 
passage  of  the  materia)  through  the  capillary  wall. 

The  view  that  leucocytes  are  the  agents  of  the  absorption  of  fat,  by  bodily 
taking  up  the  fat  into  their  cell-substance,  has  by  some  l>eeu  extended  to 
proteids;  it  has  been  urged  that  these  take  up  proteids  either  as  peptones  or 
in  some  other  form  and  so  carry  them  into  the  lymphatic  system.  But  the 
evidence  for  this  view  is  even  less  convincing  than  in  the  case  of  fat. 


CHAPTER    11. 


BESPIBATION. 


EUCTX7RE  OF  THE   LUNGS  AND   BrONOHIAL  PaBSAGES. 

16.  One  particular  item  of  the  body's  income,  viz.,  oxygen,  is  peculiarly 
Ue<l  with  one  imrticulur  item  of  the  body'H  wHste,  viz.,  carbonic  acid, 
inMmuch  a*  the  means  which  are  applied  for  the  introduction  «f  the  Conner 
are  lUo  used  for  the  getting  rid  of  the  latter.  Both  are  gaaes,  aiid  the  ingress 
of  the  one  as  well  as  the  egress  of  the  other  ih  far  more  dependent  on  the 
siopte  ph3rBical  process  of  oiffuflion  than  on  any  active  vital  processes  carried 
oo  DT  means  of  tissues.  Oxygen  passes  from  ihe  nir  into  the  blood  mainly 
bj diffusion,  and  mainly  by  ditfusiou  also  from  the  blood  into  the  tissues;  in 
thettme  way  carWiic  acid  passes  mainly  by  diH'usion  Ironi  the  tissues  into 
the  blood,  and  from  the  blood  into  the  air.  Whf  reiis,  as  we  have  seen,  in  the 
McretioD  of  the  digestive  juices  the  epilhelium-cell  plny.s  an  all-iniixirtant 
pRit,  in  respiration  the  entrance  of  oxygen  from  the  lungs  iuto  the  blood, 
and  from  the  blooil  into  the  tissue,  and  the  passaj^e  of  carbonic  acid  in  the 
contrary  direction,  are  atlected.  if  at  all,  in  a  wholly  subordinate  manner,  by 
tbe  behavior  uf  the  pulmonary,  or  uf  the  aipillary  ciuthelium.  What  we 
hare  to  ileal  with  in  respiration,  then,  is  nnt  so  much  the  vital  activities  of 
aaj particular  tissue,  as  the  various  mechantsms  by  which  a  rapid  interchange 
between  the  air  and  the  blood  is  effected,  the  means  by  which  the  blood  is 
*Babl«d  to  carry  oxygen  and  carbc»nic  acid  to  and  from  the  tissues,  and  the 
manuer  in  which  the  several  tissues  take  oxygen  from  and  give  carbonic 
tcid  up  to  the  blood.  We  have  reasons  for  thinking  that  oxygen  can  be 
taken  into  the  blood,  not  only  from  the  lungs  but  also  to  a  certain  small  ex- 
tent from  the  skin,  and,  as  we  have  seen,  from  the  alimentary  canal  also  ;  and 
f^^fouic  acid  certainly  pu^es  away  iVum  the  skin,  and  through  the  various 
wcretions,  as  well  ns  by  the  lungs.  Still  the  lungs  are  so  eminently  the 
cbtnnel  of  the  interchange  of  gases  between  the  body  and  the  air,  that  in 
^iog  at  the  present  with  respiration,  we  shall  uoutine  ourselves  entirety  to 
piiliDooary  respiration,  leaving  the  cousidenition  of  the  subsidiary  respiratory 
PKcsees  till  we  come  to  study  the  secretions  of  which  they  respectively  form 
pvt  We  may  turn  at  once  to  the  structure  of  the  lungs  and  bronchial 
P'Wgf,  including  in  the  latter  the  trachea  but  leaving  the  larynx  until  we 
wtfteio  study  the  voice. 

^S16.  The  lung  takes  origin  as  a  diverticulum  from  the  alimentary  canal, 
*^  we  may  consider  it  as  a  large  branched  specially-modiHed  gland  lined 
*ith  mucous  membrane  and  consisting  of  a  conducting  portion  and  a  secreting 
portion;  the  trachea,  the  two  bronchi  into  which  this  divides,  and  thenunier- 
^'^i  bronchia,  or  smaller  passages  branching  out  from  these,  represent  ducts, 
•**»!  the  secreting  alveoli  of  an  ordinary  gland  are  represented  by  what  we 
**m11  presently  describe  as  air-cells  or  pulmonary  alveoli ;  but  it  must  be 
^Jnie  in  mind  that,  as  we  have  jtist  said,  active  secretion  hy  the  epithelium 
'ining  these  pulmonary  alveoli  is  re<luced  to  a  minimum  or  possibly  absent 
^Itoirelher. 

Tiie  complex  structure  of  the  mammalian  lung  will  be  rendered  easier  of 
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comprehensiun  if  we  tirat  say  a  few  words  cm  the  Htructure  of  a  much  sirupler 
lung,  such  as  thai  of  the  newt  or  the  frog. 

The  lung  of  the  newt  is  a  long  oval  sac  o|)eniuir  by  a  short  single  bronchus 
into  a  very  short  trachea.  It  may,  by  iuflaiion,  be  largely  diatended,  and 
when  the  pressure  ie  removed  ci>liap!^&9  and  shrinks  to  a  very  small  bulk. 
Its  walls  are,  therefore,  higlily  elastic,  iu  the  sense  in  which  we  have  so  ofteu 
used  that  word.  They  consist,  like  mucous  membrane  elsewhere,  of  an 
ejMtheliura  resting  on  a  connective- tissue  biiais.  This  connective-tissue  basis, 
which  is  very  ihin  when  the  lung  \a  distended,  contains  a  very  large  number 
of  elastic  fibres  of  various  sizes  but  mostly  small ;  these  give  the  wall  the 
elasticity  just  spoken  of.  The  pulmonary  artery,  carrying  venous  blood, 
divides  near  the  neck  of  the  sac  into  branches  which,  running  in  the  con- 
nective tissue  of  the  wall,  breiik  up  into  an  exceedingly  close-set  network  of 
wipillariea  immediately  undonieath  the  epithelium.  The  capillaries  are 
themselves  relatively  wide,  but  the  meshes  are  very  narrow,  being  iu  many 
cases  less  than  the  diameter  of  a  capillary.  The  epithelium  over  the  whole 
of  the  sac  consists  of  a  single  layer  of  cells,  which,  except  at  the  neck  of  the 
sac,  are  modified  into  thin  plates  in  a  somewhat  peculiar  manner.  Three  or 
more  cells  converge  together  toward  the  middle  of  each  of  the  islands  or 
meshes  of  the  capillary  network.  The  nticleua  of  each  cell  is  placed  within 
the  area  of  the  ni&<h  or  island  near  the  convergence  of  the  cell  with  its 
neighbors,  but  a  large  part  of  the  cell  stretches  over  the  capillary  surround- 
ing the  island  to  meet  a  similar  extension  of  another  cell  whose  nucleus  is 
placed  in  the  next  island.  The  jmrt  of  the  cell  in  which  the  nucleus  is 
placed,  though  ihin,  ha:^  some  little  depth,  but  the  part  of  the  cell  stretching 
over  the  capillary  is  reduced  to  the  merest  film.  Hence  each  island  or  mesh 
is  occupied  by  the  nuclei,  and  by  the  thicker  parta  of  two,  three,  or  more 
converging  cells,  while  the  capillary  [letwork  surrounding  tlte  inland  is  sepa- 
rated from  the  interior  of  the  lung  by  the  extremely  thin  ftat  expansion  of 
cells  belonging  to  that  and  to  the  neighboring  islands.  The  blood  passing 
through  the  capillary  is  i[i  ciuisciiucncx:  uepuraleil  from  the  air  in  the  lung  by 
nothing  more  than  the  capillary  wall  itself  and  a  Him,  which  has  not  even 
the  thickness  of  a  tlat  epithelium  cell,  but  is  only  a  wing-like  extension  of  a 
cell  itself  flat.  The  ciiiiillurtes  are  in  fact  iiubcdded  as  it  were  in  the  epithe 
lial  layer.  By  thi;j  means  the  partition  beLween  the  blood  and  the  air  is 
reduced  to  alnnwt  the  narrowest  possible  limits.  Near  the  neck  of  the  sac 
the  network  becomes  more  oj^en,  and  at  the  neck  the  peculiar  epithelium  just 
described  somewhat  suddenly  chiuiges  into  a  single  layer  of  rather  short  but 
otherwise  ordinary  columnar  ciliated  cells. 

The  outer  part  of  the  connective-tissue  basis,  away  from  the  epithelium, 
becoming  somewhat  looser  iu  texture  but  still  richly  provided  with  clastic 
fibres,  contains  besides  the  small  arteries  and  veins  belonging  to  the  capillary 
networks  many  small  bundles  o}  plain  muscular  fibres,  chiefly  running  iu  a 
circular  or  transverse  direction.  8niMll  bninchts  of  the  vagus  nerve  pass  to 
the  lung,  Tunning  in  company  with  the  pulm<)nary  veins;  connected  with 
these,  toward  the  u])pcr  part  of  the  lung,  are  numerous  small  groups  of 
nerve-cells.  The  nerve-fibres,  which  are  chiefly  aon-raedullated,  though 
medullated  fibres  are  also  present,  end  proi)ably  in  the  muscular  fibres  or  in 
the  bloodvessels.     Branched  pigment  cells  are  also  present. 

§  317.  The  lung  of  the  frog  repeats,  in  structure,  most  of  the  features  of 
the  newt's  lung  just  de3cril)e(J,  but  is  more  complicated.  The  cavity  of  the 
sac,  especially  in  its  upper  i)art,  is  broken  up  by  a  number  of  partitions  or 
septa  prujectiug  into  tJie  interior.  Each  septum  is  a  fold  of  the  wall  of  the 
cavity,  and  consists  of  a  middle  bastg  of  connective  tissue,  covered  on  each 
side  with  epithelium.     From  these  primary  septa  start  in  a  similar  manner 
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^^HMmuj  septa  of  a  similar  structure,  projectiug  into  the  open  chartibers  or 
^HpMom  of  the  whole  sac.  formed  by  the  primary  septa,  and  dividiug  these 
I     inti)  fftnaller  open  chambers  ;  and  many  of  thei^e  secondary  septa  bear  in  a 
similar  manner  similar  tertiary  septa,  dividing  the  secondary  chnmbers  into 
tertiary  cbamberu,  or  alveoli.     In  this  way,  e-specially  in  its  upper  part,  the 
cavity  of  the  lung  is  divided  into  a  honeycomb  of  chambers  or  alveoli,  the 
smaller  or  tertiary  alveoli  opening  into  the  secondary  chamberB,  the  second- 
ary into  the  primary,  ami  the  prinmry  into  the  general  cavity  of  the  lung, 
which  in  the  upper  part  of  the  lung  is  re^luced  to  a  central  passage  surrounded 
,     by  the  honeycomb  work  of  the  chambers.     In  passing  down  from  the  upper 
[     lo  the  lower  part  of  the  lung,  we  find  the  septa  hecome  fewer,  and  the  honey- 
[     coiub  more  open  ;  the  tertiary  septa  soon  fail,  then  the  secondary,  and  at  the 
j      verr  bottom  or  end  of  the  lung  even  the  primary  septa  are  absent. 

Kach  septum  consists  of  a  middle  basis  of  connective  tisane,  rich  in  elastic 
eiemeot?,  provided  with  close-set  networks  of  capillaries  and  co%'ered  on  each 
Ljvde  with  epithelium,  the  characters  of  the  epithelium  and  its  relation  to  the 
Iti^piilaries  being  much  the  same  as  in  the  newt.  Hence  in  each  septum  the 
bliiod  is  freely  expose*!  to  the  air  on  each  sid.^  of  the  septum  ;  and  the  arrange- 
ment of  the  honeycomb  work  of  the  alveoli  increases  largely  the  total  surface 
exposed  tu  the  air,  and  so  increases  the  expijsure  of  the  blood. 

The  plain  muscular  fibres  present  in  the  general  wall  of  the  lung  pass  to 
a  certain  extent  into  the  septa.  As  in  the  newt,  at  the  neck  of  the  sac  the 
peculiar  Hat  **  respiratory"  epithelium,  for  now  we  may  perhaps  so  call  It, 
changes  into  ciliated  epithelium  ;  traces  of  ciliated  epithelium  are  also  present 
at  the  extreme  ends  of  the  septa. 

^  318.  Each  of  the  lobes  of  which  the  mammalian  luug  is  made  up,  may 
be  seen,  at  times  somewhat  inrlistiuctly,  to  be  divisible  into  lobules,  The 
broTithia^  or  divisions  of  the  right  and  left  bronchus  respectively,  dividing 

IdioboComously,  and  running  between  the  lobules  as  interlobular  bronchia, 
mompanied  by  branches  of  the  pulm(mary  artory  and  pulmonary  veins, 
finally  plunge  into  and  eud  in  lobuks  as  "lobular"  bronchia.     Within  the 
l)huleB  the  lobular  brouchia  divide  in  a  more  or  leas  rectangular  manner 
iuiij  smaller  "  intralobular"  bronchia  or  bronchioles^  often  spoken  of  also  as 
'iliwiar  p4ts«age».     [Fig.  125. J     Each  sucb  bronchiole  ends  in  an  enlarge- 
neal  baving  more  or  less  the  ibrm  of  an  inverted  cone,  called  an  injuuflibu' 
fun.     [Fig.  126.]     Each  infundibulum  repeats  to  a  certain  extent  the  stnic- 
uirt  of  the  whole  lung  of  the  frog,  or  rather  is  intermediate  between  the 
lung  of  the  frog  and  that  of  the  newt.     The  more  or  leas  conical  chamber  of 
the  infundibulum  narrowing  into  its  bronchiole  is  divided  by  a  number  of 
•«ptft  into  secondary  chambers  of  a  somewhat  polygonal  form,  the  septa  being 
^Qt|>Ie  and  not  as  in  the  frog  bearing  secondary  and  tertiary  septa.     Each  of 
tbcee  secondary  chambers  ia  called  an  'dveoliis ;  it  has  a  base  which  is  part  of 
the  wall  of  the  infundibulum,  sides  which  are  formed  by  the  septa,  and  a 
nouth  which  opens  into  the  general  cavity  of  the  infundibulum  and  so  into 
tba  bronchiole.     Similar  hut  less  developed  septa  are  prnjeeted  into  the  more 
tobtiUr  caWty  of  the  bronchiole  itself,   dividing  it,  less  completely,  into 
iIto^H  ;  hence  the  name  alveolar  passage;  these  wholly  disappear  before  the 
bfunchiole  on  il«  way  out  from  the  lobule  becomes  a  definite  bronchium. 

Each  infundibulum  is  8urrounde<l  bv  connective  tissue  carrying  blood- 
VfMiili  and  lymphatics.  A  number  oF  infundibula  with  their  res[M?ctive 
bmichioles  are  bound  together  by  connective  tissue  carrying  larger  blood- 
*<titls  to  form  a  lobule,  the  bronchiole  joining  to  form  the  lobular  bronchia. 
Aiamber  of  lobules  are  bound  together  with  interlobular  bronchia  and  still 

tebloodTeesel8  to  form  a  lobe,  and  several  lobes  join  to  form  the  lung. 
■  lung  ia  inflated,  and  when  as  after  death  the  bloodvessels  are  for< 
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the  moat  part  eoiplied  of  blood,  the  infimdibula  with  their  alveoli  form  by 
far  the  greater  pari  of  the  btilk  of  the  huic;.  Plencea  section  taken  through 
a  hanieaed  and  prepared  inflatedlnu^seemsto  be  made  up  almost  wholly  of 
a  number  of  polygonal  or  frequently  hexagonal  spaces,  which  are  sections  of 
alveoli,  and  among  which  are  aeen  sections  in  various  plains  of  bronchia, 
small  and  large,  and  of  blo<Ml  vessels ;  here  and  there  the  section  may  disclose 
the  opcDiog  of  a  bronchiole  into  an  iufnndibulum,  and  the  division  of  one  of 
the  lobulBT  bronchia  into  a  number  of  bronchioles. 


[PlO   12A.J 


(Fin.  t:«.] 


[Fio.  125,— SvsrrM  or  Alveolar  PAmxata  a.vd  TMnmoiBDUA  vhuh  thb  ILirow  op  thb  Lpno 
iiV  X  Monkey  (CKitcopETnEciis)  injected  wmi  mfrcihy.  (Magnified  lodlani.)  a.  TerrninAl  bmn- 
chfAl  twig  :  &  tt,  infUmllbulft ;  cc,  nlTralarpansoges.] 

(Fio.  I2fi.— Two  small  Onoi  ps  op  Air-ceu.'*,  or  Inpthwbula,  u  n;  with  nlr>c«lU.  h  h,  and  the 
alveolar  pASaacea,  c  e,  with  which  the  uir-cellB  cumuiuulcatc.    From  a  newborn  child.     <AAer 

K^LLIKEIt.)  ] 


§  319.  The  infundibulum  repeats  in  structure,  a«  we  have  said,  the  lung  of 
the  newt  or  the  frog.  A  septum  or  wall  between  two  contiguous  alveoli  con- 
sists of  a  thiu  median  basis  of  connective  tissue,  crowded  with  a  close-set 
capillary  network,  and  covered  on  each  tside  with  an  epithelium.  The  con- 
nective tissue  is  richly  provided  with  fine  elastic  fibres,  but  the  ordinary 
gelatiniferous  fibrilite  are  imperfectly  develo[)ed,  the  bloodvessels  being  to  a 
large  extent  imbedded  as  it  were  in  a  homngeneons  matrix.  The  septum, 
especially  toward  it-s  summit,  is  often  ao  thin  that  the  capillary  is  ex{X)8ed  to 
the  air  on  both  aides.  The  cells  of  the  epithelium,  which  are  much  better 
shown  in  the  lung  of  a  young  animal,  and,  indeed,  is  in  the  adult  very  diffi- 
cult to  see,  are  for  the  most  part  transformed  into  small  Hat  transparent  plalee 
from  which  the  nuclei  have  disappeared  ;  their  outlines  may  be  distinctly 
shown  by  silver  nitrate  treatment,  but  otherwise  are  often  very  indistinct. 
Between  these  clear  flat  plates  there  occur  small  groups  of  eel  la  distinguished 
by  pOMessing  nuclei,  and  by  their  celh9ul>stauce  being  granular  and  staining 
with  the  ordinary  reageutii.  These  granular  cells,  which  are  thicker  ilian 
the  clear  plates,  are  placed  in  groups  in  the  meshes  of  the  capillary  networks, 
so  that  the  capillaries  themselves  are  covered  only  by  the  thin  nucleus-leas 
plates. 

The  wall  of  the  infundibulum  which  forms  the  bases  of  the  several  alveoli 
has  a  similar  structure,  and  is  lined  with  an  epithelium  of  similar  character, 
the  chief  difference  between  the  sidefl  and  the  oase  of  an  alveolus  being  that 
while  the  blood  in  the  capillaries  of  the  latter  are  exposeil  to  the  air  of  the 


STRUCTURE    OF    THE    LUNGS. 


435 


^ 


piw>1o8  on  the  one  side  only,  that  of  the  former  is  oiten  exposed  on   hoth 
■idea  of  even  the  same  capillary. 

§320.  In  deeorihiDg  the  bronchial  passages  we  had  perhaps  better  begin 
with  the  trachea. 

The  trachea  consists  of  a  ciliated  mucous  membrane,  re&ttug  on  a  coat 
of  connective  tiasue,  atrenglhencd  with  hoops  or  imperfect  rings  of  cartilage 
ftDd  provided  with  a  certain  amount  of  plain  muscular  tisane.  A  vertical 
•w?tii»n  of  the  mucous  meuibranc  shows  an  epithelium  consisting  of  three  or 
more  layers  of  cells,  thoAe'in  the  uppermost  layer  being  columnar  ciliated 
cella  (^  U.'$),and  those  in  the  lower  layer?  small  ruunded  cells,  the  cell  sub- 
stance being  scanty  in  proportion  to  the  nucleus  ;  it  is  supposed  that  some 
6f  tbeae  small  cells  may  at  limes  develop  into  ciliated  cells  in  order  to 
replace  loes.  Among  ciliated  cells  are  seen  a  certain  number  of  goblet  cells 
(S  262).  Beneath  ihe  epithelium  runs  a  fairly  distinct  basement  membrane. 
anU  below  this  in  turn  is  seen  some  Hne  reticular  tissue,  like  that  in  the 
small  intestine  (5  260),  containing  in  its  meshes  a  certain  number  of 
leucocytes.  Mixed  up  with  the  reticular  tissue,  which  in  different  animals 
varies  much  in  the  amount  present,  are  seen  a  certain  but  variable  number 
of  fine  elastic  fibres.  These  structures  constitute  together  the  mucous  mem- 
brane, below  which  is  a  somewhat  conspicuous  layer  of  elastic  fibres, 
arranged  more  or  less  in  a  network,  hut  running  distinctly  longitudinally 
and  fiirming  a  longitudinal  elastic  layer  separating  the  mucous  tneiubraue 
above  from  the  loose  submucous  connective  tissue  below.  In  this  submucous 
tissue  are  placed  a  number  of  small  mucous  or  albuminous  glands,  like 
thnee  of  the  oesophagus,  the  ducts  of  which  passing  through  the  elastic  laver, 
reticular  tiasue  and  epithelium,  open  into  the  canal  of  the  trachea.  The 
outer  part  of  this  submucous  tissue  forms  a  somewhat  denser  coat  of  connec- 
tive tisBue,  in  which  are  lodged  hoojys  of  hyaline  cartilage,  that  is  to  say, 
Hon  which  are  imperfect  behind.  Stretching  transversely  between  the 
sada  of  each  hoop  of  cartilage  are  several  bundles  of  plain  muscular  libres, 
ooopleting  the  ring  as  it  were  by  a  muscular  band  ;  a  few  longitudinally 
dwpoaed  muscular  bundles  may  also  be  seen  outside  the  transven^  bundles. 
These  two  sets  of  muscular  fibres  may  be  taken  ns  being  the  remains  of  the 
original  complete  double  muscular  coat  of  the  alimentary  canal,  almost 
Milerated  by  the  introtluction  of  the  cartilaginous  hoops. 

The  main  pur|>ose  served  by  these  several  structures  is  to  provide  a  wide 
flexible  elastic  tube,  the  bore  of  which  remains  large  and  open  and  the 
lining  smooth  during  the  bending  of  the  tube.     The  mucous  nuid  secreted 
["by  the  goblet  cells  and  small  glands  helps  to  arrest  solid  particles  carried  in 
by  the  inspired  air,  while  the  cilia  are  continually  driving  that  mucus,  with 
the  particles  entangled  in  it,  upward  tf>  the  larynx  and  so  into  the  mouth. 
Tbe  elastic  layer  adapts  the   mucous   membrane  to  the  variations  in  the 
length  of  the  tube  during  its  bending,  and  so  keeps  it  smooth.     The  trans- 
verse muscles  by  contracting  can  somewhat  narrow  the  bore,  when  required  ; 
but  their  effect  in  this  direction  can  be  slight  only. 

^SSl.  In  passing  from  the  trachea  to  the  bronchi  and  larger  broncbia 
[Fig.  127],  the  chief  changes  to  be  observed  are  that  the  cartilages  are  no 
loBger  in  the  form  of  regular  hoops,  but  are  plates  placed  irregularly,  be- 
w&ing  smaller  and  more  irregular  in  disposition  tbe  smaller  the  tube,  and 
that  the  tninsverse  muscular  fibres  become  more  and  more  prominent, 
fonoiog  a  distinct  circular  coat  of  some  thickness.  The  cartilages,  sup- 
ftfftcd  by  a  fibrous  coat  of  connective  tissue,  lie  entirely  outside  the  mus- 
onlftr  ooat,  and  the  small  glands  have  their  ducts  lengthened  so  that  the 
hfidies  of  the  glands  instead  of  lying  in  the  submucous  tissue,  lie  outside  the 
nioacular  layer  which  is  pierced  by  their  ducts.     The  tube  becomes  now 
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distinctly  a  muecular  tube,  though  the  patency  of  its  bore  and  a  certain 
amount  of  rigidity  combined  with  flexibility  is  still  secured  by  the  scat- 
tered plates  aud  flakes  of  cartilage.  After  death,  owing  to  the  cuutraction 
of  the  circular  muscular  fibres,  the  mucous  membrnne,  like  the  internal 
coat  of  an  artery  in  the  same  circumstances,  is  thrown  into  longitudinal 
iblds. 


[Fm.  T.' 


Pabt  or  A  TKAVjrvxHifE  SEcnoN  or  a  Bronchial  Tvbx  wbom  the  Pio.    Hasniflod  340  dUm. 

a.  external  fibraun  layer;  b,  muscular  Inyer;  c.  iiilernal  fibrous  layer;  d,  rplthelUI 

layer;  /,  one  of  thu  sutroundinn  alveoli.) 

In  the  smaller  bronchia  the  cartilages  disappear  altogether,  and  the  tube 
then  consists  of  an  onter  coat  of  connective  tissue  with  abundant  elastic 
fil>re8  and  a  considerable  number  of  circularly  disposed  muscular  dbres,  and 
an  inner  coat  of  mucous  membrane  with  its  own  clastic  layer;  the  supply  of 
small  glands  still  continues. 

As  one  of  these  brmchia  plunging  into  a  lobule  divides  into  bronchioles, 
the  columnar  cells  of  the  mucous  membrane  lose  their  cilia,  become  shorter 
BO  as  to  be  cubical,  and  are  disposed  iu  a  single  layer  or  at  most  in  two 
layers  only.  At  the  same  time  the  muscular  fibres  become  more  scanty, 
and  are  disposed  not  as  a  continuous  coat  but  in  scattered  rings,  the  connec- 
tive-tissue coat  becomes  thiuuer^  and  the  glauik  disappear. 

Jn  the  bronchioles  themselves  as  they  prepare  to  open  into  infundibula, 
the  epithelium  cells  become  Hat  though  still  retaining  granular  cell-bodies. 
Among  these,  however,  may  mm  be  seen  patches  in  which  the  cells  are  flat 
transparent  plates^  many  of  which  do  not  possess  a  nucleus;  and  toward  the 
infundibulum  these  [latches  increase  iu  number  until  the  epithelium  assumes 
the  character  which  we  previously  described  as  characteristic  of  the  alveoli. 
The  muscular  libres  disappear  or  spread  out  longitudinally,  aud  the  pre- 
viously compact  layer  of  elastic  fibres  now  becomes  scattered  and  spread  nut 
over  the  alveoli  of  the  infundibulum  and  bronchiole.  In  this  way  the 
structure  of  the  brouchiote  gradually  merges  iuto  that  of  an  alveolus. 

§322.  In  an  infundibulum  aint  in  each  of  its  constituent  alveoli  what  we 
may  consider  as  the  original  wall  of  a  pulmonary  parage,  namely,  a 
mucous  membrane  separated  by  submucous  connective  tissue  from  a  mus- 
cular coat,  is  reduced  to  a  thiu  sheet  of  connective  tissue  in  which  bundles 
of  fibrillar  are  scanty  or  even  absent,  atid  which  is  rather  to  be  considered  as 
a  membrane  of  homogeneous  nature  containing  imbe<lded  in  itself  a  large 
number  uf  elastic  fibres  and  fibrils  with  a  few  connective-tissue  corpuscles. 
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kwork  of  capillaries  bo  close  set  that  the  membrane  seems  to  be 
elastic  raaterial  filling  up  the  meshes  of  the  network.  On  the  out- 
nde,  tbis  capillary  niembraue,  it  we  may  so  call  it,  h  continuous  with  the 
looaer  ordinary  connective  tissue,  still,  however,  containing  abundant  clastic 
elementa,  which  carries  the  small  arteries  and  veins  going  to  and  coming 
from  the  capillary  network,  and  which  unites  the  iufundibuta  nnd  bron- 
chioles into  lobules.  Ou  the  inside  lies  the  attenuated  epithelium,  all  the 
celU  of  which  are  flat  and  some  of  which  are  mere  nucleus-less  plates.  The 
muscular  fibres  have  either  wholly  disappeared  or,  according  to  some 
observers,  persist  as  a  few  straggling  fibres  spreading  over  the  infuudibulum. 
The  terminal  portion  of  the  pulmimnry  passage  is  a  sac,  whose  walla  are 
reduced  to  almost  the  greatest  possible  thinness  consistent  with  their  retain- 
iuj;  very  great  elastic  jwwer. 

The  bronchial  passages  of  medium  size  are  essentially  elastic  muscular 
tabes,  capable  like  the  arteries  of  varying  their  calibre,  but  unless  their 
znufloular  fibres  are  thrown  into  unusually  powerful  contractions,  remaining 
Always  fairly  open  ;  the  smaller  ones,  however,  those  which  are  devoid  of 
caitiiage,  may  perhaps  close  by  collapse.  These  passages  are  lined  by 
maooDB  membrane,  the  cells  of  which  are  well  formed  and  active,  some 
neretioe  mucus,  and  others  by  their  cilia  driving  that  mucus  onward  toward 
Ufee  trachea.  The  air  which  passes  into  the  longs  is  frequently  laden  wiih 
impurities ;  these  are  entangte<]  in  the  mucus  of  the  passages,  especially  the 
Soulier  oDes,  and  so  are  either  carried  upward  in  the  mucus,  or  as  we  shall 
see  otherwise  disposed  of. 

The  larger  passages  are  open  flexible  tubes  becoming  more  rigidly  open, 
and  less  susceptible  to  change  in  calibre  by  muscular  contraction  the  larger 
they  are. 

§  323.  The  lungs  are  well  provided  with  lymphatics.  The  reticular  tissue 
underlying  the  epithelium  of  the  mucous  membrane  is  here  and  there  devel- 
oped into  masses  of  true  adenoid  tissue  crowded  with  leucocytes,  that  is  to 
say,  into  more  or  less  completely  differentiated  lymphatic  follicles,  and 
similar  follicles  are  met  with  in  deeper  parts.  Amung  the  fiat  polygonal 
epithelioid  plates  which  form  the  surface  of  the  pleural  membrane  investing 
the  lung  are  numerous  stomata  (§  291)  ;  and  during  the  rhythmic  move- 
roeots  of  the  lungs  in  breathing  the  lymph  or  serous  fluid  of  the  pleural 
cavity  is  continually  being  pumped  into  the  lymphatic  vessels  of  the  lunge. 
TImm  lymphatic  vessels,  arising  from  lymph-spaces  in  all  parts  of  the  lungs, 
indading  the  connective  tissue  around  the  alveoli,  and  running  in  the  con- 
sectiye  tissue  binding  together  infundibula,  bronchial  tubes  and  bUmdvessels 
ioto  lobules,  and  the  lobules  into  lobes,  find  their  way  at  last,  after  travers- 
ing several  lymphatic  (bronchial)  glands  to  the  roots  of  the  lungs,  whence 
ibey  pass  from  the  lefl  lung  to  the  thoracic  duct,  and  from  the  right  lung  to 
the  right  lymphatic  trunk. 

The  impurities  in  the  inspired  air  spoken  of  above  as  arrested  in  the 
mucus  lining  the  bronchial  passages,  ofieu  make  their  way  through  the  epi- 
thelium into  the  lymphatics  below,  and.  carried  away  in  the  lymph  stream, 
»re  oflen  retaine<i  in  the  bronchial  lymphatic  glands.  At  times  these  glands 
beeoaie  in  this  way  loaded  with  particles  of  carbon. 

The  bloodvessels  of  the  lunga  do  not  call  for  any  special  comment  save 
|:>erhap8  that  the  pulmonary  veins  are  destitute  of  valves;  and  that  special 
Arteries,  the  bronchial  arteries,  starting  from  the  aorta,  are  distributed  to 
the  walls  of  the  bronchial  passages,  to  the  bloodvessels,  to  the  lymphatic 
glmnds  and  to  the  sub-pleural  tissue,  the  blood  returning  from  them  along 
the  bronchial  veins  into  the  right  vena  azygos  on  the  right  side,  and  into  the 
superior  intercostal  vein  on  the  left  side. 
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^  S24.  The  nerves  to  the  luugs  come  chieBy  f^m  the  vagus.  As,  on  eacl 
side,  tile  vagus  nerve  winds  round  the  root  of  tne  lung,  it  gives  off  in  front 
branches  to  form  the  anterior  pulmonary  plexus,  and  then,  behind,  stouter 
braccbea  to  form  the  posterior  pulmonary  plexus.  Both  these,  but  espe- 
cially the  latt*r,  are  joined  by  filaments  from  the  sympathetic  system,  more 
especially  from  the  second,  third,  and  fourth  thoracic  ganglia  ;  and  it  is 
maiutaiiied  by  some  that  fibres  pass  direct  from  the  spiiial  (intercostal) 
nerves  into  these  pulmonary  p!esu8eH.  The  upper  part  of  the  trachea  is 
supplied  by  twigs  from  the  recurrent  laryngeal  nerve  on  each  side,  and  the 
lower  part  by  twigs  (tracheal  branches),  coming  direct  from  the  vagus 
trunks. 

Some  of  the  nerve-fibres  thus  reaching  the  lung  along  the  vagus  nerve 
are  efferent  fibres  for  the  muBcular  fibren  <if  the  bronchial  passages  and  tra- 
chea. But,  as  we  shall  see,  the  chiei'  and  most  important  fibres  are  afferent 
fibres  concerned  in  the  regulation  of  respiration.  The  functions  of  the 
fibres  coming  from  the  sympathetic  system  have  not  yet  been  cleArly  ascer- 
tained;  but  there  is  evidence  that  some  of  the  fibres  coming  from  the 
thoracic  ganglia  are  vasomotor  (constrictor)  fibres  for  the  pulmonary 
ve^isels. 

The  Mechanics  of  Pulmonary  Respiration.  ^B 

§  326.  The  lungs  are  placed,  in  a  state  which  is  always  one  of  distention, 
sometimes  greater,  sometimes  less,  in  the  air-tight  thorax,  the  cavity  of 
which  they,  together  with  the  heart,  great  bloodvessels,  and  other  organs, 
completely  fill-  By  the  contraction  of  certain  muscles  the  cavity  of  the 
thorax  is  enlarged.  The  lun^  must  follow  this  eulargement  and  be  them- 
selves enlarged,  otherwise  the  pleural  cavities  would  be  enlarged  ;  but  this  is 
impossible  so  loug  as  the  walls  are  intact.  The  enlargement  of  the  lung 
consists  chiefly  in  an  enlargement  or  expansion  of  the  pulmonary  aveoli,  the 
air  in  which  becomes  by  the  expansion  rarefied.  That  is  to  say,  the  pressure 
of  the  air  within  the  lungs  becomes  leas  than  that  of  the  air  outside  the  body, 
and  this  difference  of  pressure  causes  a  rush  of  air  through  the  trachea  into 
the  lungs  until  an  equilibrium  uf  pressure  is  established  between  the  air 
inside  the  lungR  and  that  outside.  This  cnnstitutes  inspiration.  On  relaxa- 
tion of  the  inspiratory  muscles  (the  muscles  whose  contractions  have  brought 
about  the  thoracic  expansion),  the  elasticity  of  the  lungs  and  chest-walls, 
aided  perhaps  to  some  extent  by  the  contraction  of  certain  muscles,  causes 
the  chest  to  return  to  its  original  size ;  in  consequence  of  this  the  pressure 
within  the  lungs  becomes  greater  than  that  outside,  and  thus  air  rushes  out 
of  the  trachea  until  equilibrium  is  once  more  established.  This  constitutes 
expiration  ;  the  inspiratory  and  exftiratory  act  together  forming  a  respira- 
tion. The  fresh  air  introduced  into  the  uj)per  part  of  the  pulmonary  pas- 
sages by  the  inspiratory  movciueut  contains  more  oxygen  and  less  carbonic 
acid  than  the  old  air  previously  present  in  the  lungs.  By  diffusion  the  new 
or  tidal  air,  as  it  is  frequently  called,  gives  up  its  oxygen  to,  and  takes  cnr- 
bonic  acid  from,  the  old  or  daiiotmnj  a\r,  a»  it  has  been  called,  and  thus 
when  it  leaves  the  chest  in  expiration  has  been  the  means  of  both  iutn.>- 
ducing  oxygen  into  the  chest  and  of  removing  carbonic  acid  from  it.  In 
this  way,  by  the  ebb  and  flow  of  the  tidal  air,  and  by  diffusion  between  it 
and  the  stationary  air,  the  whole  air  in  the  lungs  is  being  constantly 
renewed  through  the  alternate  expansion  and  contractions  of  the  chest. 

§326.  In  ordinary  respiration  the  expansion  of  the  chest  never  reaches 
its  maximum;  by  more  forcible  muscular  contraction,  by  what  is  called 
labored  inspiration,  an  additional  thoracic  expansion  can  be  brought  about. 
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tetuliog  to  ao  inruah  of  a  certaio  additiooal  fjuautity  of  air  before  equili- 
brium is  established.  This  additional  fjiiantity  is  often  spoken  of  as  fom- 
pletnental  air.  Id  the  same  way  in  ordinary  respiration  the  contraction  of 
the  chest  never  reaches  its  luaximuiu.  By  culliu^  into  use  additional  muscles 
bra  labored  expiration  an  additional  quantity  of  air,  the  so-called  reserve  or 
tupplftnental  HIT  may  be  driven  out.  But  even  after  the  most  forcible  expir- 
ation. 1  considerable  quantity  nf  air,  the  remhial  air,  still  remains  in  the 
iangf.  The  natural  condition  of  the  lungs  in  thie  chest  is  in  fact  one  of  partial 
(li^tsDtiou.  The  elastic  pulmonary  tissue  is  always  to  a  certain  extent  on 
thesiretch  ;  it  is  always,  so  to  speaK,  striving  to  pull  asunder  the  pulmonary 
tw  the  parietal  pleura  ;  but  tnis  it  cannot  do,  because  the  air  can  have  no 
toon  to  the  pleural  cavity.  When,  however,  the  chest  ceases  to  be  air- 
tight, when  by  a  puncture  of  the  chest-wall  or  diaphragm  air  is  freely 
iotrodooed  into  the  pleural  chamber,  the  tilasticity  of  the  lungs  pulls  the 
pulmonary  away  from  the  parietal  pleura  aud  the  lungs  collapse,  driving 
oQt  by  the  windpipe  a  considerable  quantity  of  the  residual  air.  p]veu  then, 
however,  the  lunga  are  not  completely  emptied,  some  air  still  remaining  in 
llMffl;  this  is  nrobably  air  imprisoned  in  the  infundibula  by  collapse  of  the 
broochioles,  wnich,  us  we  have  seen,  have  flaccid  and  not  rigid  walls.  If  iu 
a  living  animal  the  pressure  of  the  atmosphere  continue  to  have  access  to 
the  outside  of  a  lung,  the  air  thus  imprisoned  is  gradually  absorbed  and  the 
lunp  becomes  solid.  The  same  result  may  occur  from  the  pressure  of  fluid 
Mcumulated  in  the  pleural  cavity. 

h  Deed  hardly  be  added  that  when  the  pleura  is  punctured  and  air  can 
giiajTc*  admittance  from  the  exterior  in  the  pleural  chamber,  since  the 
nttitanoe  to  the  entrance  of  the  air  \nU}  the  pleural  chamber  is  far  less  than 
tkc  resistance  to  the  entrance  int(»  the  lungs,  the  etfect  of  the  reapiratory 
iDovemeDta  is  simply  to  drive  air  in  and  out  of  that  chamber,  instead  of  in 
Md  out  of  the  lung.  There  is  in  consequence  no  renewal  of  the  air  within 
the  lungs  under  those  circumstances.  If  there  be  a  sufficient  obstacle  to  the 
entrance  of  air  into  the  pleural  chamber,  such  as  a  fold  of  lisHue  blocking 
up  the  openings  the  expansion  of  the  chest  may  still  lead  to  a  distention  of 
to«  lungs,  and  in  this  way  in  some  cases  puncture  of  the  chest-walls  has  not 
•tnoualy  interfered  with  respiration.  The  parietal  and  pulmonary  pleura 
M«,  in  normal  circumstances,  separated  by  a  very  thin  layer  only  of  fluid, 
■otbtt  we  may,  perhaps,  sjieak  of  them  as  being  in  a  state  of  "adhesion," 
<Qch  u  obtains  between  two  wet  membranes  au[)erimpoaefl.  And  it  has  been 
*^Sg<ttIe(l  that  this  adhesion,  having  to  be  overcome  before  the  two  surfaces 
cu  separate,  assists  in  preventing  the  enl/ance  of  air  into  the  pleural  cavity 
iftcr  puncture  of  the  thorax  ;  but  it  has  not  been  clearly  shown  that  this  is 
'^•llv  of  importance  in  the  matter. 

^327.  Before  birth  the  hiugs  contain  no  air;  they  are  in  the  condition 
**Ileil  aUteciatir,  The  walls  of  the  alveoli,  the  epithelial  lining  of  which  is 
*'  that  lime  well  develoi)ed,  consisting  of  distmctly  nucleated  cells  with 
grwiiiar  cell -substance,  are  in  contact,  the  cavity  of  the  alveolus  not  having 
**  Vet  come  into  existence;  the  walls  of  the  bronchioles  are  similarly  in  a 
collapsed  condition,  with  their  walls  touching;  the  more  rigid  bronchia,  like 
^trachea,  possess  some  amount  of  lumen  which,  however,  is  occupied  by 
fluid.  When  the  chest  expands  with  the  first  breath  taken,  the  prewurc  of 
w**  inipired  air  has  to  overcome  the  "  adhesion  "  obtaining  between  the  walls 
of  tlnj  alveoli  thus  in  contact  with  each  other  and  also  those  of  the  bronchioles. 
The  force  spent  in  thus  opening  out  and  unfolding,  so  to  speak,  the  alveoli 
^fl  bronchioles  is  considerable,  and  in  the  expiration  succeeding  the  first 
tDipiration  most  of  the  air  thus  introduced  remains,  the  force  exerted  by  the 
cbest  in  returning  to  its  previous  dimensions  after  the  breathing  in,  and  the 
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elastic  action  of  tbe  alveoli  being  iuaufficient  lo  bring  the  walls  of  the  alveoli 
again  into  coutact.  Succeediug  breaths  UDfuld  the  lung^  more  uud  more, 
until  all  the  alveoli  and  bronchioles  are  opened  up,  and  then  tbe  whole  force 
of  the  expiratory  act  in  directed  to  driving  out  the  previously  inspired  air. 

Il  is  not,  however,  until  some  time  after  birth  that  the  lungs  pass  into  that 
further  dielendeil  state  of  which  we  spoke  above.  In  a  newly-born  animal 
there  is  no  negative  pressure  obtaining  in  the  pleural  cavities;  the  lungs 
when  at  rest  are  not  on  the  stretch,  and  (opening  the  thorax  does  not  lead  to 
collapse  of  tlie  luuga.  The  state  of  thiugs  obtaining  later  on  is  established, 
not  at  once,  but  gradually,  and  id  apparently  brought  about  by  the  thorax 
growing  more  rapidly,  and  so  becoming  relatively  more  capacious  than  the 
lungs.  The  distention  of  the  lungs  in  the  adult  may  be  familiarly  described 
as  being  due  to  the  chest  being  too  large  for  the  lungs. 

§  328.  In  man  the  pressure  exerted  by  the  elasticity  of  tbe  lungs  alone 
amounts  to  about  a  or  7  mm.  of  mercury.  This  is  estimated  by  tyiug  a 
manometer  into  the  windpipe  of  a  dead  subject  and  observing  the  rise  of 
mercury  which  takes  place  when  the  chest-walla  are  punctured.  If  we  took 
7.6  mm.  as  the  pressure  this  would  be  just  ^Jj  of  the  pressure  of  the  atmos- 
phere. If  the  chest  be  forcibly  diijteuded  beforehand*  a  much  larger  rise  of 
the  mercury  is  observed,  amounting  in  the  case  of  a  diatentiou  corresponding 
to  a  very  forcible  inspiration  to  30  mm.  In  the  living  body  this  mechanical 
elastic  force  of  the  lungs  may  be  assisted  by  the  contraction  of  the  plain 
muscular  fibres  of  tbe  bronchi ;  the  pressure,  however,  which  can  be  exertetl 
by  these  probably  does  not  exceed  1  or  2  mm. 

When  a  manometer  is  introduced  into  a  lateral  opening  of  the  windpipe  of 
an  animal,  the  mercury  will  fall,  indicating  a  negative  pressure,  as  it  is  called, 
during  inspiration,  and  rise,  indicatiag  a  ptwitive  pressure,  during  expiration, 
both  fall  and  rise  being  sligbt  and  varying  acconling  to  the  freedom  with 
which  the  air  passes  iu  and  out  of  the  chest.  When  a  manometer  La 
fitted  with  air-tight  closure  into  the  mouth,  or  better,  in  order  to  avoid  the 
suctiou-acttoa  of  the  mouth,  into  one  noatril,  the  other  i^ostril  and  the  mouth 
being  closed,  and  efforts  of  inspiration  and  expiration  are  made,  the  mercury 
falls  or  undergoes  negative  pressure  with  inspiratioD,  and  rises  or  undergoes 
positive  pressure  during  expiration.  It  has  been  found  in  this  way  that 
the  negative  pressure  of  a  strong  inspiratory  effort  may  vary  from  30  to 
74  mm.,  and  the  positive  pressure  of  a  strong  expiration  from  62  to 
100  mm. 

The  total  amount  of  air  which  can  be  given  out  by  the  most  forcible 
expiration  following  ui>on  a  most  forcible  inspiration,  that  is,  the  sum  of  the 
complemental,  tidal,  and  reserve  airs,  has  been  called  the  '*  vital  capacity ;" 
"extreme  diflerential  capacity  "  ia  a  better  phrase.  It  may  be  measured  by 
a  modification  of  a  gas-meter  called  a  »}nrometer ;  and  though  it  varies 
largely,  the  average  may  be  put  down  at  3000-4000  c.c.  (200  to  250  cubic 
inches). 

Of  the  whole  measure  of  vital  capacity,  about  500  c.c.  (30  cubic  inches') 
may  be  put  down  as  the  average  amount  of  tidal  air,  (he  remainder  being 
nearly  equally  divided  between  the  complemental  and  reserve  airs.  The 
quantity  lefl  in  the  lungs  atler  the  deepest  expiration  amounts  to  about 
1400  or  2000  c.c. 

Since  the  rcapimtorj'  movements  are  so  easily  affected  by  vflriotis  ciroiimstancea, 
the  Himple  fact  of  attention  bein;?  directed  to  ihc  breathing  being  sufficient  to 
cause  modificatiuiii:  both  of  the  mte  and  depth  of  (he  respiration,  it  becomes  very 
difficult  to  Kx  the  volume  uf  an  average  bteath.  Thus  various  authorn  have  given 
figures  varj'ing  froui  r>:{  as.  to  792  o.c.  The  statement  made  above  is  tbe  mean  of 
observations  varying  from  177  to  099  c.c. 
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S  329.  Qrnpfiie  records  of  respiratory  movements.     Theae  maybe  obtained 
in  uiiDV  various  ways. 

I  Ute fliiu plust ,  readluHt.  and  purliap.s  tho  most  ^'(-'ncr.illy  Uf^eful  luffthuii  is  tliut  uf 
[ftoOfilinK  iho  moveuioiits  uf  th«  vi>liimn  uf  air.  This  may  be  effected  by  intro- 
Jucint;  a  Tpie^e  into  the  trac'h*;ii,  oue  cross-piece  being  left  open  and  tbe  other 
OQaoectcd  with  a  Mflre\'*s  taa»l>our  or  with  a  receiver,  which  in  turn  is  connected 
if6tk  a  iKBibour  (see  Fig.  73  and  Fij;.  \'2S).  'I'hc  movements  of  the  cohimn  of  nir 
V  At  Inohea  aro  transmitted  t.i>  the  tambonr.  the  conNe<inent  expamtions  and 
CQBliACtions  of  which  are  traninnittod  to  iho  rccordiog  drum  by  means  of  a  lever 
immg  nn  it. 

If,  t  receiver  beiap  used,  the  open  end  of  the  H  be  closed,  the  animal  breathes 
intu  and  out  of  the  receiver,  and  the  movements  of  the  tambour  are  ^really  in- 
MMid.  This  hiks  the  di.sadvantacc  that  the  air  in  the  receiver  soon  becomes 
hI|(  for  further  respiration.  A  similar  increase  of  the  movemenrs  of  the  lever 
flfue  tambonr  may  be  obtained  by  connecting  a  piece  of  rndia-riibbcr  tubing  to 
tlwopen  end  of  the  H.  Hy  increasing  the  length  of  this  tube,  or  slightly  con- 
Btnctinic  it.  the  movements  of  the  lover  maybe  increased  without  ver>' seriously 
iiitorfcring  with  the  hreathifijL'  of  the  animal. 

,  In  another  methtxl  the  movements  of  the  chest  are  recorded.  When  a  small 
ijliMl  such  as  a  rabbit,  is  used,  the  whole  animal  may  be  placed  in  an  airti^'ht 
^(Inbreathing  being  carrieil  on  by  means  of  a  tube  inserted  into  the tr.kehea  and 
Qirried  through  an  airtight  orifice  in  the  wall  of  the  bo\.  By  another  orifice 
iml  tube  the  air  in  the  box  \s  brought  into  connection  with  a  tamlwur,  which 
weoHiDKly  registers  the  changes  of  pressure  in  the  air  of  the  bux  produced  by 
tbfl  ttiuremcnts  of  the  chest  (and  body),  and  thus  indirectly  the  movements  of 
thefhe*t  In  man  and  larger  animals  ihe  changes  in  the  girth  of  the  client  may 
be  convt^niently  reconled  by  mean?  of  Marey's  pneumfigraph.  Thia  cnnsisi.s  of  a 
bdlov  elastic  cylinder,  or  a  i-vlinder  with  elastic  ends,  the  interior  of  which  \n 
oottiieeted  with  a  tambour.  By  means  of  a  strap  attached  to  each  end  of  the 
<7li(id<:r  the  instrument  can  be  buckled  round  the  chest  like  a  girdle.  When  the 
cW  expand;^,  the  endn  of  the  cylinder  are  pulled  out,  and  the  air  within  the 
ehtinbtfr  rarefied;  in  Ol)n!^^(|ueuce  the  lever  of  the  taiubt>ur  c<»unected  with  its 
(■•■ior  is  depressed  ;  conversely,  when  the  chest  eontracO.  the  lever  is  elevated. 
Ml  pncumat'igrnph  of  Fiok  is  somewhat  .similar.  Or  changes  in  one  or  other 
dimeter  of  the  chest  may  be  recorded  by  whiit  may  be  called  the  "calipers" 
■Mind,  as  in  the  rccoriling  stcthometer  of  Bur<loD'8undcrHon.  Thifl  oonsi.Hts  of 
*  reataagiilar  framework  constructed  of  two  rigid  parallel  bars  joined  at  ri(:hL 
*t*l«  to  a  cross-piece.  The  free  ends  of  the  bars,  the  distance  between  which 
'■fl  be  regulated  at  plejisure,  are  armed,  the  one  with  a  tambour,  the  other  simply 
*ith  aa  ivor>*  button.  The  tambour  bearn  on  the  metal  idiite  of  its  membrane 
'w'.  Fig.  73)  a  small  ivory  button  in  place  of  the  lever.  When  it  i.s  desired  to 
'wyrd  the  changes  occurring  in  any  oinmeter  of  the  chest,  c.  //.,  an  antero-pos- 
tcrior  diameter  from  a  point  in  the  Hternum  to  u  point  in  the  buck,  the  instrument 

■  iMde  III  encircle  the  che.st  somewhat  after  the  TH.^^hion  of  a  pair  of  calipers,  the 
t^'Wy  button  at  one  free  end  being  placed  on  the  spine  of  a  vertebra  behind  and 
|b(  tambour  at  the  other  on  the  sternum  in  front  in  the  line  of  the  diameter  which 

■  btii^  stodicd.  The  distance  between  the  free  ends  of  the  instrument  being 
WfiJ^ adjusted  so  that  the  button  of  the  tamUmr  presses  lightly  on  the  sternum. 
*Vnnition8  in  the  length  of  the  diameter  in  fjuestion  will,  since  the  framework 
^^tlie  tambour  is  immobile,  give  rise  to  variations  of  prereure  within  the  tam- 
W.  These  variations  of  the  "receiving"  tambour,  as  it  is  called,  are  conveyed 
vy*  flexible  tube  containing  air  to  a  second  or  "recording"  tambour,  the  lever 
«f  which  records  the  variations  on  a  travelling  surface.  For  the  purpose  of  meas- 
*rt(uf  the  extent  of  the  movements  the  instrument  must  bo  experimentally  grad- 
*Me3.    Other  fonns  of  calipers  maj,  of  course,  be  used. 

Bjrutill  another  meihod  the  variations  in  intrathoracic  pressure,  by  means  of 
yliicb  the  movements  of  the  chest  walls   produce   the   movement  of  air  in   the 
may  be  recorded.    Thi.s  may  be  effected   by  introducing  carefully,  to  the 
[ttclusion  of  air.  into  a  pleural  cavity  or  intu  the  pericardial  cavity,  a  canula 
by  a  rigid  tube  with  a  manometer.     With  each  inspiration  a  negative 
',  or  rather  an  increa-'^e  of  the  exi.stiuj^  negative  prensure,  \a  pnxiuced,  the 
*,  or  6uid,  in  the  manometer  returumg  at  each  ej^piration.     An  easier 
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Fig.  128. 


ArpAKATUS  von  takimd  Traoimus  or  thr  Movsmbittb  or  thk  Column  op  air  xtt 

BasPiRATioif. 
The  reconllug  Bpparatus  sbown  la  the  onllDRry  cylinder  rooordhiff  nppentas.    The  c^Uik 
■VjiveTtA  wllb  Rmnkod  t*op^^  ^  by  meanx  of  the  frfetlon-ptjito  D  put  into  revolution  by  the  sprlni 
clock-work  in  C,  regiilsted  by  FoucjuiH'b  rvgnlmtir  I>.    Hy  niean»  of  the  screw  E,  i  ho  cylinder  cui  U 
ndted  or  lowered,  and  by  mcAus  or  the  urcw  K  Its  speed  may  bo  inereoKCd  or  dlnitnlishtKl. 

The  tracheotomy  tube  t  lUed  iu  the  trachea  of  an  aDlmai  Is  connected  by  ludla-nibbcr  tubing  t 
with  a  glAM  T'piece  Iniiertet]  Into  the  large  Jar  0.    Prom  the  other  end  of  the  T-plecc  pruceeda  i 
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llhd of  nwording  thi?  intra-thoracic  pressure  is  to  introduce  into  the  oesophagus 
Mmllikftt^fd  (similar  lo  the  ciinliae  houtiil,  Fij<.  7:^)  connected  with  a  tambour. 
xl6M0pfla|;ttt  within  the  thorax,  like  the  heurt  and  great  reKsels,  as  we  shull  B4>e. 
i^affeeted  aawell  as  the  lun^s  by  the  variatiutia  of  intrathoracic  pressure  brought 
ibnntbf  the  resj>iratorv  movements. 

Id  yet  another  njcthod  the  movements  of  the  diiiphragm  which,  a^  wo  shall 
Me,  lerve  as  the  prime  agent  in  hrini^ing  about  the  t^nlnr^ement  of  the  thoracio 
ctritj' are  recorded.  Thi.s  maybe  done  by  in»erttt)if.  (liruu|;h  an  incision  in  the 
ftbdominai  wall,  a  flat  clajstie  bag  between  the  diaphragiu  und  abdominal  organs. 
U'hrn  in  inspiration  the  dia]>hraffm  descends,  it  exeriH  on  the  bap  a  presBuie 
iriiich,  hy  means  of  a  tube,  may  be  eonimunieated  to  a  tambour.  Or  u  needle 
be  (hmst  through  the  chest-wall  so  as  to  rest  upon  or  iran.'tfix  the  diaphragm, 
ihc  head  of  the  needle  outt-ide  the  body  connected  by  a  thread  or  otherwise 
tiifc  a  lever  ;  each  upward  »nd  downward  uinvement  of  the  head  of  (he  needle. 
i3[)ntS{>onding  to  the  downward  iind  ujiward  movements  of  (he  diujdiragm,  is 
Kfftatered  by  the  lever. 

Varioua  nKwliflcaiions  of  these  several  methods  have  been  adopted  by  various 
oWrvers-  They  all.  however,  leave  much  lo  be  desired.  A  very  ingenious 
method  nf  rccislcrine  the  contractions  of  the  dtnpliragni  has  recently  been  in- 
Irodooed-  In  the  rabbit  two  uliiw  of  uiu>K;uhir  fibres  Ibrmitig  part  of  the  dia))hragm. 
uw  on  each  Hide  of  the  ensiform  cartibige,  are  »o  dinpuHcd  and  jiossesH  such 
kiuohmentj^  that  one  or  both  of  them  may  be  isolated  without  injury  to  either 
owTM  or  bloodvessels,  and  arranged  so  that  while  one  end  of  the  slip  is  .«ccurely 
ixed  to  the  chest-wall  as  a  fixed  ]>oint,  the  other  end  can  by  a  thread  be  brought 
1')  tear  oo  a  lever.  The  slip,  even  when  thus  arranged,  appears  to  contract 
rhythmically  in  complete  unison  with  the  coniractiong  of  the  whole  re^t  of  the 
duphra^m  :  it  serves,  so  to  speak,  as  a  i^ample  oT  the  diaphragm  ;  aad  hence  its 
o>ntractuins,  like  those  of  the  whoh*  diaphragm,  may  be  taken  as  a  record  of 
rrt^)irilory  movements.  The  record  has  lo  be  corrected  for  variations  in  the 
I'li^ion  of  the  fixed  point. 

IPia.  129. 


TkAcnra  or  Thoracic  RiotPtRAToiiY  Movkmchts  obtainco  by  hulM  or  MAatv's 

PfCEl^XOOKAl'U. 

A  vlHio  ttMfAnLiory  phue  Is  oomprlBcd  betveen  a  and  a :  inaplrmtloa,  duntig  wbtcb  tbe  lever 
^wtfc,  »xt«ndlnc  from  a  to  b.  nod  expiration  fh>in  b  lo  a.    The  undulatioiis  at  e  are  caosed  by  tbe 

5380.  In  these  various  ways  curves  are  obtained,  which,  while  differing 
in  Heiail,  exhibit  the  same  general  features,  and  more  or  less  resemble  the 

......... 


of  tutdng  b.  tbe  ond  of  vhfcb  can  be  eltber  oI»ed  or  parttaTly  obrtmcted  at  pleanire 
W  Maw  of  tbeacrcir  clamp  c.  From  the  Jnr  procecdtii  third  piece  of  tnliiiig  '/,  connected  with  n 
"■V*  temboor  m  isec  Fig.  TSJ,  tbe  Icvcr  of  which  /  writes  ou  the  rccordliic  lurfoce.  Whtn  Ihe 
'^AllcqMi  the  aniui&l  brcatbuj  f^cly  througb  tbl»,  and  tbe  moremeiila  in  the  air  of  G  and 
*V>twnUy  in  tbe  lambonr  are  allghL  On  oloalng  the  clamp  e.  tbe  anintal  breathes  only  the  air 
**iMlaed  la  tbe  Jar,  txtd  tbe  moTementB  of  lAe  lever  of  tbe  tjiinbour  become  oonieqaently  much 
•>»terlnd. 

Now  the  lever  !■  fecn  a  amail  time-marker  n  connected  wtlh  an  elontro-niaicnet,  the  ourrent 
'^(^■vcb  wblcb,  oomliig  from  s  battery  by  tbe  wires  x  and  y.  Is  mode  and  broken  by  a  uloek'Worfc  or 
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Ab  the  tigure  ehowe,  inspiration  be^ns  somewhat  suddenly  and  advancei 
rapidly,  being  followed  immediately  by  expiration,  which  is  carried  out  at 
Brst  rapidly,  nut  afterward  more  and  more  slowly.  Such  pauAea  as  are a««D 
usually  occur  between  the  end  of  expiration  and  the  beginning  of  iuspira* 
Lton.  In  normal  breathing  hardly  any  such  pause  exists,  but  in  cnaea  whcrt 
the  respiration  becomes  infrequent,  pauses  of  considerable  length  may  b« 
observed.  As  we  shall  see  in  detail  hereafter,  the  several  parisof  the  whole 
act  vary  much  under  various  circunistancee,  in  relation  to  each  other. 
Sometimes  expiration,  sometimes  inspiration  is  prolonged  ;  and  either  in- 
spiration or  expiration  may  be  slow  or  rapid  in  its  development.  At  timoft 
the  chest  may  remain  for  a  while  at  the  height  of  inspiration,  thus  making 
a  pause  between  inspiration  and  expiration. 

In  what  may  be  considered  as  normal  breathing  the  respiratory  act  is  re- 
peated about  seventeen  times  a  minute,  the  duration  ot  the  inspiratioo  m 
compared  with  that  of  the  expiration  (and  such  pause  as  may  exist)  being 
about  as  ten  to  twelve  ;  but  the  rate  varies  very  largely,  and  in  tbia.  ■•  in 
the  volume  of  each  breath,  it  is  very  difficult  to  fix  a  aatisfaotorj  average* 
the  figures  given  varying  from  twenty  to  thirteen  a  minute.  It  Tarica 
according  to  a^e  and  sex.  It  is  influenced  by  the  position  of  the  bodj, 
being  quicker  in  standing  than  in  lying,  and  in  lymg  than  in  sitting. 
Muscular  exertion  and  emotional  conditions  affect  it  aeeplv.  In  fact,  almuac 
every  event  which  occurs  in  the  body  may  influence  it  We  shall  have  to 
consider  in  detail  hercAfller  the  manner  in  which  these  influences  are  brought 
to  bear. 

When  the  ordinary  respiratory  movements  prove  insuflScient  U)  eflbct  On 
necessary  changes  in  the  bh}od,  their  rhythm  and  character  become ch&ogod. 
Normal  respiration  gives  place  to  labored  respiration,  and  this  in  turn  to 
dy$pniea,  which,  unless  some  restorative  eveut  occurs,  terminates  in  (utpAym. 
These  abnormal  conditions  we  shall  study  more  fully  hereafter. 


Tiu  RespiroUrry  Movements, 


I 


$  331.  When  the  movements  of  the  chest  during  uormal  breathing  are 
watched,  or  when  a  graphic  record  is  taken  by  one  or  other  of  the  methods 
just  described,  it  is  seen  that  during  inspiration  an  enlargement  lakes  place 
in  the  autepj-posterior  diameter,  the  sternum  being  thrown  forward,  mud  at 
the  same  time  moving  upward.  The  lateral  width  of  the  chest  is  also  ia< 
creased.  The  vertical  increase  of  the  cavity  is  not  so  obvious  fmm  th« 
outside,  though  when  the  movements  of  the  diaphragm  are  watched  by  m^'aos 
of  an  inserted  needle  or  otherwise,  it  is  clear  that  the  upfier  surfaoe  of  that 
organ  descends  at  each  inspiration,  the  anterior  walls  of  the  abdomen  bulging 
out  at  the  same  time.  In  the  female  human  subject,  the  movement  of  th« 
upper  |>art  of  the  chest  is  verv  conspicuous,  the  breast  rising  and  falling  wiib 
every  respiration  ;  in  the  male,  however,  the  movements  are  almost  entirely 
confinetl  to  the  lower  part  of  the  chest.  In  labore*!  respiratiim  all  parts  of 
the  cheet  are  nlternntelv  expanded  and  ci>ntracted,  the  breast  rising  and 
falling  as  well  in  the  male  as  in  the  female.  We  have  now  to  consider  tbeae 
•everal  movements  in  greater  detail,  and  to  study  the  means  by  which  tbey 
are  carried  out. 

S  332.  Irutpiration.  There  are  two  chief  means  by  which  the  oheat  ie 
enlarged  in  normal  inspiration,  viz.^  the  descent  of  the  diaphragm  and  the 
elevation  of  the  ribs.  The  former  causes  that  movement  in  the  lower  part «[_ 
the  cheat  and  abdomen  so  characteristic  of  male  breathing,  which  is  bi 
called  diaphragmatic;  the  latter  cauaes  the  movement  of  the  upper 
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characteristic  of  female  breathing,  which  is  called  costal.  These  two  naain 
fact4>ra  are  asaieted  by  less  important  and  subsidiary  events. 

Even  in  the  female  human  subject,  the  Bhare  taken  in  respiration  by  the 
diaphragm  is  an  important  one  ;  in  the  male  the  dia|)hragra  roust  be  regarded 
as  the  chief  respiratory  agent,  and  in  some  animals  its  use,  fi>r  this  ])urpoBe, 
is  9o  prominent  that  the  movements  of  the  ribs  may  i"  normal  breathing  be 
almost  neglected.  In  the  rabbit  for  instance,  in  normal  breatiitxig^  almost  all 
the  respiratory  work  is  done  by  the  contractions  of  ihe  diaphragm. 

The  descent  of  the  diaphragm  is  ed'ected  by  means  of  the  contraction  of 
ita  muscular  fibres.  When  at  rest  the  diaphragm  preaenta  a  convex  surface 
U>  the  thorax ;  when  contracted  it  becomes  much  flatter,  and  in  couse^juence 
the  level  of  the  chest-floor  is  lowered,  the  vertical  diameter  of  the  cheet  being 
proportionately  enlarged.  In  descending,  the  diaphragm  prcs-^cs  on  the 
abdominal  viscera,  and  so  causes  a  projecti<mof  the  flaccid  abdominal  walls. 
From  its  attachments  to  the  sternum  and  the  false  riha,  the  diaphragm,  while 
contracting,  naturally  tends  to  pull  the  sternum  and  the  up[>er  false  ribs 
downward  and  inward,  and  the  lower  false  ribs  upward  aud  inward,  toward 
the  lumbar  spine.  In  normal  breathing,  this  teudcncy  produces  little  eifect, 
being  counteracted  by  the  accompanying  general  costal  elevation,  and  by 
certain  special  muscles  to  be  mentioned  presently.  In  forced  inspiration, 
however,  and  especially  where  there  is  any  obstruction  to  the  entrance  of  air 
into  the  lungs,  the  lower  ribs  may  be  so  much  drawn  in  by  the  contraction 
of  the  diaphragm  that  the  girth  of  the  trunk  at  this  point  is  obviously 
diminished. 

!^  333.  The  elevation  of  the  ribs  is  a  much  more  complex  matter  than  the 
descent  of  the  diaphragm.  If  we  examine  any  one  rib,  such  as  the  iiflh,  we 
~  id  that  while  it  moves  ireely  on  its  vertebral  articulation,  it  inclines  when 

[Fxa.  1»0.) 


Eio  the  position  of  rest  in  an  oblique  direction  from  the  spine  to  the  sternum  ; 
beocc  it  is  obvious  that  when  the  rib  is  raised,  iis  sternal  attachment  must 
Bot  only  be  carried  upward  but  also  thrown  forward.  [Fig.  130.]  The  rib 
may  in  fact  be  regarded  as  a  radius,  moving  on  the  vertebral  articulation  a« 
A  oeqtre.  and  causing  the  sternal  attachment  to  describe  an  arc  of  a  circle  in 
me  vertical  plane  of  the  body ;  as  the  rib  is  carried  upward  from  an  oblique 
{o  a  more  horizontal  position,  the  sternal  attachment  must  of  necessity  be 
carried  further  away  in  front  of  the  spine.  Since  all  the  ribs  have  a  down- 
ward slanting  direction,  they  must  all  tend,  when  raised  toward  the  hori- 
soDlal   pfisiiion,  to   thrust   the   sternum    forward,  some   more   than  others 
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according  to  tbeir  slope  and  length.  The  elaBticity  <»f  the  sternum  mod 
cuBtal  cArtilaget!,  assisted  by  the  articulation  of  the  sternum  to  the  clavicle 
above,  permits  the  front  surface  of  the*  cheat  tit  he  thus  thrust  forwani  as 
well  a^  upward,  when  the  rib«  are  raised.  By  this  acitou,  the  autero-(Mja- 
terior  (iinmeter  of  the  chest  is  enlarged. 

Since  the  ribs  form  arches  which  increase  in  their  sweep  aa  one  proceeda 
from  the  first  downward  as  far  at  least  aa  the  Beventb,  it  is  evident  that  when 
a  lower  rib  such  as  the  fifth  is  elevated  so  as  to  occupy  or  to  appnmch  toward 
the  position  of  the  one  above  it,  the  chest  at  that  level  will  become  wider 
from  side  to  side,  in  proportion  ns  the  fifth  arch  in  wider  than  the  fuurtb. 
Thus  the  elevation  of  the  rib  increases  not  only  the  antero-posterior  but  also 
the  transverse  diameter  of  the  cheat.  Further,  on  account  of  the  reaistAnoa 
of  the  sternum,  the  aoglea  between  the  ribs  and  their  cartilagee  are,  in  tbe 
elevation  of  the  ribs,  somewhat  o|)ened  out,  and  thus  also  the  transverse  aa 
well  as  the  antero  posterior  diameter,  somewhat  increased.  In  more,  than 
one  way,  then,  the  elevation  of  the  ribs  enlarges  the  dimensions  of  the  chert* 

§  334-  The  ribs  are  raised  by  the  contraction  of  certain  muscles.  Of  theaa 
the  external  intercostals  are  perhaps  the  most  important.  Even  in  the  case 
where  two  ribs,  such  as  the  fifth  and  sixth,  are  isolated  from  the  rest  of  tbe 
thoracic  cage,  by  section  of  the  structures  occupying  the  intercostal  spacea 
above  and  below,  the  contraction  of  the  external  intercostal  muscle  of  tb« 
intervening  space  raiaea  the  two  ribs,  thus  bringing  them  toward  the  |>ositioD 
in  which  the  fibres  of  the  muscle  have  the  shortest  length,  viz..  the  horisont&l 
one.  This  elevating  action  is.  in  the  entire  chet»t.  fu rther  favore«i  by  the&cA 
that  the  first  rib  is  lese  movable  than  the  second,  and  so  affords  a  coropftm- 
tively  fixed  base  for  the  action  of  the  muscles  between  the  two,  the  aeoDod  in 
turn  supporting  the  third,  and  so  on,  while  the  scaleni  musclea  in  additioo 
aerve  to  render  fizcil,  or  to  raise,  the  first  two  ribs.  So  that  in  normal  r««pira> 
tioD,  the  act  may  probably  be  describe<l  aa  beginning  by  a  contraction  i>f  the 
acaleni.  The  finit  two  ribs  being  thus  raiseil  or  at  least  fixed,  the  contrftcUoo 
of  the  series  of  external  intercostal  muscles  acts  at  a  great  disadvantage. 

While  the  elevating,  i. «.,  inspiratory  action  of  the  external  intercustala 
admitted  by  nearly  all  authors,  the  function  of  the  internal  intercostala 
been  much  disputed.  Some  regard  theiractionaa  wholly  inspiratory  ; 
maintain,  what  is  perha{>9  the  more  commtinly  adopted  view,  that  white  tbow 
parts  of  them  which  lie  between  the  sternal  cartilages  net  like  the  oxtnual 
intercostahi  as  elevators,  i.  e.,  as  inspiratory  in  function,  those  p&rta  wbieli 
lie  between  the  oaaeoua  ribs  aot  as  depressors,  t.  cf.,  as  expiratory  in  fuDOtioo. 

In  tbe  well-knowD  model  consisting  of  two  rigid  bars  [Fig.  131]  repre- 
aentiog  the  ribs,  moving  vertically  by  moans  of  their  articulationa  with  ed 
upright  representing  the  spine,  and  connected  at  their  fre«  ends  by  a  pic«» 
representing  the  sternum,  it  is  undoubtedly  true  that  stretched  elastic  HaiMda 
attached  to  the  bars  in  such  a  way  as  to  represent  respectively  the  extcm&i  and 
internal  intercostals,  vi/..,  sloping  in  the  one  case  dowuwanl  and  forward,  and 
in  the  other  downward  and  backward,  do,  on  being  lefl  free'to  contract,  to 
the  former  case  elevate  and  in  the  latter  deprets  the  ribs.  Saoh  a  nodal, 
however,  does  not  fairly  represent  the  natural  conditiuna  of  the  riba,  wUeh 
are  not  straight  and  rigid,  hut  (jeculiarly  curved  and  of  varying  claatirilj. 
capable  moreover  of  rotation  on  their  own  axes,  and  having  their  moTCttOlti 
determined  by  the  characters  of  their  vertebral  artinilations.  Tbe  atobn- 
ical  conditions  in  fact  of  these  musclea  are  so  complex,  that  n  dedofti'm  «f 
their  actions  from  simplf  mechnnical  principles,  or  from  the  *  • 

fibres,  must  be  exceedtugly  <iifh(^ult  and  dangeroos.     Actual  -    in 

the  cat  and  dog  tend  to  i^liow  that  in  these  animals  the  contraction  ol'  lbs 
Internal  intercostals,  along  their  whole  length,  takes  place,  in  point  of  tim^. 
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cWtcteristic  of  femide  breathing,  which  ia  called  costal.  These  two  main 
betonare  awiBted  by  lees  impartaut  aud  eubsidiary  events. 

Even  in  the  female  human  subject,  the  share  taken  in  respiration  by  the 
diApbragm  ia  an  important  one;  in  the  mate  the  diaphragm  must  be  regarded 
lithe  chief  respiratory  agent,  aud  in  sooie  animals  itb  use,  for  this  purpoae, 
u»o  pn^mioent  that  the  movemeuts  of  the  ribs  may  in  normal  breathing  be 
almost  neglected.  In  the  rabbit  for  instance,  in  normal  breathing,  almost  all 
the  respiratory  work  is  done  by  the  contractions  of  the  diaphragm. 

Tbe  descent  of  the  diaphragm  is  eiiected  by  means  of  the  contraction  of 
iu  muscular  fibres.  When  at  rest  the  diaphragm  presenta  a  convex  surface 
bttbe  thorax  ;  when  contracted  it  becomes  much  flatter,  and  in  consequence 
the  level  of  the  cheel-floor  is  Suwered,  the  vertical  diameter  of  the  chest  being 
proportionately  enlarged.  In  descending,  the  diaphragm  presses  on  the 
ftbdominal  viscera,  and  so  causes  a  projection  of  the  flaccid  abdominal  walls. 
FroiD  its  attacbmenta  to  the  sternum  and  thtj  false  ribs,  the  diaphragm,  while 
ointrtcting,  naturally  lends  to  puH  the  sternum  and  the  upper  false  ribs 
dnVDvard  and  inward,  and  the  lower  false  ribs  upward  and  inwanl,  toward 
ihe  lumbar  spine.  In  normal  breathing,  this  tendency  produces  little  eflect, 
being  counteracted  by  the  accompauying  general  costal  elevation,  and  by 
eertiin  special  muscles  to  be  mentioned  presently.  In  forced  inspiration, 
however,  and  especially  where  there  is  any  obstructitm  lo  the  entrance  of  air 
iotothe  lungs,  the  lower  ribs  may  be  su  much  drawn  tn  by  the  contraction 
'if  ibe  diaphragm  that  the  girth  of  the  trunk  at  this  point  is  obviously 
^imioiihed. 

^333.  The  elevation  of  the  ribs  is  a  much  more  complex  matter  than  the 
Heioeot  of  the  diaphragm.  If  we  examine  any  one  rib,  such  as  the  fifth,  we 
Mthat  while  it  moves  freely  on  its  vertebral  articulation,  it  iacliues  when 
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pfisition  of  rest  in  an  ohli([ue  direction  from  the  spine  to  the  sternum ; 

it  is  obvious  that  when  the  rib  is  raised,  its  sternal  attachment  must 
W^only  be  carried  upward  but  also  tlirown  forward.  [Fig.  130.]  The  rib 
BtJ  ia  fact  be  regarded  as  a  radius,  moving  on  the  vertebral  articulation  as 
io«Qtre,  and  causing  the  sterual  attachment  to  describe  an  arc  of  a  circle  iu 
theverticAl  plane  of  the  body;  as  the  rib  is  carried  upward  from  an  oblique 
to  *  more  horizontal  position,  the  sternal  attachment  must  of  necessity  be 
arried  further  away  in  front  of  the  apine.  Since  all  the  ribs  have  a  down- 
*ml  ilanting  direction,  they  must  all  tend,  when  raised  toward  the  hori- 
KQtal   position,  to   thrust   the  sternum   forward,  some   more   than  others 
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Inspiratorr   mumble.     Tho  quadratus  lumborum  and  lower  portions  of  th» 
gacro'IunibaliB  may  have  a  similar  function. 

All  the^e  niUBcles  may  come  into  action  even  in  breatbinjir  ^hich,  though 
dee|)er  than  usual,  can  hardly  perhnpa  be  called  labore«l.  When,  however, 
the  need  fur  gr<'uteriuapiratory  eflorU  l>ecome8  urgent,  all  the  uiu»ulea  which 
can,  from  any  fixed  point,  act  in  enlarging  the  chest,  come  intu  play.  Tbu* 
tbe  arms  and  shoulder  being  fixed,  the  serratus  magnus  pasiing  fn^m  the 
scapula  to  the  middle  of  the  first  cit^ht  or  niue  ribs,  the  pectoraliit  minur 
passinff  from  the  coracoid  to  the  front  parts  of  the  third,  fourth,  aiiil  fifth 
ribs,  the  pectoralib  major  passing  from  the  humerus  to  the  costal  cartilagt«, 
fh)m  the  second  to  the  sixth,  an4l  that  portion  of  the  latiitsimus  dorsi  which 
p«f«efl  from  the  humerus  to  the  last  three  ribs,  all  serve  to  elevate  the  ri 
and  thus  to  enlarge  the  chest.  The  sterno- mastoid  and  other  muscles  [hub* 
from  the  neck  to  the  sternum,  are  also  called  into  action.  In  fact,  er 
muscle  which  by  its  contraction  can  either  elevate  the  ribs  or  contribute  to 
the  fixed  support  of  muscles  which  do  elevate  the  ribs,  such  as  the  trapexiua, 
levator  anguli  scapuln?,  and  rhomboidei  by  6xing  the  scapula,  may,  io  th« 
inspiratory  eflorts  which  accompany  dyspuwa,  be  brought  into  plav. 

$336.  Expiration.  In  normu)  easy  breathing,  expiration  is  in  the  main  a 
simple  effect  of  elastic  reaction.  By  the  inspiratory  eHort  the  clastic  time 
of  the  lungs  is  put  on  the  stretch  ;  so  longas  tne  inspiratory  muscleaoontinoe 
contracting,  the  tissue  remains  stretched;  but  directly  thuae  muaclea  relftx, 
the  elasticity  of  the  lungs  comes  into  play  and  drives  out  a  portion  of  the 
air  contained  in  them.  8imilarly  the  elastic  sternum  and  costal  cartilaget 
are  by  the  elevation  of  the  ribs  put  on  the  stretch  ;  they  are  driven  intu  ft 
position  which  is  unnatural  to  them.  When  the  intercostal  and  other  ele- 
vator muscles  cease  to  contract,  the  elasticity  of  the  sternum  and  cti«tai  car- 
tilages causes  them  to  return  to  their  previous  position,  thus  depressing  the 
ribs  and  diminishing  the  dimensions  of  the  chest.  When  the  diaphra, 
deacends,  in  pushing  down  the  abdominal  viscera,  it  puts  the  abdominal  w 
on  the  stretch ;  and  hence,  when  at  the  end  of  inspiration  the  diaph 
relaxes,  the  abdominal  walls  return  to  their  place,  and  by  pressing  od 
abdominal  viscera,  push  the  diaphragm  up  again  idto  its  position  of  reaL 
Kxpiration  then  duriof;  easy  breathing  is,  in  the  main,  simple  elastic  refto- 
tiou ;  but  there  is  probably  some,  though  possibly  in  most  cases  a  very  slight, 
expenditure  of  muscular  energy  to  bring  the  chest  more  rapidly  to  it*  former 
condition.  This  is.  as  we  have  seen,suppo«e<l  by  mauy  to  be  affonled  by  the 
internal  intercostals  acting  as  depreseora  of  the  ribs.  If  those  do  not  art  in 
this  way.  we  may  suppose  thai  the  elastic  return  of  the  alHiimiinal  wall* 
accompanied  and  assisted  by  a  contraction  of  the  abdominal  musclm.  T1 
trinngulHriH  eterni,  the  effect  of  whose  contraction  is  to  pull  down  the  coatal 
cartilages,  may  also  be  regarde<i  as  an  expiratory  muscle. 

When  expiration  becomes  labored,  the  abdominal  mutoles  become  import- 
ant expiratory  agents.  By  pressing  on  the  contents  uf  the  abduiiten.  they 
thrurti  them  and  therefore  the  diaphragm  alwiup  towarii  the  chest,  the  vertical 
diameter  of  which  is  thereby  lessened,  while  by  pulling  down  the  •t«niam 
and  the  middle  and  lower  ribs  they  lessen  also  the  cavity  of  the  chc»t  in  its 
antert>-|K«terior  and  transverse  diameters.  They  are.  in  fact,  the  chief  expira- 
tory  mu^'leti.  though  they  are  doubtless  assisted  by  the  serratus  paaSieas 
interior  and  p'lrtious  uf  the  sacro-lumbalis.  since  when  the  diaphragm  is  noi 
contracting,  the  depression  of  the  lower  ribs  which  the  contraction  of  ibeee 
muscles  causes,  serves  only  to  narrow  the  chest.  As  expiration  becnmca 
more  and  more  fon^ed,  every  muscle  in  the  body  which  can  either  by  coo* 
tracting  depress  the  HN  or  press  on  the  alxlominnl  viscera,  or  aiTuni  Ibml 
support  to  muscles  having  those  actions,  is  called  into  play. 
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h-^W,  JFaeial  and  iarffng^l  respiration.  The  thoracic  respiratory  move- 
PMUVft  lu^compnnied  by  useociHlcd  respiratory  tuovemenis  of  other  parte 
ottbebocly,  more  particularly  of  the  face  and  of  the  glottis. 

[o  DormiU  healthy  respiration  the  current  of  air  which  passes  in  and  out 
of  the  lungs,  travels,  not  through  the  mouth  but  through  the  nose,  chiefly 
ibnjuph  the  lower  uaaal  meatus.  The  ingoing  air,  by  exposure  to  the  vas- 
foUr  mucous  membrane  of  the  narrow  and  winding  na^^al  passages,  is  more 
efficiently  warmed  than  it  would  be  if  it  passe<i  through  the  mouth  ;  and  at 
the  nine  time  the  mouth  in  thereby  protected  from  the  desiccating  effect  of 
the  continual  inroad  of  com])aratively  dry  air. 

During  each  inspiratory  effort  the  nostrils  are  expanded,  probably  by  the 
action  of  the  dilatores  naris,  and  thus  the  entrance  of  air  facilitatefl.  The 
return  to  their  previous  condition  during  expiration  is  effected  by  the  elas* 
ticity  of  the  nasal  cartilages,  assisted  perhaps  by  the  eompresst>re8  naris. 
Thii  movenient  of  the  nostrils,  perceptible  iu  many  people  even  during  traa- 
ijuil  breathing,  becomes  very  obvious  iu  labi»red  respiration. 

When  the  mouth  is  closed,  the  aofi  piijute  which  is  held  somewhat  tense, 
u swayed  by  the  respiratory  current,  but  euiirely  in  a  passive  manner,  and 
it  l*  not  until  the  larynx  is  reached  by  the  ingoing  air  that  any  active  move- 
metiu  are  met  with.  When  the  larynx  (the  details  of  which  we  »hall  have 
(•nletl  with  at  a  later  part  of  this  work)  is  examined  with  the  laryngoscope, 
a  i«  frequently  seen  that,  while  during  inspiration  the  glottis  is  widely  open, 
irith  each  expiration  the  arytenoid  cartilages  approach  each  other  so  as  to 
urrow  the  glottis,  the  cartilages  of  Santorini  projecting  inward  at  the  same 
time.  Thus,  synchnmous  with  the  respiratory  expansion  and  contraction  of 
tbe  cbcatf  and  the  respiratory  elevation  and  depression  of  the  alte  nasi,  there 
ni rhythmic  widening  and  narrowing  of  the  glottis.  Like  the  mdvements 
<<f  tbti  nostril,  this  re8piraU)ry  action  of  the  glottis  is  much  more  evident  in 
khond  than  in  trampiil  breathing.  Indeed,  in  the  latter  case  it  is  frequently 
aiiaeot.  The  manner  in  which  this  rhythmic  opening  and  narrowing  is 
ifedtti  will  be  deseribetl  when  we  come  to  study  the  pro<luction  of  the  voice. 
Wbeiher  there  cxist^t  a  rhythmic  contractitm  and  cxfrnnsion  of  the  trachea 
nd  hiunchial  luissageB,  especially  the  smaller  and  more  exclusively  muscular 
««,eflectcd  ny  means  of  the  plain  musculHr  tissue  of  those  organs  and 
■nichrtnioue  with  the  respiratory  movements  of  the  cheet,  is  uncertain. 


Changes  of  the  Air  in  Respiration. 

i8S8.  During  its  stay  in  the  lungs,  or  rather  during  its  stay  in  the  bron- 
^al  pMsages,  the  tidal  air  (by  means  of  diffusion  chiefly)  effects  exchanges 
villi  the  stationary  air ;  in  conse^^uenoe  the  expired  air  differs  from  inspired 
urin  several  im[}4)rtaDt  particulars. 

The  tem]>erature  of  expired  air  is  variable,  but  under  ordinary  circum- 
■anoei  is  higher  that  that  of  the  inspired  air.  At  an  average  temperature 
o^the  atmosphere,  for  instance  at  about  20°  C,  the  temperature  of  expired  air 
*,ia  the  mouth  33.9°,  in  the  nose  35.3°.  When  the  external  temperature  is 
l"v,  that  of  the  expired  air  sinks  somewhat,  but  not  to  any  great  extent, 
tfam  at  — ^.3"^  C.  it  is  29.8"^  C.  When  the  external  temperature  is  high,  the 
<iipirbii  air  may  become  cooler  than  the  inspired,  thus  at  41.9^  it  has  been 
fauud  to  be  38.1  ^     The  expired  air  takes  its  temperature  frt^m  that  of  the 

S,  that  is.  of  the  blood,  and  thiii  as  we  shall  see  later  on  while  generally 
ST  may,  at  times,  be  lower  than  that  of  the  atmoephere.  The  exact 
tnapenture  of  the  expired  air  in  fact  depends  on  the  relative  temperatures 
of  ine  blood  and  ioapired  air,  and  on  the  depth  and  rate  of  breathing.     The 
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change  in  temperature  takes  place  uot  in  the  lungs  but  in  the  upp«r 
and  ehiellv  in  the  nose  ami  pbarynx. 

§  839.  the  expired  air  is  loaded  with  aqueous  vapor.  The  point  of  «aiu- 
ration  of  any  gas.  that  is^  the  utmost  quantity  of  water  which  any  given 
volume  of  gas  can  lake  up  as  a(|ueous  va[X)r.  varies  with  its  temperature, 
being  higher  with  the  higher  temperature.  For  its  own  temperature  expired 
nir  is,  according  to  raoBt  observers,  saturated  with  aqueous  vapor.  The 
moii^ture,  like  the  warmth,  is  imparted  not  io  the  depths  of  the  lung  hut  in 
the  upper  pazisages.  The  inspired  air  as  it  passes  into  the  bronchia  is  already 
saturated  with  moisture. 

§  340.  The  expired  air  contains  about  -1  or  5  per  cent,  lees  oxy^n.  and 
about  4  j>er  cent,  more  carbouic  acid  than  the  iuspired  air,  the  quantity  i»f 
nitrogen  suffering  but  little  change.     Thus 


Oxj'Bcn. 

NUrocm. 

CteteolcMM. 

Inspired  air  contains    . 

.     20.HI 

79.15 

0.04 

Expired  " 

.     16.033 

79.687 

4.31* 

The  quantity  of  nitrogen  in  the   expired  air  is  sometimes   found  to 
slightly  greater  than,  as  in  the  above  tabic,  but  sometimes  cipial  to, 
sometimes  less  than,  that  of  the  inspired  air. 

In  a  single  breath  the  air  is  richer  iu  carbonic  acid  (and  poorer  in  oxygvo) 
at  the  end  than  at  the  beginning  of  the  breath.  Hence,  the  lnog«r  tbe 
breath  is  held,  the  greater  the  (^artiHcial)  pause  l>etween  inspiration  and 
expiration,  the  higher  the  i^ereeutage  of  carbouic  acid  in  the  expirod  air. 
Thus,  by  increasing  the  interval  between  two  expirations  to  lOU  secoads,  the 
percentage  may  be  raised  to  7.6.  When  the  rate  of  breathing  remaiiM  tbe 
same,  by  increasing  the  depth  of  the  breathing  the  percentage  of  oariMmic 
acid  in  each  breath  is  lowered,  but  the  total  quantity  of  carbonic  add 
expired  in  a  given  time  is  increased.  Similarly,  when  tbe  depth  of  breath 
remains  the  same,  by  quickening  the  rate  the  percentage  of  cftrboaie  acid 
in  each  breath  is  lowered,  but  the  quantity  expired  m  a  given  Ume  Is 
increaaed. 

Taking,  as  we  have  done,  the  amount  of  tidal  air  passing  in  and  out  of 
the  oheat  of  an  average  man  at  •~>00  c.c,  such  a  j)er8«jn  will  expire  aboot 
22  cc.  of  carbonic  acid  at  each  breath  ;  this,  reckoning  the  rati*  of  brcatli* 
ing  at  17  a  minute,  would  give  over  oOO  litres  of  carbouic  aci<l  for  the  day's 
prtxluotion.  Actual  determinations,  however,  give  a  rather  isnialler  total 
thiiu  this ;  thus,  in  a  scries  of  ex|)erimeuls  of  which  we  shall  have  to  speak 
hereafter,  the  total  daily  excretion  of  carbonic  acid  in  an  average  roan  waa 
found  to  be  800  gnus.,  i.  ^.,  rather  more  than  400  litres  (406),  contatninc 
218.1  grms.  carbon  and  ■'381.0  grms.  oxygen,  the  oxygen  which  actually  dmr- 
apiK-aretl  from  the  inspired  air  at  the  stime  time  being  about  700  grms.  This 
amount,  it  should  be  said,  represents,  owing  to  the  manner  in  which  tbe 
vxperiment  waa  conducted,  the  gasee  given  out  and  taken  in.  not  by  tbe 
lann  onlv.  but  by  the  whole  body  ;  but  the  amount  of  carbonic  acid  givea 
out  oy  other  diaunels  than  the  lungs  is,  as  we  shall  see,  very  slight  (lOgrsa. 
or  even  Inn),  so  that  800  grms.  may  be  taken  as  the  average  produedoo  of 
carbonic  add  by  an  average  man.  The  quantitv,  however,  both  of  oxt|^ 
consumed  and  of  carbouic  acid  given  out,  is  subject  to  very  wide  variatMCH ; 
thus,  in  the  observations  of  which  we  arc  speaking,  the  daily  quaotttr  c»f 
carbonic  acid  varied  from  liHit  to  \'2f<'t  terms.,  and  that  of  the  oxygen  Irom 
594  to  107*2  grms.  These  variationti  au*l  their  causes  will  be  discuMed  « 
\te  oome  to  deal  with  the  problems  of  nutrition. 

S  84L  When  the  total  quantity  of  tidal  air  given  out  at  anv  rxpiratitm  is 
oompared  with  thai  i&kaii  iu  ai  the  correepooding  inapiratioD.  a  u  tuund 
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measured  af  the  same  tem[>erAtnre  and  preffiiire, 
the  expired  air  is  less  in  volume  timn  the  inspired  air,  the  dillerence  amount- 
ing to  about  j*pth  U}  g^jj^th  of  the  volume  of  the  latter.  Hence,  when  an 
uiimal  is  made  U:>  breathe  iu  a  outined  space,  the  air  is  absolutely  diminished 
io  volume.  The  approximate  efjuivaleuce  iu  volume  between  inspired  and 
expired  air  arises  from  the  fact  that  the  volume  of  any  given  (piantity  of 
carbonic  acid  is  enual  to  the  volume  of  the  oxygen  coueumed  to  produce  it; 
the  alight  falling  short  of  the  expired  air  is  due  to  the  circumstance  that  all 
theoxyeen  inspired  does  not  reappear  in  the  carbonic  acid  expired,  some 
hinne  formetl  withiu  the  bo<ly  other  coujbiuations. 

§  3w.  Besides  carbonic  acid,  expired  air  contains  various  substances 
which  may  be  spoken  of  as  impurities,  many  of  an  unknown  nature,  and  all 
iosmidl  amounts.  Traces  of  ammonia  have  been  detected  in  expired  air, 
even  in  that  taken  directly  from  the  trachea,  iu  which  case  its  presence  could 
not  be  due  to  decomposing  food  lingering  in  the  mouth.  When  the  expired 
lir  IB  condensed  by  being  conveyed  into  a  cooled  receiver,  the  aqueous 
product  is  found  to  contain  organic  matter,  which,  from  the  presence  of 
nucroorgauiams  introduced  in  the  inspired  air,  Is  very  apt  rapidly  to  putrefy. 
The  organic  substances  thus  shown  to  be  present  iu  the  expired  air  are  the 
ciDN  in  part  of  the  odor  of  breath.  It  is  probable  that  some  of  them  are 
of  a  poisonous  nature,  cither  poisonous  in  themselves  as  coming  direct  from 
ukI  producwi  in  some  way  or  other  iu  the  pulmonary  apparatus,  or  poisonous 
M  being  the  products  of  putrefactive  decouipoaitiou  ;  for  various  animal 
Mibrttnoee  and  fluids  give  rise  by  decomposition  to  distinct  poisonous  pro- 
duds  known  as  ptomaines,  and  it  is  possible  that  some  of  the  constituentfl 
of  expireii  air  are  of  an  allied  nature.  In  any  ca^  the  substances  present 
luivea  deleterious  action,  for  an  atmosphere  containing  simply  1  per  cent,  of 
ctrboaic  acid  (with  a  corres{>onding  diminution  of  oxygen)  has  very  little 
eftcton  the  animal  economy,  whereas  nn  atmosphere  in  which  the  carbonic 
icid  has  been  raised  to  1  |)er  cent,  by  breathing  is  highly  injurious.  In  fact, 
«ir  rendered  bo  far  impure  by  breathing  that  the  carbonic  acid  amounts  to 
W  per  cent,  is  distinctly  unwholesome,  not  so  much  on  account  of  the  car- 
winic  acid  as  of  the  accompanying  impurities.  Since  these  impurities  are 
flf  unknown  nature  and  cannot  l>e  estimate*!,  the  easily  determined  carbonic 
•rid  is  usually  taken  as  an  indirect  measure  of  their  presence.  We  have 
*««D  that  the  average  man  loads  at  each  breath  500  c.c.  of  air  with  carbonic 
•cid  to  the  extent  of  4  per  cent.  He  will  accordingly  at  each  breath  load 
2  litres  to  the  extent  of  1  |)er  cent. ;  and  in  one  hour,  if  he  breathe  17  times 
taiaute.  will  load  rather  more  than  2000  litres  to  the  same  extent.  At  the 
Wt  least,  then,  a  man  ought  to  be  supplied  with  this  quantity  of  air  hourly, 
»iw  if  the  air  is  to  be  kept  fairly  wholesome,  that  is  with  the  carbonic  acid 
reduced  below  0.01  per  cent.,  he  should  have  even  more  than  ten  times  as 
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^B     {343.  While  the  air  in  passing  in  and  out  of  the  lungs  is  thus  robbed  of 

^m  K  portion  of  its  oxygen  and  loaded  with  a  certain  quantity  of  carbonic  acid, 

V  u»e blood  as  it  streams  along  the  pulmonary  capillaries  undergoes  imj>ortant 

r    oorrvlative  changes.     As  it  leaves  the  right  ventricle  it  is  venous  blood  of  a 

I        Jwk  purple  or  maroon  color;  when  it  falU  into  the  left:  auricle  it  is  arterial 

Mood  of  a  bright  scarlet  hue.     In  passing  through  the  capillaries  of  the  body 

''**oi  ibe  left  to  the  right  side  ol  the  heart  it  is  again  changed  from  the 

■ftcrial  to  the  venous  condition.     We  have  to  inquire,  What  are  the  essen- 

"KJ  differences  between  arterial  and  venous  blood,  by  what  means  is  the 
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venous  blood  changed  into  arterial  in  the  lungs,  and  the  arterial  into  venous 
in  the  rest  of  the  l>ody,  and  what  relations  do  these  changea  in  the  blood 
bear  to  the  changes  in  the  air  which  we  have  already  Btudied  ? 


FlO.  133. 


DlAGBAMHATir   iLI-fBTBATIOK  OF  LVDWIO'S   MBHCtiRtAL  GA»-MJMP. 

A  und  B  are  two  cIbss  glabcs  connected  t)y  elrony  IndU-nibber  tubes,  a  KDd  b,  with  two  BtmlUir 
(fliuv  fclobcfi.  A'  and  B'.  A  !■  fYirthtir  connected  by  meitus  of  the  ■topcock  c  with  the  recover  C 
contHliitiig  the  blood  (or  other  fluid)  lo  be&nBl^xed,  und  B  by  muuM  of  the  itopcock  d  and  the  tube  e 
with  the  receiver  D  for  recelvlni;  the  gnaeft.  A  and  B  are  alM  connected  wtLh  each  other  by  meana 
of  the  stopcockn  /  and  {j,  IJie  Utter  being  to  armngod  that  B  aUo  (wmmnnlvalei  with  B'  by  the  pas- 
aage^'.  A' and  B*  beln^.'  full  of  mercury  And  the  cooks  Jb, /,  fr,  and  4  being  open,  but  c  and  j^  doeed, 
oo  raisin?  A'  by  moAtis  of  the  pfalley  p  the  mercury  of  A'  Allfl  A,  driving  out  the  air  contained  la  It 
into  B,  and  ho  out  thrt:)Ugb  '-.  When  the  mercury  ha»  rlicn  above  ff.fi*  closed,  and  ff'  being  opened, 
B'  Is  Id  turn  raiited  nnlll  IOb  cnmplctely  illlud  with  mercury,  all  the  air  previously  In  it  bdng  drtven 
out  through  f.  L  [on  cLooiug  cf  and  lowering  B'  the  whole  of  the  mercury  In  B  £bUb  lu  B%  and  a 
vaouum  oonacqueutly  Is e8tabll«bed  lu  B.  Ou  cIokIdc  y',  but  openlnR  jf,/,  and  k,  and  lowering  A', 
a  vacunm  ia  similarly  establlabed  in  A  nnd  in  the  Junction  between  A  and  B.  If  the  eock  c  be  now 
opentJd,  the  gases  of  the  blood  in  C  escape  Into  the  vscnum  of  A  and  B.  By  ralslDg  A'  after  ihe 
closare  of  c,  and  opening  of  r/,  the  gasei  so  set  free  are  driven  flrom  A  liila  B,  uud  by  the  laiaing  of 
B*  from  B,  thraogh  e  Into  the  receiver  U,  slandlnir  over  mercury. 


The  facta  that  venous  blood  at  once  Incomes  arterial  in  appearance  on 
being  exposed  to  or  ehakeu  up  with  air  or  oxygen,  and  that  arterial  blood 
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beoooies  venous  in  appearance  wheu  kept  lor  8oiue  little  time  in  a  closed 
rcael,  or  when  submitted  to  a  current  of  some  indifferent  gas  such  as  iiitro- 
gea  or  hydrogen,  prepare  us  for  the  statement  that  the  funduniental  differ- 
eooe  between  venous  and  arterial  blood  is  in  the  relative  projtortion  of  ihe 
nxjgea  and  carbonic  acid  gases  contained  in  each.  From  hoth  a.  certain 
(]uaotity  of  gas  can  be  extracted  by  mean»  which  ilu  not  (^iherwiae  materially 
ajler  the  constitution  of  the  blonti;  and  this  gas  when  obtained  irom  arterial 
blood  is  found  to  contain  more  oxygen  and  less  carbonic  acid  than  that 
obtained  from  venous  blood.  This  is  the  real  differential  character  in  the 
two  bloods;  all  other  differences  are  either,  as  we  shall  see  to  be  the  case 
with  the  color,  dependent  on  this  or  are  unimportant  and  fluctuating. 

If  the  quantity  of  gas  which  can  he  extracted  by  the  meretirial  air-pump 
fmm  100  volumes  of  blood  be  measure<^l  at  IT^  C.  aud  a  pressure  of  760  mm., 
it  is  found  to  amount  in  round  numbers  to  60  volumes. 

The  vacuum  produced  bv  the  orJinarj-  raechatiical  air-pump  i»  insuflQcient  to 
eitnct  all  the  gas  from  blood.  Hence  it  becomes  Dccessary  to  use  a  mercury 
pump  capable  of  producing  a  large  Torrioellian  vacuum.  In  the  form  of  mercu- 
ral  pump  which  tears  Ludwii^'s  name  (Fip.  132)  two  lar^e  globes  of  glass,  one 
tied  And  the  other  movable,  artt  conneotea  by  a  flexible  tube  ;  the  fixed  globe  is 
■idetocoraniunioatc  by  mciiriK  of  air-tight  stopcocks  altcmat:e1y  with  a  receiver 
oootaining  the  blood,  and  with  u  receiver  to  collect  the  pas.  When  the  movable 
dob*  filled  with  niereury  is  raised  above  the  fixed  one.  the  luercury  fruu  the 
fonaer  runs  into  and  completely  fills  the  latter,  the  air  previously  present  being 
^riren  out.  AAer  adjuMio^  the  cock !^,  the  movable  globe  is  then  depressed 
thtKy  inches  below  the  fixed  one,  in  wbich  the  connequent  fall  of  the  mercury 
pmdnoes  an  almost  eotnplote  vacuum.  By  turning  the  proper  cock  this  vacuum 
ii  put  into  oonncction  with  the  receiver  containing  the  blood,  which  thcrcuijon 
bcoomes  proportionately  exhausted.  By  again  adjusting  the  cocks  and  once  more 
(kratiog  the  movable  fflobe,  the  gas  thuA  extracted  is  driven  out  of  the  fixed 
(bbeinto  a  receiver,  line  vacuum  is  then  once  mure  et^tablighed  and  the  operation 
npttted  Bs  long  as  gas  continues  to  bo  given  oflT  from  the  blood. 

A  modified  torm  of  pump  working  on  the  same  principles  as  that  of  Lodwig, 
but  involving  the  use  of  only  one  globe  to  be  made  vacuous  and  one  movable 
fwerroir  for  mercury,  has  been  constructed  by  Pfliiger-  It  presents  several  advan- 
tHttover  the  one  just  described,  the  chief  being  that  [\)  non-delibrinatcd  blood 
Bsxbe  used  for  the  extraction  of  gases.  {Z}  the  vacuum  uito  which  the  eiu^es  are 
fvolved  ifl  large,  (3)  this  vacuum  is  kept  dry  by  being  connected  laterally  with  a 
^tienoas  chamber  containing  sulphuric  acid.  Ihe  details  of  its  construction  are, 
boirerer,compli(*ared.  and  the  ^eateat  care  is  required  in  its  use  to  avoid  breakage., 
Oflatcr  years  a  simplified  funn  of  pump  has  been  introduced  for  laboratory  work. 
It  wu  nnt  used  by  Un^hant  and  Paul  Bert,  and  U  now  frequently  called  an 
•Uvergaiat's  pamp,  from  the  name  of  its  present  maker.  Fig.  133  gives  a  diagram- 
matic rDpreseotation  of  its  construction. 

i  is  a  glass  bulb  some  five  inches  in  diameter^  blown  on  to  a  glass  tube  a  below 
wd  on  to  a  vertical  tube  h  above.  The  lower  end  of  a  is  connected  by  a  thick- 
•4llfd  India-rubber  tube  with  a  reservoir  for  mercury  B,  which  can  be  raised 
vtd  lowered  by  means  of  a  string  passing  over  a  pulley  c  The  vertical  t\tbe  6 
if  thickened  at  one  phue.  and  into  this  thickened  portion  a  three-way  tap  d  is 
BQOiid.  The  upper  end  of  b  is  prolonged  (above  the  three-way  tap)  into  a  fine 
piau  This  point  passes  by  a  tight  joint  tfarouuh  the  bottom  of  a  vesf^el  e,  which 
■B  be  partly  filled  with  mercury,  and  over  which  a  receiver/,  filled  with  mer- 
Wyfor  the  oolicction  of  the  gases,  can  be  inverted.  A  tube  ff  fused  on  laterally 
toODo  npenin?  of  the  three-way  tap  d  places  the  latter  tn  connection  with  a 
AJck-wafled  Woulff's  bottle  T' containing  a  layer  of  strong  sulphuric  acid.  The 
>^Qd  tubulure  of  this  bottle  is  similarly  connected  by  an  elastic  tube  with  the 
*>Hil  D,  into  whit-li  blotid  or  otiier  tiuid  uiay  be  incroduced  by  means  of  the  tap 
f  All  the  movable  joints  of  the  apparatus  are  protected  by  India-rubber  tubcMS 
lUo  which  Wrtier  can  be  t>oured.  ami  a  metal  casting  around  the  tap  d,  which 
fMf  alao  be  filled  with  water,  similarly  prevents  the  possibility  of  any  leakage 
Mn. 
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The  pump  is  used  a3  follows;  By  plaoinp  tlie  tap  </  in  the  position  sh<fl 
the  tigure  ami  ruifting  H,  tb«  bulb  .1  nuiy  ha  tilled  with  monniry  up  to  the  top. 
the  contained  air  being  cxpellcnl  tlirou^'h  iho  unpcM-  end  ol' i.  By  u  slight  turn 
of  the  ta]i  ali  coniieflion  betwt^en  -4  wnd  eithm-  the  tuhe.^orthe  up|>er  nart- of  i 
Tuay  be  cut  off,  and  on  luwerinc  /i  a  vacuum  is  cgtabli.'-Led  in  the  bull)  -4  and 
Tiart  of  the  tube  a.  A  may  uow  be  connected  by  the  (up  d  with  the  tube  r/,  and 
nence  with  C  ami  D,  and,  h  beinp  closed,  a  partial  vacuum  is  established  in  C 
and  D.  By  means  of  the  laji  d  the  air  in  A  may  be  cut  off  from  ff,  and  on  rais- 
ing  B  ami  placing  the  plug  of  dan  shown  in  the  figure  this  utr  tnay  be  expelled 
through  the  ui>i>er  end  of  ti.  By  slightly  lurnin^  d  uiid  lowering  B  a  vacuum  is 
again  cstabtti^heij  in  At  uud  ub  before  u  further  jinftiou  uf  uir  in  C  and  D  may  be 
allowed  to  pass  over  into  .4  and  the  vacuum  id  D  and  C  iaoreased.     In  this  way 


Fia.  laa. 


Diagram  op  Ai.vekoxiatS  Pntp. 

all  (he  air  in  V  can  be  extracted,  the  final  stages  being  facilitated  by  the  admis- 
sion of  a  little  water  into  D,  the  last  traces  of  air  beinir  driven  over  into  A  by 
the  rush  of  vapor  from  the  water.  A  known  volume  of  blood  having  been  col- 
lected over  mercury  in  a  small  lube  is  now  allowed  to  enter  D  through  the  tap  h 
and  yields  up  its  gases  to  the  vacuum.  A  repetition  of  the  processes  by  which 
the  air  in  D  was  originally  extracted  will  now  rcnjove  the  gases  which  have  been 
^ven  off  from  the  known  volume  of  blood,  the  only  difference  being  that  now 
the  tube  /  filled  with  mercury  is  inverted  in  the  trough  e  over  the  upper  end  of 
the  tube  b,  Tn  this  way  the  gases  originally  in  D  arc  not  allowed  to  escaj)e  into 
the  air,  as  was  the  case  when  the  apparatus  was  being  originally  made  vacuous. 
but  are  collected  in  /  for  subsequent  analysis.  During  the  extraction  of  the 
gases  from  the  blood  the  bulb  D  is  immersed  in  a  vessel  of  warm  water,  to  facilitate 
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l^czit  of  the  gasee  and,  by  causing  llic  fanuaUQn  of  large  quantities  of  aqueous 
Wpat.  to  sweep  the  gases  rapidly  over  into  A,  Tlii'  Hulphurii'  acid  chamber  cMries 
OMTacuam  before  toe  adujissiou  of  tlic  blood  into  D,  and  henoo  luakcs  it  luore 
pcrftfol  and  causes  the  most  cotiiplete  and  rapid  evolution  of  gade8  from  the  blood. 

The  average  composition  of  the  gas  thus  obtained  from  cacii  of  the  two 
kind*  of  blood  (the  arterial  blood  being  taken  from  a  large  artery,  and  the 
renous  blood  from  the  right  eide  of  the  heart)  ie,  st^t^d  in  round  numbers, 
u  follows : 

FWtD  100  Tola,  may  be  obtained — 

or  oxyifen.  Of  CArbnnlr  actd.  Of  nitrogen. 

Of  arterial  blootl,  20  vols.  4<J  vols.  1  to  2  vols. 

Of  venous  blood,  S  to  12  vols.  4G  vols.  ]  to  2  vols. 

AllnMsured  at  7(>0  mm.  and  0**  C. 

That  is  to  say,  venous  blood,  as  compared  with  arterial  blood,  contains 
Ui  1*2  per  cent,  leas  oxygen  and  *>  |>er  ceut  more  carbonic  acid.  It  must  be 
remembered,  however,  that  while  arterial  blood  from  whatever  arti^ry  taken 
btt  always  nearly  the  anme  proportion  of  gases,  or  at  all  events  the  same 
UDOuntof  oxygen,  the  amount  of  oxygen  iu  venous  blood,  even  when  taken 
frtwo  the  same  vein,  may  vary  a  good  deal,  wtill  more  bo  when  it  is  taken 
fton  different  veins.     The  reason  of  this  we  shall  see  hereafter. 

It  will  be  convenient  to  consider  the  relations  of  each  of  these  gases  sepa- 
ntcly. 

The  Relations  of  Oxygen  in  ike  Blood. 

§  344.  When  a  liquid  t)uch  as  water  is  exjiosed  to  iiu  atmosphere  contain- 
iogigas  such  as  oxygen,  some  of  the  oxygen  will  be  ditwolved  iti  the  water, 
tlkit  is  to  say,  will  be  absorbed  from  the  atmosphere.  The  quantity  which 
ilM)  abeorbed  will  depend  on  the  pressure  of  the  oxygen  in  the  atmosphere 
»bove;  the  greater  the  pressure  of  the  oxygen,  the  larger  the  amount  which 
vill  be  absorbed.  If  the  pressure  of  the  whole  atmosphere  remain  the  same, 
at  760  mm.  of  mercury  for  instance  (the  ordinary  atnifwpheric  pressure),  the 
pTMure  of  the  oxygen  may  be  increased  or  diminished  by  increasing  or 
dimiDishing  the  proportion  of  oxygen  in  the  atmosphere.  So  that  with  ail 
AtBKMphere  remaining  at  any  given  pressure  the  quantity  of  oxygen 
afavorbed  will  depend  on  the  quantity  present  in  that  atmosphere.  If.  on  the 
"(ber  hand,  water,  already  containing  a  good  deal  of  oxygen  dissolved  in 
it.  b«  exposed  to  an  atmosphere  containing  little  or  no  oxygen,  the  oxygen 
"ill  escape  from  the  water  into  the  atmcwphere.  The  oxygen,  in  fact,  which 
i>  (liasolved  in  the  water,  like  the  oxygen  in  the  atmosphere  above,  stands 
>t  t  certain  pressure,  the  amount  ot  pressure  depending  on  tlie  quantity 
diBolved;  and  when  water  containing  oxygen  didsolved  in  it  is  exposed  to 
ur  atmosphere,  the  result,  that  is,  whetner  the  oxygen  escapes  from  the 
*&t«r  into  the  atmosphere,  or  passes  from  the  atmosphere  into  the  water, 
*iepeflds  on  whether  the  pressure  of  the  oxygen  in  the  water  is  greater  or 
)e>ithan  the  pressure  of  the  oxygen  in  the  atmosphere.  Hence,  when  water 
ii  eipoeed  to  oxygen,  the  oxygen  either  est^apes  or  is  al)sorbed  until  e<piili- 
tttioia  is  establishe<i  between  the  pressure  of  the  oxygen  in  the  atmoephere 
^ve  and  the  pressure  of  the  oxygen  in  the  water  below.  This  result  is,  as 
^t»aere  absorption  and  escape  are  concerned,  quite  independent  of  what 
^r  gases  are  present  in  the  water  or  iu  the  atmoephere.  Suppose  a  half 
tiLrt!  of  water  was  lying  at  the  bottom  of  a  twu-Iitre  tlask,  and  that  the 
»ta»oephere  in  the  flusk  above  the  water  waa  one-third  oxygen  ;  it  would 
■tk«  no  diiferenoe.  as  far  as  the  absorption  of  oxygen  by  the  water  waa 
ftAttmed,  whether  the  remaining  two-thirds  of  the  atmosphere  was  car- 
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bonic  acid,  or  nitrogeu,  or  hvdrogeD.  or  whether  the  ipftoe  above  the  wal 
1VD8  a  vacuum  filled  to  one-tliinl  with  pure  oxygen.  Hence,  it  is  said 
thi»  absorption  of  any  gna  depends  on  the  p*trticl  pttj<*urr  of  that  jf«fl  in  ll 
atmoephere  to  which  the  liquid  is  exposed.  This  is  true  not  ouly  of  oxy^t 
and  water,  but  o1^  all  }^ascH  aud  )ii|uidB  which  do  not  enter  int^)  cheuiicat 
cumbioatiou  with  each  other.  DiHurcut  liquida  will,  of  cuume,  ab^irb  dif- 
ferent prases  with  diUering  readinesti;  hut,  with  the  Hanie  gae  and  the  nEu« 
Ii4{uid,  the  amount  absorbed  will  de|>end  diroctiv  on  the  partial  pretture  of 
the  gas  in  the  overlying  space.  It  snould  be  added  that  tne  pnxren  is  touch 
iuHuenced  by  temperature.  Hence,  to  state  the  matter  genenilly,  the  ab- 
sorption of  any  gas  by  any  liquid  will  de})end  on  the  nature  of  ilJe  gan.  ih« 
nature  of  the  liquid^  the  pressure  of  the  gas,  and  the  temperature  al  wbirb 
both  stand. 

Now  it  might  be  supposed,  and  indeed  was  once  supposed,  that  tbe  oxyg<etk 
in  the  blood  was  simply  dissolved  by  the  blood.  If  this  were  so,  then  the 
amount  of  oxvgcn  present  in  any  given  quantity  of  blood  ex[x«ed  to  any 
given  atmosphere,  ought  to  rise  and  fall  steadily  and  regularly  ila  the  par- 
tial prcftaure  of  oxygen  in  that  atmosphere  is  increase*!  or  diminished ;  the 
absorption  (or  esca{)e)  of  oxygen  ought  to  follow  what  is  kuown  as  the 
Heur>'-Dalton  law  of  pressures.  But  this  is  found  not  to  be  the  osM.  If 
we  expo;^  bliMid  omitainiug  little  or  no  oxygon  to  a  succession  of  atmospberw 
contaiuing  increasing  quantities  of  oxygen,  we  find  that  at  tirst  there  is  a 
very  rapid  absorption  of  the  available  oxygen,  and  then  this  somewhat  Mid* 
donly  c^*^*ea  or  necomes  very  small;  and.  if  on  the  other  hand  we  submit 
arterial  blood  to  succoesivelv  diminishing  preB.-«urot<,  we  lind  that  for  a  long 
time  very  little  oxygen  is  given  otf'.  and  then  suddenly  the  escape  beoomea 
Tery  rapid.  The  abisorption  of  oxygen  by  blood  does  not  follow  the  general 
law  of  alworption  accoraing  to  pressure.  The  phenomena  on  the  other  hand 
suggest  thu  idea  that  the  oxygen  in  the  bUKKl  is  in  some  particular  ooxnbi- 
nation  with  a  substance  or  some  sulmtauces  present  in  tbe  olood,  the  oombi' 
nation  In-Mug  of  such  a  kind  that  it  holdt*  gtVHi  during  a  lowering  of  pi 
down  to  a  certain  limit,  and  that  thun  tlissiK'iatiou  readily  (K'curs ;  we  maj 
add  that  this  limit  is  very  closely  dependent  on  temperature.  It  k,  huw* 
ever»  not  t«  be  ."upposed  that  as  the  pressure  is  lowered,  no  oxygen  what* 
ever  is  given  otl*  from  the  substance  until  a  certain  point  is  reached,  and 
that  at  that  |»oint  the  whole  store  is  in  an  instant  dii«o<'iated,  no  roivi 
remaining  to  be  given  off  The  case  is  nither  that  while  pressure  is  bail 
lowered  down  to  a  cerUiin  point,  no  appreciable  disiiociHtion  takes  place,  ai 
that  then  having  bcgtin  it  increases  rapidly  with  each  further  lowering  ol 
pressure  until  the  whole  of  the  oxygen  is  given  off.  During  the  narmw 
range,  between  the  first  beginning  to  give  oH  oxygen  and  the  completii>D  of 
the  giving  oO,  the  compound  of  the  oxygen  with  tne  substance  or  nubscauces 
nay  be  spoken  of  as  partly,  that  u  more  or  less,  diasociated.  What  is  tbe 
Bubetanoe  or  what  are  the  substances  with  which  the  oxygen  ia  thu 
liarly  combined? 

If  serum  free  from  red  corpuscles  be  used  in  such  absorption  experiineatt.' 
it  is  found  that,  as  compared  with  the  entire  blood,  very  little  oxygen  b 
.nhaorbed,  about  as  much  af*  would  be  absorbed  by  the  mme  quantity  of 
water;  and  such  as  is  abeorbed  dr>es  follow  the  law  of  preasure.  In  natural 
arterial  bloo^l  the  quantity  nf  oxygen  which  can  be  obtnineil  from  serum  k» 
excit*iliugly  email ;  it  dtxs  not  amount  to  half  a  vnlumr  tu  one  hundrvd 
volumes  of  the  entire  blood  to  which  the  serum  belonged.  It  b  evidaai 
that  the  oxygt*n  which  is  present  in  hhytA  is  in  Hotni*  w-av  or  other  perulbrly 
cmnecttHi  with  the  red  corpu^les.     Now,  the  ilislinguishrd  feature  of 


irpuf 
red  corpuscles  is  the  presence  of  h%m<»globiu. 


iguish 
Wo  have  already 
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that  this  constittiteB  90  jwr  cent,  of  the  dried  red  corpuscles.  There  can  be 
ii priori  little  doubt  that  tins  must  be  the  substance  with  which  the  oxygen 
ii  MBociated,  and  to  the  propertiea  of  this  body  we  must  therefore  direct 
uor  attention. 

$345.  Haemoglobin,  When  separated  from  the  other  constitueuts  of  the 
KTum,  hsmoglobio  ap|}ears  as  it  subetance.  either  amorphoua  or  cr3'stalline, 
readily  aoluble  in  water  (especially  in  warm  water)  and  in  serum. 

Since  haDmoRlobio  is  soluble  in  Kcrutu,  and  since  the  identity  of  the  crystals 
obterved  occasioaBlly  within  the  corpuscles  with  thoi^e  obtained  in  other  ways 
■how9  that  the  hiinnoglobin  a»  it  exisrs  in  the  corpu.sf^le  is  the  sunie  thin^  as  that 
which  ii  artificially  prepared  from  blood,  it  is  evident  that  some  peculiar  relation- 
thip  between  the  stroniii  and  the  h.i'iuDglobin  nnist.  in  nntural  blood,  keep  the 
htttrffuui  being  ilisHilveil  by  t!ie  sieruni.  Hence^  in  prcpiirinif  hjctnuplobin  it  is 
DMnnry  6n^  of  all  to  break  up  this  connection  and  to  set  the  h<f  moKlobin  free 
from  the  corpuscles.  This  tuuy  be  done  by  the  addition  of  water,  of  ether,  of 
chlorofomi,  and  of  bile-salts,  or  by  repeatedly  freez.inK  and  thnwinj;  ;  blood  so 
tmted  becomes  "laky"  {cj.  ^  *J4).  Tt  is  also  of  advantaf^e  previoualv  t^  remove 
the  alkaline  serum  as  much  as  p(K«aible.  so  as  to  operate  only  on  the  re«f  corpuscles. 
The  stroma  and  hiL*mojrlubin  bein^  thus  tseparatcd,  a  solution  of  hrenm^lobin  is 
the  reeaU.  Tlju  alkalinity  of  the  Bulution.  when  present,  beiu;*  reduiTd  by  the 
ciutious  additions  of  dilute  acetic  aeid,  and  the  solvent  power  of  the  aqueous 
medium  beinir  diminished  by  the  addition  nf  one-fourth  it.n  bulk  of  alcohul.  the 
mixtare,  set  aside  in  a  temperature  of  0°  0-  in  order  still  furtbfr  to  reduce  the 
wlubility  of  the  haimo>5lobin.  readily  cry.malliztis.  when  tlui  blood  m^i'd  i.s  that  of 
the  do^,  (>at,  horse,  rat.  ^uinea-pi^^  etc.  In  the  ease  of  the  doi^,  indeed,  it  is 
*ioiI'Iv  sufficient  to  add  ether  carefully  U>  the  blood  until  it  just  becomes  "laky," 
aod  then  to  let  it  stand  in  a  cool  place ;  the  mixture  soon  becomes  a  mass  of 
erjatils.  The  crystals  may  be  separated  by  filtration,  redissolved  in  water,  and 
w^cryntalliied. 

Hsraoglohin  from  the  hloiid  of  the  rat,  gainea-pip,  squirrel,  hedgehog, 
horse,  cat,  dog,  goose,  and  some  other  animals,  crystallizes  readily,  the  crys- 
tal* being  generally  slender,  four-sided  prisms  belonging  to  the  rhomliio 
<)niCem   and    often    apiiearing    quite 

Micalar.    [Figs.  134,  13o.  13^]    The  tFm.  i.34. 

ttyatals  from  the  bliiod  of  the  guinea- 
pig  are  octahetlral,  but  also  belong  to 
ihe  rhombic  system ;  those  of  the 
•Muirrel  are  six-sided  plate**.  The 
hl'»d  of  the  ox,  sheep,  rabbit,  pifr. 
and  man  crystallizes  with  diffinulty. 
Why  these  ilitlerences  exist  is  m)t 
knovn;  but  the  composition  and  the 
amount  of  water  of  crystal  lizntion  vary 
•MDewhat  iu  the  crystals  obtained  from 
£fltrent  animals.  In  the  dog  the 
percentage  compositi-tn  of  the  crys- 
Uls  has  been  <lctermiucd  as  C.  53.85, 
H.T.3">.  N.  16.17,  0.  'il.H4,  S.  0.39, 
Fe.  0.43,  with  3  to  4  \^v  cent,  of  water 

"J^  oysialli/Jilion.      It   will    thus    be         Tim:ABat.iiAL  from  blood  or  thk  Pio.l 
Mn   that    haemoglobin    contains,  in 

•dditiou  to  the  other  elements  usually  present  in  protoid  substances,  a 
WHill  Amount  of  iron  ;  that  is  to  say,  the  element  iron  is  a  distinct  part  of 

(linBOglobiu  molecule,  a  fact  which  of  itself  renders  hfemoglobin  remark- 
•kleamon^'  the  chemica'  substances  present  in  the  animal  body. 

i  346.  The  crystals  when  seen  iu  a  sutliciently  thick  layer  under  the  uiicro- 
*Mpe  have  the  same  bright  scarlet  color  as  arterial  blood  has  to  the  naked 
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eye ;  when  seen  in  a  masa  they  naturally  api)ear  darker.  An  aqueous  sohition 
of  h:enioglol)iar  obtaiuc<i  by  Uissolvhi^  jmnfied  crv.K^taU  in  clistitleti  wator.  hu 
also  the  same  bright  arterial  color.  A  tolerably  dilute  solution  placed  belore 
the  8pet'tnx*cope  is  found  to  absorb  certain  ruve  of  light  in  a  ]>oculiar  and 
(iharacieriatic  manner.    A  portion  of  the  red  eu(f  of  the  spectrum  is  absorbed. 


[PlQ.  US; 


(Pio.  tM. 


IIkxaoo?(al  CarwTAUt  ntox  Blood  or  8urriuiBu 
<>n  Umm  ilx-cldfid  (lUta,  prl«in«Uc  cxTitftto. 
irrouiwd  in  A  «t«llahi  inamiflr.  Doi  Infrequently 
ooc«T.    < After  Kunkk.)] 
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■0  is  ftlao  a  much  larger  portion  of  the  blue  end ;  but  what  is  most  striking 
is  the  preaenoe  of  two  strongly  marked  absorption  bands,  lying  between  the 
■ol&r  lines  D  and  £.  (^fee  Vig.  137.}  Of  these  the  one  toward  the  red 
nde,  sometimes  spoken  of  as  the  hand  (Vr),  is  the  thinnest,  but  the  mofft 
intense,  and  in  extremely  dilute  solutions  (Fig.  137.  1)  is  the  «jnty  on^ 
visible;   it^  middle  lies  at  some  little  distance  to  the  blue  side  of  />.     lu 

Sositiiin  may  l>e  more  exactly  defined  by  expressing  it  in  wave-lengths.  As 
well  known,  the  rays  of  li^lit  whicli  maLe  up  the  spectrum  diner  in 
length  of  their  waves,  diminishing  from  the  rod  end.  where  the  wave*  ars^l 
longest,  to  the  blue  end,  where  they  are  shortest.  Thu9.  Frauenhofer's  line 
D  corresptuds  to  rays  having  a  wave-length  of  589.4  millionths  of  a  milli«j 
metre.  Using  the  same  unit,  the  centre  of  this  absorption  band.  a.  of  Yxttaa 
,glf>bin  corrcs|>onds  to  the  wave-length  578;  as  may  be  seen  in  Fig.  137. 
where,  however,  the  numbers  of  the  divisions  of  the  scale  indicate  ualy 
100,1)00  of  a  millimetre.  The  other,  sometimes  called  ^,  much  broader,  li 
a  little  to  the  red  side  of  Et  ita  blueward  edge,  even  in  moderately  dilnl 
sidiiliouft  (Fig.  I'i7,  2),  coming  close  up  to  that  line  ;  its  centre  c<irrrtpon< 
t(>  about  wave-length  5:>0.  Each  band  is  thickes^t  in  the  middle  and  grada^ 
ally  thins  away  at  the  edges.  These  two  absorption  bands  are  extremely 
chiirurtcristic  of  a  solution  of  hiomoglohin.  Even  in  very  dilute  polutioi 
both  bands  are  visible  (they  may  be  seen  in  a  thickness  uf  1  cm.  in  ■  soli 
tion  containing  1  grm.  of  haemoglobin  in  10  litres  of  water\  and  that  whi 
scarcely  any  of  the  extreme  red  eud  and  very  little  of  the  blue  end  is  cut 
off.  Tner  then  ap|>car  not  only  faint  but  narrow.  As  the  strength  of  tbr 
solution  18  increased  the  bands  broaden  and  become  more  intense  ;  at  tbv 
same  time  bcfth  the  re<l  end,  and  still  more  the  blue  end,  of  the  nbole  sps^j 
trum  are  encroached  upon  (Fig.  137, 1)).  This  may  go  on  until  the  ii 
■Absorption  bands  becomu  fu«od  together  into  one  broud  band  (Fig.  187,4)? 


tntenu  or  Oxr-axsicxiijOBiN   in   diffkbunt  uuadu  of  l'onckntkatio^.  or  vbkuuckd) 

BjtMOabOBIH,  AND  or  CARDONIC-OXlI)E-H.KMO0U)Ht.^.     (Aflcr  PUKVUK  »Uil  GaXQEE.) 

t  to  i  iDlaUun  ofoxjr-tuemoglobln  conudnlog— :i)  leia  than  0.ul  per  Ottnt..  (S)  OJM  per  eeot.,  (S)  DJt7 
M^cmt,.  Ill 0>  jtrr cent. 

l^atsUou  of  (.roluved)  bauuoKlubiii  ouut&lntag  ■.bout  0.3  per  cent 

%     «        ••  carboale  oxlne-bcimoglnhtn. 

1b  «Hib  of  tbe  dx  cue«  tbc  layer  brought  before  th?  M)w*'^)«*?"pt>  ^""  1  <7™'  1°  flrtcHw.  Tba 
*Oin  U,  a,  etoj  Indlmte  Frnueahurf  r's  Uiie*,  niul  tliu  O^tuK*  wiTc-loiiKtb*  exprevad  In  MMWOUm 
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The  only  rays  of  liglit  which  then  pass  throuph  the  hiBraogh)hiri  soluBoo 
are  those  in  the  green  between  the  blucward  edge  of  the  united  hnnris  and 
the  general  absorption,  which  is  now  rapidly  advancing  from  the  blue  end. 
and  tho6e  in  the  red  between  the  united  baud^  and  the  general  abfjorptioa  at 
the  red  cud.  If  the  solution  be  atill  further  increased  in  strength,  the  int4-r- 
val  on  the  blue  side  of  the  united  bands  becomes  absorbed  also,  so  that  the 
only  rays  which  pass  through  are  ihc  red  rays  lying  to  the  red  side  of  />; 
these  are  the  last  to  disappear,  and  lience  the  natural  red  color  of  the  solu- 
tion aaseen  by  transmitted  light.  Exactly  the  same  appearanon  are  nan 
when  crystals  of  hiemoglobin  are  examined  with  a  inicro-spectrofloope.  They 
are  also  seen  when  arterial  bIot>d  itself  (dilute'!  with  saline  solutions,  so  that 
the  corpuscles  remain  in  as  natural  a  oondttiou  as  poasible)  is  examined  with 
the  spectroacope,  as  well  as  when  a  drop  of  blood,  which  from  the  neceMary 
exposure  to  air  i;^  always  arterial,  i:*  examined  with  the  micro-spectroecoM. 
In  fact,  the  spectrum  of  lucmogiohin  ia  the  .*pectrura  of  normal  arterial 
blood. 

^  347.  When  crystals  of  hasmoglnbin.  prepared  in  the  way  described  above, 
are  subjected  to  the  vacuum  of  the  mercurial  air-pump,  they  give  off  a  certain 
quantity  of  oxygen,  and  nt  the  same  time  they  change  in  color.  The  tpiantJty 
of  oxygen  given  off  is  definite,  1  grm.  of  the  erystaU  giving  off  l,o9  o  c. 
of  oxygen  measured  at  7B0  mm.  Hg.  and  0*^  C.  fn  other  wonla,  the  crystal* 
of  hfljmoglohin,  over  and  above  the  oxygen  which  enters  intimately  into  the 
composition  of  the  molecule  (and  which  alone  is  given  in  the  elementary 
composition  previously  stated),  contain  another  quantity  of  oxygen,  which  is 
in  loose  combination  only,  and  which  may  be  dissociated  from  tnem  by  sub- 
jecting them  to  a  sufficiently  low  pressure.  The  change  of  color  which 
ensues  when  this  loosely  combined  t)xygen  is  removed,  is  characteristic;  ihc 
crystals  become  darker  and  more  of  a  purple  hue,  and  at  the  same  time 
dichroic.  so  that  while  the  thicker  ridf^es  are  purple,  the  thin  edges  appear 
greeniifh. 

An  ordinary  solution  of  hieiuoglubin.  like  the  crystals  from  which  it  m 
formed,  contains  a  definite  quantiiy  of  oxygen  in  a  similarly  peculiar  looae 
combination  ;  thie<  oxygen  it  also  gives  up  when  subjected  in  the  air-pump  to 
sufficiently  low  pressure,  becoming  at  the  same  time  of  a  purplish  hue.  Thb 
loosely  combined  oxygen  may  also  Im*  removed  by  passing  a  atnam  of 
hydrogen  or  other  indifferent  gas  through  the  solution;  the  stream  of 
hydrogen  acts  like  an  oxygen-vacuum  to  the  h:emoglobin  and  thus  diaasto- 
ciation  is  effected.  CarlNmic  acid  gas  is  unsuitable  for  this  pur|K]e<.»incc.  oa 
we  shall  are.  being  an  acid  it  acts  in  another  way  on  the  hasraoglobin.  The 
oxygen  may  aU(»  be  remove*)  from  the  haemoglobin  not  only  bv  phy»ioal  but 
alao  by  chemical  means,  as  by  the  use  of  retlucing  agents.  Thus  11  a  few 
dropA  of  ammonium  itulphide  or  of  an  alkaline  .solution  of  ferrous  sulphata, 
kept  from  precipitation  by  the  presence  of  tartaric  acid,  be  added  to  a  *ilu- 
tion  of  hGemoglot>in,  or  even  to  an  unpurifiod  solution  of  blood  corpnaoftov 
such  as  is  afforded  by  the  washings  from  a  blood-rint,  the  oxygen  in  loots 
combination  with  the  hiemoglobin  is  immediately  »••  m  by  the  reduc^H 

agent.     Thin  may  be  recognized  at  once  by  the  chai  ohaoge  of  colofl 

from  a  bright  t>carlet  the  solution  becometi  of  a  purplivh-claret  color,  when 
seen  in  any  thicknosd.  hut  grecni^ih  when  ^ufficientlv  thin;  the  color  of  Uw 
reduced  solution  a  exactly  like  that  of  the  crystals  from  which  the  loose 
oxygen  has  brtni  removeil  by  the  air-pump. 

Examinei]  by  tht*  H|>ectn>9co)>e.  thin  rf<lured  solution,  or  solution  of  rsi/iic^ 
hcemofflobin,  as  wr  may  now  call  it,  offers  a  spectrum  (Fig.  137,  h)  rwt  dif- 
ferent from  that  of  the  unre<luced  solution.  The  two  absorption  baiid«Uave 
disappeared,  and  in  their  place  there  is  seen  a  single,  much  broader,  but  at 
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Uw  Mme  time  much  fainter  band,  whose  middle  occupies  a  position  about 
midwiv  between  the  two  absorption  bauds  of  the  unreduced  solution,  though 
th«reaward  edge  of  the  band  shadeu  nway  rather  further  toward  the  red 
than  doee  the  other  edge  toward  the  blue;  ite  centre  corresponds  to  about 
wive  length  55o.  At  the  same  time  the  general  absorption  of  the  spectrum 
if  different  from  that  of  the  unreduced  solution ;  less  of  the  blue  end  is 
ftbsorbed.  Even  when  the  solutions  t>cconie  tolerably  concentrated,  many  of 
the  bluish-green  rays  to  the  blue  side  of  the  single  band  i»till  pass  through. 
Hooe  the  difterence  in  color  between  h:emutrlobin  which  retains  the  loosely 
oofflbiDeti  oxygen,'  and  hicmuglobin  whioh  baa  lost  its  oxyi^en  and  become 
reduced.  In  tolenibly  concentrated  solutions,  or  tolerably  thick  layers,  the 
former  let*  through  the  red  and  the  orange-yellow  rays,  the  latter  the  re<l 
and  the  bluish-green  raya.  Accordingly,  the  one  appears  scarlet,  the  other 
purple.  In  dilute  solulioue,  or  in  a  thin  layer,  the  re<luced  hiemoglobin  lets 
ihrou^fh  ao  much  of  the  green  rays  that  they  preponderate  over  the  red,  and 
the  resulting  impression  is  one  of  green.  In  the  unreduced  hxmoglobin  or 
i)X,T-hu:moglobiu,  the  potent  yellow  which  is  blocked  out  in  the  reduced 
beuoglobin  makes  itaelf  felt,  so  that  a  very  thin  layer  of  oxy-hEeinoglobin, 
M  in  a  single  corpuscle  seen  under  the  microscope,  ap[>ears  yellow  rather 
ihio  red. 

It  mast  be  remembered  that  when  we  speak  of  reduced  hiemoglobin  (or 

Bare  briefly  htemoglobin),  with  a  purple  color  and  a  characteristic  one-bauded 

ipeoUam.  we  mean  haemoglobin  which  has  lost   aU    its   loosely  associated 

oxygen.     If  a  quantity  of  oxy-htuuioglobiu  be  exptjsed  to  an  insufficiently 

low  preaeure,  or  to  the  action  of  an  iusutlicient  quantity  of  the  reducing 

ftctioD.  it  givee  up  a  part  only  of  its  oxygen ;    it  is  only  partly  reduced. 

Siich  a  partly  reduced  solution  still  Bhuws  the  two  bands  of  oxy-hiemoglobin. 

§348.  When   the  hiemoglobin  solution   (or  crystal),  which   has  hjst  its 

iiygen  by  the  action  eillier  of  the  air-pump  or  of  a  reduciug  agent  or  by  the 

puiage  of  an  indifferent  gas,  is  exposed  to  air  containing  oxygen,  an  absorp- 

lioa  of  oxygen  at  once  takes  place.     If  sufficient  oxygen  be  present,  the 

hamglobin  seizes  upon  su^cient  oxygen  to  obt-nin  its  full  complement,  each 

^lUnme    taking   up  in  combination    1.59  c.c.  of  oxygen;    if  there  be  an 

lOMfficieut  quantity  of  oxygen  the  biemoglobiu  still  remains  partly  reduced  ; 

or  perhaps  we  may  say  that  a  pan  only  of  the  hiemoglobin  get^  its  allowance 

while  the  remainder  continues  reduced.     If  the  amount  of  oxygen  be  suffi- 

cic&t,the  solution  (or  crystal),  as  it  takes  up  the  oxygen,  regains  its  bright 

nriet  color  and  its  characteristic  absorption  s|iectrum,  the  single  bund  being 

'Spliced  by  the  two.     Thus  if  a  solution  of  oxy-hieraoglobin  in  a  test-tube, 

*fter  being  reduced  by  the  action  of  a  drop  or  two  of  ammonium  sulphide 

hjlutinn  and  thus  showing  the  purple  color  and  the  single  band,  be  shaken 

up  vith  air,  the  bright  scarlet  color  at  once  returns,  and  when  the  fluid  is 

ptod  before  the  spectroscope,  it  is  seen  that  the  single  faint  bmad  band  of 

tW  reduced  luemoglobin  has  wholly  di8api>eared,  and  that  in  its  place  are 

Ike  two  sharp  thinner  bands  of  the  oxy-hrenioglobin.     If  left  to  stand  in  the 

tM*tube  the  quantity  of  reducing  agent  still  present  is  generally  sufficient 

KKiin  to  rob  the  hiemoglobin  of  the  oxygen  thus  newly  acquired,  and  soon 

(beicarlet  hue  fades  back  again  into  the  purple,  the  two  bands  giving  place 

(ulbeone.     Another  shake  and  exposure  to  air  will,  however,  again  bring 

t»ck  the  scarlet  hue  and  the  two  bands;  and  once  more  these  may  disapi»ear. 

In  fact,  a  few  dro|)s  of  the  reducing  fluid  will  allow  this  game  of  hiemoglobin 

t»king  oxygen  from  the  air  and  giving  it  up  to  the  reducer  to  be  played  over 
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and  over  ngain ;  at  each  turn  of  the  game  the  color  shifVa  from  scarlet  K^ 
jjtirple,  and  from  purple  to  scarlet,  while  the  two  bands  exchange  for  the  oofl 
and  the  one  for  the  two.  ^ 

§  349.  Cohr  of  vetwHH  and  arterial  blood.  Evidently  we  have  in  three 
pro{)erlie8  of  hu^nio^loblin  an  explanation  of  at  leaat  one-half  of  the  gmU 
respiratory  proceen,  and  ihey  teach  us  the  meaning  of  the  change  of  color 
which  takes  place  when  venous  blood  becomes  arterial  or  arterial  renoua. 

In  venous  blond,  as  it  issues  from  the  right  ventricle,  the  oxygen  prve&t 
b  insufficient  to  satisfy  wholly  the  hicmoglobiu  of  the  red  coq*u»clei;  the 
hzemoglobiu  is^  to  a  large  extent,  reduced,  hence  the  purple  color  of  venooa 
blood.     When  ordinary  venous  bbxid,  diluted  without  access  of  oxygen,  is 
brought  before  the  spectroscope,  the  two  bands  of  oxy-bsemoglobin  arp  seen. 
Thia  is  explained   by  the  ftcl  that  in  partly  rcduce<i   hirmnglnbin,  which  we 
may  conveniently  regard  as  a  mixture  ot  oxy-hiemuglobin  and   (rviluc««d} 
haemoglobin,  the  two  sharp    bands  of   the    former  are  always  much  moiil 
readily  seen  than  the  much  fainter  band  of  the  latter.     Now  in  ordinal^ 
venous  blood  there  is  always  some  loose  oxygen,  removable  by  diminiabea 
pressure  or  otherwise ;  the  hemoglobin  is  only  partly  reduced,  there  is  atvrari 
some,  indeed  a  considerable  quantity,  of  oxy-biemoglobin  as  well  as  (reduced) 
hemoglobin.     It  is  only  under  8(H.*cia]  circumstanceei,  as,  for  itistanoe,  after 
death  by  what  we  shall  presently  speak  of  as  asphyxia,  that  all  the  looae 
oxygen  of  the  blood  disappears ;  and  then  the  two  bands  of  oxy-hamocWbiM 
vanish  too.     If  even  only  a  small  iiuantity  of  oxygen  be  proeent,  m  diitiaM 
are  the  two  bands  that  a  solution  of  completely  reduced  hiemoglobiii  may  b# 
used  as  a  teat  for  the  presence  of  oxygen  ;  if  oxygen  be  present  in  any  tiutd 
to  which  ihe  redueea  haemoglobin  is  added,  the  single  band  immeiiai«ly 
gives  way  to  the  two  bands  of  oxy-h«moglobin. 

Aa  the  venous  bloml  pa>«e8  thnnigh  the  capillaries  of  the  lungs,  tliis 
reduced  haemoglobin  takes  from  the  pulmonary  air  its  complement  nf  nxjgifOt 
all  or  nearly  all  the  hicooglobin  of  the  red  corpuscles  becomes  oxy-fajsoio- 
globin,  and  the  purple  color  forthwith  shiils  into  scarlet.  For  c»r«ful 
observations  show  that  the  biemoglobin  of  arterial  blood  is  saturated  or 
nearly  saturated  with  oxygen  ;  it  probahlv  falls  short  of  complete  mturatioo 
bv  about  1  vol.  of  oxygen  in  100  vols,  of  hlood.  By  increasing  the  pressure 
ot  the  oxygen,  an  additional  quantity  may  be  driven  into  the  blood,  bat  thih, 
after  the  haemoglobin  has  become  completely  saturated,  is  ejected  by  idiiiple 
absorption.  The  quantity  S4>  adde<l  is  extremely  small  compaird  with  the 
total  quantity  combined  with  the  hirmoglobin. 

Paasing  from  the  lefl  ventricle  to  the  capillaries  of  the  tissoes  tli«  oxy^> 
hnsmoglouin  gives  up  some  of  its  oxygen  to  the  tissues,  becoming,  ia  pait» 
reduced  hiemoglobin,  and  the  blood  in  consequence  becomes  onoe  mors 
Tenouti,  with  a  purple  hue.  Thus  the  red  corpuscles  by  virtue  of  tlieir 
biemoglobin  art*  etiiphaiically  oxygou  carriers.  Undergoing  no  mtriMSff 
change  in  itHolf,  ihe  h:enioglobiu  combine*  in  the  lungs  with  oxrrai*  whidh 
it  carries  to  the  tissues ;  these,  more  greedy  of  oxygen  than  itself,  rob  it  of 
its  charge,  and  the  nxluced  hiemoglobiu  hurrice  back  to  the  luD^  in  tbe 
venous  bltMKl  fur  another  }Kjrtiun.  The  change  from  venous  to  arterial  btf«id 
is  then  in  part  (for  as  we  shall  see  there  are  other  events  as  welti  a  peeuliAr 
oombinatiou  of  lurmoglnbin  with  oxvgen.  while  the  change  from  arterial  to 
vejiouB  is,  in  [uirt  als^t,  a  nnliiction  of  oxy-hicmoglobin;  and  the  diilemic«  vf 
c<»kir  l>etwet.*n  vmniiit  nnd  artt^rial  bIu<Ml  deju'DiU  almi»^  entirely  on  ihe  fart 
that  the  n^luct'd  ltu*mi>gli>hin  of  the  former  ht  of  purple  color,  while  tkw 
oxv-hfl-moglohin  n(  tiic  latter  in  ()f  a  scarlet  color. 

'fherc  may  be  other  cntises  of  the  change  of  color,  hut  thrse  are  wholly 
subsidiary  and  uuimportiuit.     When  a  corpuscle  swells,  ita  refractive  power 
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iiduDioiBhed,  and  in  cijnseqiience  the  number  of  rays  which  pass  into  and 
Ulftbaorbed  by  it  are  increased  at  the  expense  of  those  reflected  from  its 
nr&oe :  anything  therefore  wliich  HwelU  the  corpuscles,  eiich  as  the  additiou 
(if  vaier,  tends  to  darkeji  blood,  and  anything,  such  as  a  concentrated  saline 
tolutioD,  which  causes  the  corpuscles  to  shrink^  tends  to  brighten  blood. 
Carbonic  acid  has  apf>areutly  some  influence  iu  swelling  the  corpuscles,  and 
therefore  may  aid  in  darkening:  the  venous  blood. 

1 350.  We  have  spoken  of  the  combination  of  hiemoglobin  with  oxygen 
being  a  peculiar  one.  Thi^  pctiilinrity  consists  in  the  liactsi  that  the  oxygen 
mar  be  associated  and  dissociated,  without  any  general  disturbance  of  the 
molecule  of  hwmoglnbin,  and  tliat  dis8ocintion  niav  be  brought  about  very 
rttdily.  Haemoglobin  combines  in  a  whtilly  aimdar  manner  with  other 
sua.  If  carbonic  oxide  (monoxide!  be  parsed  through  a  solution  of 
MEmoglobin,  a  change  of  color  takes  place,  a  peculiar  bluish  tiuge  making 
its  appearance.  At  the  same  time  the  spectrum  is  altered;  two  bands  are- 
still  visible,  but  on  accurate  measurement  it  is  Been  that  they  are  placed  more 
toward  the  blue  end  than  are  the  otherwise  aimilnr  hands  of  oxy-niemoglobin 
{t»  Fig.  137,6);  their  centres  corresponding  re8i>ectively  to  about  wave- 
Ingths  572  and  633,  while  those  of  nxy-hsemoglohm,  as  we  have  seen,  corre- 
ipoDd  to  578  and  539.  When  a  known  (juantity  of  carbonic  oxide  gas  is 
idDt  through  a  haemoglobin  solution,  it  will  be  found  on  examination  that  a 
certain  amount  of  the  gas  has  been  retained,  an  equal  volume  of  oxygen  ap- 
pearing in  its  place  in  the  gas  which  issues  from  the  solution.  If  the  solution 
ao  treated  be  crystallize*!,  the  crystals  will  have  the  same  characteristic  color, 
utd  give  the  same  absttrption  spectrum  as  the  solution;  when  subjected  to 
the  action  of  the  mercurial  pump,  thev  will  ^ive  off  a  detiuite  quantity  of 
carlmnic  oxide,  1  gramme  of  tne  crystals  yielding  l,f>0  c.c.  of  the  gas.  In 
(act,  hn?moglobin  combines  )o(j8ely  with  curlxjnic  oxide  just  as  it  does  with 
<»irgen ;  but  its  affinity  with  the  former  Ls  greater  than  with  the  latter. 
While  carbonic  oxide  readily  turns  out  oxygen,  oxygen  cannot  so  readily 
turn  oQt  carbonic  oxide.  Indeed,  carbonic  oxide  has  been  used  as  a  means 
uf  drivine  out  and  measuring  the  quantity  of  oxygen  present  in  any  given 
This  property  of  carbonic  oxide  explains  its  poisonous  nature, 
the  gas  i^  breathed,  the  reduce*!  and  the  unreduced  hiemoglobin  of  the 
blood  unite  with  the  carbonic  oxide,  and  hence  the  peculiar,  bright 
(Wrj-red  color  observabk'  iu  the  bliKMl  and  tissues  in  coiies  of  poisoning  by 
liiigas.  The  carbonic  oxide  haemoglobin,  however,  is  of  no  use  in  respira- 
tion; it  is  not  an  oxygen-carrier,  nay  more,  it  will  not  readily,  though  it 
doaao  slowly  and  eventually,  give  up  its  carbonic  oxide  for  oxygen,  when 
lb  poisonous  gas  ceases  to  enter  the  chest  and  is  replaced  by  pure  air.  The 
orgaaisra  is  kiile<l  by  sutlbcatiou,  by  want  of  oxygen,  in  spite  of  the  blood 
Dot  aaauming  any  dark  venous  color ;  to  adopt  a  phrase  which  has  been  used, 
iW  torpuscles  are  paralyzed, 

Hiemoglobin  similarly  forms  a  compound,  having  a  characteristic  spec- 
Inim,  with  nitric  oxide,  more  stable  even  than  that  with  carbonic  oxide. 

It  has  been  supjKtscd  by  some  that  the  oxygon  thus  as8ociate<l  with  htemo- 
Slobin  is  in  the  condition  known  as  ozone ;  but  the  argumeuts  urged  in  sup- 
port of  this  view  are  iucuuclusive. 

Products  of  Uic  Decompofiiion  of  Hcmwglobin* 

$  361.  Although  a  crystalline  body,  hiemoglobin  difl'uses  with  great  diffi- 
wlty.  This  ari»*es  from  the  fact  that  it  is  in  part  a  proteid  body ;  it  con- 
uti  of  a  colorle88  proteid,  associated  with  a  colored  substance,  which  may 
vnpatated  out  from  the  haemoglobin,  though  not  in  the  exact  condition  iu 
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oxy-htcmoglobin  but  in  a  more  stable  condition,  more  intimately  aModatcd 
wiih  the  molecule. 

In  coDclusioD.  the  condition  of  oxygen  in  the  blu^ni  iaaa  foUowe :  Of  tbe 
whole  quantity  of  oxygen  in  the  hh^od.only  a  minute  fraction  la  aimpir 
absorbed  or  diesolveil  according  to  the  law  of  preseures  (the  Henry-Dalion 
law).  The  great  mass  is  in  a  state  of  combination  with  the  hiemoglobin, 
the  connection  being  of  such  a  kin<l  that  while  the  hnsmoglobin  readily 
combines  with  the  oxygen  of  the  air  to  which  it  is  exposed,  dtatooiation 
readily  occurs  at  low  pressures,  or  in  the  presence  of  indiilcrcnt  gates,  or  by 
the  action  of  Hubstanecs  having  a  greater  affinity  for  oxygen  than  baa  bieiDO* 
glubiu  itself.  The  difference  between  venous  and  arterial  bloud,  as  far  aa 
oxygen  is  concerned,  is  that  while  in  arterial  blood  the  htcmoglobin  hold* 
nearly  its  full  complement  of  oxygen  find  may  be  6poki.ni  of  as  nearly 
wholly  oxy-hiemoglobin,  in  venous  bliH>d  the  hicmnglnbin  is  to  a  1ar>r«^  but 
variable  extent,  reduced;  and  the  characteristic  cilors  of  venous  and  arte- 
rial blood  are  in  the  main  due  to  the  fact  that  tlie  color  of  reducerl  hiemo- 
globin  is  purple,  while  that  of  oxyhemoglobin  is  scarlet. 

The  Rtiations  of  ihe  Oarbonic  Acid  in  the  Blood. 

§  353.  The  presence  of  carbonic  acid  in  the  bU»od  appean  to  be  deter- 
mined by  condiliontt  mure  complex  in  their  nature  and  at  preaent  oot  ao  well 
understood  as  those  which  deteriniue  the  preseuce  of  oxygtii.  The  carbonic 
acid  is  not  simply  dissolved  in  the  blood  ;  its  absorption  by  bluoii  does  not 
follow  the  law  of  pressures.  It  exists  in  association  with  some  Bubetanoei»r 
subsLancei^  in  the  blood,  and  its  escape  from  the  blixxl  is  a  prooess  nf  disso- 
ciation. We  cannot,  however,  speak  of  it  as  being  associated,  to  the  same 
extent  as  is  the  oxygen,  with  the  haemoglobin  of  the  red  eorposcles.  80 
far  from  the  red  corpuscles  containing  the  great  mass  of  the  carbonic  acid, 
the  quantity  of  this  gas  which  is  present  in  a  volume  of  serum  is  according 
to  some  observers  actually  greater  than  that  which  is  present  io  an  equal 
volume  of  blood.  1.  «-.,  an  equal  volume  of  mixe<l  corpuscles  and  Mnim; 
that  is  to  say.  the  carbonic  acid  is  much  nvkre  largely  associated  villi 
the  serum  (or,  in  the  living  blood,  with  the  plasma)  than  with  the  r«d  cor- 
puscles. 

When  serum  is  subjected  to  the  action  of  the  mercurial  pump,  by  far  the 
greater  part  of  the  carbonic  acid  is  given  off;  but  a  small  additional  quan- 
tity (2  to  6  vols,  per  cent.)  may  be  extracteil  by  the  subeequent  addition  of 
an  acid.  This  latter  portion  may  be  spoken  of  as  "  fixed  "  carbonic  add  tn 
distinction  to  the  larger  'Moose  "  [>ortion  which  is  given  off  to  the  vacuum. 
When,  however,  the  \vhole  blood  is  subjected  to  the  vacuum  until  the  oar- 
b<mic  acid  ceases  to  t>e  given  off,  the  subsequent  adtlition  of  acid  is  taid  not 
to  set  free  any  further  quantity  ;  so  that  when  serum  is  mixeil  with  oorpuselea 
all  the  carbonic  acjd  may  be  HfH>ken  of  as  "  loose  "  ;  and  it  is  slated  that  the 
excess  of  carboniL-  acid  in  a  quantity  of  serum  over  that  present  in  the  mmv 
bulk  of  entires  blotxl,  corre«f>ouda  to  the  fixed  portion  in  serum  whirh  ha«  to 
be  driven  off  by  an  acid.  Moreover,  even  those  who  maintain  that  the 
quantity  of  rnrbonic  acid  in  entire  blood  is  less  than  that  in  an  equal  volume 
of  scnim,  admit  that  the  carbonic  acid  exists  in  some  wav  or  othrr  at  a 
higher  pressure  io,  and  is  more  readily  given  off  from  entire  ^lood  than  fruoi 
serum. 

If  these  statements  he  accepted  it  seems  probable  that  the  carbooic  aHd 
exists  associated  with  some  substance  or  substances  in  the  scrum,  or  rather 
plasma,  but  that  the  conditions  of  its  association  <  and  thoes  of  its  dinociatioo) 
are  determined  by  the  action  of  some  subsLanoe  or  substanoBS  praent  in  tht 
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wppuwles.  It  ha8  been  supgesle^i  that  th*e  association  of  the  carbonic  acid 
in  the  plasma  ia  with  one  or  other  of  the  proteitls  of  the  pUiama ;  but  it  has 
alio  beien  suggesteil  that  the  association  is  one  with  softinm  a^  Rodinm  bicar- 
bonate, and  further  that  the  hflemoglobiu  of  the  corpuscles  plays  a  part  in 
proraotinE  the  dissociation  of  the  sodium  bicarbimatt  or  even  the  carbonate, 
and  thualteeping  up  the  carbonic  acid  of  the  entire  blood.  Other  observers, 
however,  maintain  that  the  plasma  does  not  hold  this  exclusive  possession  of 
the  carbonic  acid,  but  that  a  considerable  quantity  of  this  gas  is  in  some  way 
aaHK:iated  with  the  red  corpuscles.  Indeed,  further  investigations  are  neces- 
mry  before  the  matter  can  be  said  to  have  been  placed  on  a  satisfactory 
Jbotiug. 

The  Relationn  of  the  Niirogen  in  the  Blood. 

\  864.  The  small  quantity  of  this  gas  which  is  present  in  both  arterial  and 
veaous  blood  seems  to  exist  in  a  state  of  simple  solution. 


The  RESprRATORY  Changes  in  the  Lungs. 
The  Entrance  of  Oxygen. 

$855.  We  have  already  seen  that  the  blood  in  paasiug  through  the  lungs 
takes  up  a  certain  variable  quantity  (from  8  to  12  vols,  per  cent.)  of  oxygen. 
We  have  further  seen  that  the  quantity  so  taken  up,  putting  aside  the  insig- 
aificant  fraction  simply  absorbed,  enters  into  direct  but  loose  combination 
litb  ibe  haemoglobin.  In  drawing  a  distinction  between  the  oxygen  simply 
absfirbed  and  that  entering  into  combination  with  the  hfemoglobiu,  it  must 
001  be  understood  that  the  latter  is  wholly  independent  of  pressure.  On  the 
contniry,  all  chemical  compounds  are  in  varions  degrees  subject  to  dissocia- 
lioo  at  certain  pressures  and  tem|>erature« ;  and  the  existence  of  the  some- 
what loose  compound  of  oxygtin  and  hicmoglobiu  is  dependent  on  the  partial 
Sreaiure  of  oxygen  in  the  atmosphere  tu  which  the  hsmoglobin  is  expoee<l, 
-  ol  only  will  a  solution  of  hicmoglobiu  or  a  quantity  of  blow!  either  absorb 
oxygen,  and  thus  undergo  aae/x^intion  or  undergo  dissociation  and  give  off 
AiTften  according  as  the  partial  pressure  of  oxygen  in  the  atmosphere  to 
*l)ich  it  is  exposed  is  high  or  low,  but  alsri  the  amount  taken  up  or  given  off 
will  depend  on  the  degree  of  the  partial  pressure;  the  hemoglobin  as  we 
bave  seen  may  be  partially  as  well  as  wholly  reduced.  The  law,  however, 
iceording  to  which  absorption  or  escape  thus  takes  place  is  quite  different 
from  that  observed  in  the  simple  absorption  of  oxygen  by  liquids.  The  asso- 
tttliuu  or  dissociation  is  further  es|iecially  dependent  on  temperature,  a  high 
ttoperature  favoring  dissociation,  so  that  at  a  high  temperature  less  oxygen 
ii  taken  up  than  would  be  taken  up  (or,  as  the  case  may  be,  more  given  off 
l^an  would  be  given  off)  at  a  lower  temperature,  the  partial  pressure  of  the 
otveen  in  the  atmosphere  remaining  the  same. 

Moreover  in  the  blood  we  have  to  deal  not  with  hiemoglobin  in  simple 
volution,  in  which  the  molecules  are  di8[>er8ed  uniformly  through  the  solvent* 
bai  with  the  haemoglobin  segregated  into  minute  isolated  masses,  bottled  up 
•  it  were  in  the  individual  corpuscles.  The  hiemoglobin  of  each  corpuscle 
iiM(tarated  from  its  fellows  by  a  layer,  thin  it  may  be  but  still  a  distinct 
Wrer,  of  colorle&t.  hmmoglobinleas  plasma.  As  the  corpuscle  makes  its  way 
through  the  narrow  capillary  paths  of  a  pulmonary  alveolus,  it  is  separated 
^m  the  air  of  the  alveolus  by  a  thin  layer  of  plasma  a«  well  as  by  the  film 
of  the  conjoined  capillary  and  alveolar  walls  ;  and  a  like  layer  of  plasma 
separates  it  from  its  fellows  as  it  journeys  in  company  with  them  through  the 
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wider  paasagea  of  the  arteries  and  veins.  Through  this  layer  of  plasma^ 
which  containing  no  hemoglobin  can  hold  oxygen  in  simple  solution  only, 
the  oxygen  haa  to  pass  on  its  way  to  ami  from  the  corpuscle;  and  every  cor- 
puscle may  be  considered  ae  governing,  as  far  as  oxygen  is  concerned,  a  zone 
of  plasma  immediately  aurrouiiding  itself.  The  corpuscle  takes  its  oxygen 
directly  from  this  zone  and  givea  up  its  oxygen  directly  to  this  zone;  and 
the  pressure  at  which  at  any  moment  the  oxygen  exiata  in  this  zone  will 
depend  on  the  pressure  of  oxygen  outside  the  zone,  in  the  air  of  the  pulmonary 
alveolua  for  instance,  and  on  the  smaller  or  greater  amount  of  oxygen 
associated  with  the  hiemoglobiu  of  the  corpuscle. 

The  film  of  the  conjoined  capillary  and  alveolar  wall  is  a  thin  membrane 
soaked  with  lymph  and  wet ;  we  cannot  speak  of  it  as  actually  secreting  a 
liquid  secretion  into  the  alveolus,  for  the  cavity  of  the  alveolus  is  tilled  with 
air  which,  though  saturated  with  moisture,  is  air,  not  a  liquid ;  still  enough 
passes  through  the  film  to  keep  it  continually  luoist.  Through  this  film  the 
oxygen  haB  to  make  its  way  in  order  to  gain  access  to  the  plasma  and  so  to 
the  corpuscle  \  it  makes  its  way  dissolved  in  the  fiuid,  that  is  the  lymph, 
which  kee[)s  the  film  moist.  This  film,  moreover,  is  composed  of  living 
matter,  and  the  considerations  which  a  little  while  back  (§  313)  we  urged 
couueruiug  the  difl'usion  through  a  living  membrane  of  solid  subetances  in 
solution,  hold  good  also  for  the  difluaion  of  gases  in  solution. 

We  have  now  to  consider  the  question,  Are  the  conditions  in  which  b.'emo- 
glubin  and  oxygen  exist  in  ordinary  veuous  blood  as  it  ilows  to  the  lungs,  of 
such  a  kind  that  the  venous  blood  in  passing  through  the  pulmonary  capil- 
larieb  will  Bnd  the  partial  pressure  of  tbe  oxygen  in  the  pulmonary  alveoli 
sufficient  to  bring  about  the  association  of  the  additional  quantity  of  oxygen 
whereby  the  venous  is  converted  into  arterial  blcwl? 

We  may  say  at  tmce  that  we  have,  at  present  at  all  events,  no  satisfactory 
evidence  that  the  film  spoken  of  above  exerts  any  influence,  as  a  living  film, 
on  the  entrance  of  oxygen  from  the  alveolus  into  the  blood.  Nor  have  we 
any  evidence  that  as  a  mere  membrane  or  septum  it  exerts  any  such  inHa- 
ence;  the  oxygen  appears  to  pass  into  the  blood  in  the  same  way  that  it 
would,  if  the  blood  were  freely  exposed  without  any  intervening  partition  to 
tbe  alveolar  air.  Further,  the  evidence,  so  far  as  it  goes,  seems  to  show  that 
blood  absorbB  oxygen  in  tbe  Bame  way  as  an  aqueous  solution  of  hu^moglobin 
of  the  same  concentration  ;  the  zone  of  plasma  sj)oken  of  above  as  surround- 
ing each  corpuscle  behaves  as  far  as  regards  the  passage  of  oxygen  to  and 
from  the  corpuscles  in  no  essentially  difierent  respect  from  the  way  the  mole- 
cules of  water  belonging  to  a  molecule  of  dissolved  hBemoglobin,  behave  in 
regard  to  the  absorption  or  the  giviug-oil'  of  oxygen  by  an  aqueous  solution 
of  hieiiioglobiu. 

§  356.  In  man,  as  we  have  seen,  expired  air  contains  about  16  per  cent,  of 
oxygen.  The  air  in  the  pulmonary  alveoli  must  contain  less  than  this,  since 
the  expired  air  consists  of  a  tidal  air  mixed  by  ditfusiou  with  the  stationary 
air.  How  much  less  it  contaius  we  do  not  exactly  know,  but  probably  the 
difference  is  not  very  great.  At  the  ordinary  atmoepheric  pressure  of  760 
mm,  16  per  cent,  is  equivalent  to  a  partial  pressure  of  122  mm.  The  ques- 
tion, therefore,  stands  thus,  Will  venous  blood,  exposed  at  the  temperature 
of  the  body  to  a  partial  pressure  of  less  than  122  ram.  (less  than  16  per 
cent.)  of  oxygen  take  u|j  aufficieuL  oxygen  (from  8  to  12  vols,  per  cent.)  to 
convert  it  into  arterial  blood?  Numerous  exi>erimeut8  have  been  made 
(chiefly  but  not  exclusively  on  the  dog)  to  determine  on  the  one  hand  the 
oxygen -pressure  of  both  arterial  and  venous  blood  (i.  e.,  the  partial  pressure 
of  oxygen  in  an  atmosphere  exposed  to  which  tbe  arterial  blood  neither 
gives  up  nor  takes  in  oxygen,  and  the  same  for  venous  blood),  and  on  the 
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other  b&Dil  the  behavior  at  the  te(U|>erature  of  the  body  or  at  ordinary  tem- 
peratures of  blootl  or  of  solutions  of' haamoglnhin  (for  the  two  as  we  have 
I     joet  mid,  behave  in  this  re«i)ect  very  much  nlike)  toward  an  atmosphere  in 
I      which  the  partial  pressure  of  oxygen  is  made  to  vary.     Without  ^ing  into 
!      detail,  we  may  state  that  these  ex|>erimeuta  show  that  the  partial  pressure  of 
[     oxygen  in  the  lungs  is  amply  sudicient  to  bring  about,  at  the  temperature  of 
I     the  body,  the  nsdociation  of  that  additional  amount  of  oxygen   by  which 
I     naouft  blood  becomes  arterial.     When  a  solution  nf  hfemoglobin  or  when 
blood  is  succeasively  exposed  to  increasing  oxygen  pressures,  as  the  partial 
iffeMure  of  oxygen  is  gradually  increased,  the  curve  of  absorption  rises  at 
I     Int  very  rapidly  hut  afterward  more  slowly  ;  that  is  to  say,  the  latter  addi- 
tirtttt  of  oxygen  at  the  higher  pressures  are  proportionately  less  than  the 
etrlier  ones  at  the  lower  pressures.     And  this  is  consonant  with  vv[iat  appears 
to  be  the  fact,  that  the  hicmoglobin  of  arterial  blood  though  nearly  saturated 
with  oxygen,  t.  e,,  associatefl  with  almost  it»  full   complement  of  oxygen,  is 
Dot  quite  saturated.     When  arterial  btoud  la  thoroughly  exposed  to  air  it 
tikes  up  rather  more  than  1  vol.  per  cent,  of  oxygen  ;  luid  that  appears  to 
reprwent  the  difference  between  exposing  blood  to  pure  air,  such  as  enters  or 
Dueht  to  enter  the  mouth  in  inspiration,  and  exposing  blood  to  the  air  as  it 
eiHtft  in  the  pulmonary  alveoli.     The  greater  relative  absorption  at  the  lower 
preuures  has  a  beneficial  effect  inasmuch  a^  it  ntitl  permits  a  considerable 
quantity  of  oxygen  to  be  absorbed  even  when  the  partial  pressure  of  oxygen 
ia  the  air  in  the  lungs  is  largely  reduced^  as  in  ascending  to  great  heights. 

Observationa  made  both  with  dog's  blood  and  ox's  bhiod  seem  to  show  that 
arterial  blood  ceases  to  take  up  oxygen  and  begins  to  give  oS'  oxygen  ;  in 
other  words,  that  disaasociation  begins  to  take  place  when  the  partial  pressure 
of  the  oxygen  in  the  atmosphere  tu  which  if  is  exposed  sinks  to  about  60  mm. 
of  mercury  ;  that  is  to  say,  when  the  whole  atmospheric  pressure  is  reduced 
from  760  ram.  to  about  300  mm.,  or  when  the  j)ercentage  of  oxygen  in  the 
atmosphere  is  reduced  by  decidedly  more  than  half     And  this  accords  with 
tbe  observation  that  in  man,  when  the  oxygen  of  inspired  air  is  gradually 
dimioisbed  without  any  other  change  in  the  air,  symptoms  of  dyspnwa  do  not 
make  their  appearance  until  the  oxygen  sinks  to  10  ]>er  cent,  iu  the  inspired 
mir,  and  must  therefore  be  leas  than  this  in  the  pulmonary  alveoli.     We 
may  remark  that  at  onlinary  altitudes,  even  taking  into  account  the  diminu- 
tion tbe  oxygen  undergoes  before  it  reaches  the  pulmonary  alveoli,  the  partial 
prcasure  of  the  oxygen  in  the  atmt^phere  leavefl  a  wide  margin  of  safety. 
But  at  ao  altitude  of  5500  metres  (17,000  feeti,  at  which  the  preasure  of 
the  whole  atmoaphere  stands  at  about  the  limit  given  above  of  300  mm.,  the 
partial  pressure  of  tbe  oxygen  wilt  be  such  that  the  venous  blood  cannot 
lAki-  up  the  quantity  ofo.xygen  proper  to  convert  it  into  arterial  hlood,  since 
at  this  limit  arterial  blood  begins  to  give  off  oxygen.     We  may  add  that  it 
is  at  this  altitude  that  breathing  becomes  especially  difficult,  but  to  this  we 
abali  return. 

!%  3d7.  The  statements  made  so  far  refer  to  ordinary  breathing,  but  the 
qoeatioD  may  be  asked.  What  happens  when  the  renewal  of  the  air  in  the 
palmonary  alveoli  ceases,  as  when  the  trachea  is  obstructed?  In  such  a 
case  the  oxygen  in  the  alveoli  is  found  to  diminish  rapidly,  so  that  the 
partial  pressure  of  oxygen  in  them  soon  falls  below  the  oxygen-pressure  of 
linary  venous  blood.  iJut  in  such  a  case  the  blood  is  no  longer  ordinary 
ous  bhxKl ;  insteail  of  being  mrxlerately,  it  is  largely  and  increasingly 
retiucetl ;  instead  of  containing  a  comparatively  small  amount,  it  contains  a 
large  and  gradually  increasing  amount  of  refluced  hiemoglobin.  And  as 
the  reduction  continues  to  increaAc,  the  oxygen-pressure  of  the  venous  blood 
ooDtinues  to  decrease ;  it  thus  keeps  below  that  of  the  air  in  the  lungs. 
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Hence,  apparently,  even  the  last  traces  of  oxygen  in  the  lungs  may  be  lakeu 
up  by  Lbe  blo<xi  aud  carried  away  to  the  tissues. 

The  Exit  of  Oarbonic  Acid. 

^  356.  It  seems  natural  to  suppose  that  the  carbonic  acid  would  escape  by 
diffusion  irom  the  blood  of  the  alveolar  capillaries  into  the  air  of  the  alveoli. 
But  \a  order  that  ditfusiun  should  ihus  take  place,  the  carbonic  acid  pressure 
of  the  air  iu  the  pulmonary  alveuli  must  always  be  less  than  that  of  the 
vptious  blond  of  the  pulmonary  artery,  and  ought  not  to  exceed  that  of  the 
blood  of  the  pulmonary  vein.  There  are,  however,  many  practical  diffi- 
culties in  the  way  of  an  exact  determination  of  the  carbonic  acid  pressure 
of  the  pulmonary  alveoli  (for,  though  it  must  be  greater  than  that  of  the 
expired  air,  it  is  difficult  to  say  how  much  greater),  and  of  the  carbonic 
acid  pressure  of  the  blood  at  the  same  time,  so  as  to  be  in  a  position  to  com- 
pare the  one  with  the  other.  In  the  case  of  oxygen  there  is  always  present 
in  the  lungs  a  surplus  of  the  gas,  a  portion  only  being  absorbed  at  each 
breath ;  in  the  case  of  carbonic  acid  the  whole  quantity  comes  direct  from 
the  blood,  and  any  modihcatious  in  breathing  seriously  affect  the  amount 
given  out.  Thus,  when  the  breath  is  held  for  Home  time  the  percentage  of 
carbonic  acid  in  the  expired  air  reaches  7  or  8  per  ceuL,  but  we  cannot  take 
this  as  a  measure  of  the  normal  percentage  of  carbonic  acid  in  the  pul- 
monary alveoli,  since  by  the  mere  holding  of  the  breath  the  carbonic  acid 
in  the  blood,  and  hence  iu  the  pulmonary  alveoli,  is  increased  beyond  the 
normal. 

The  diffiouities  of  the  problem  seem^  however,  to  have  been  overcome  by 
an  ingenious  experiment  iu  which  there  is  introduced  Into  the  bronchus  of 
the  lung  of  a  dog  a  catheter,  round  which  is  arranged  a  small  bag;  by  ihe 
inflation  of  this  bag,  the  bronchus,  whenever  desired,  can  be  completely 
blocked  up.  Thus,  without  any  marked  disturbance  of  the  general  breathing, 
and  therefore  without  any  marked  change  iu  the  normal  proportions  of  the 
gases  of  the  blood,  the  experimenter  is  able  to  «top  the  ingress  of  fresh  air 
into  a  limited  portiim  of  the  lung.  At  the  same  time  he  is  enabled  by  means 
of  the  catheter  to  withdraw  a  sample  of  the  air  of  the  same  limited  portion 
and  by  analysis  to  determine  the  amount  of  carbonic  acid  which  it  contains, 
or  in  other  words,  the  partial  pressure  ot*  the  carbonic  acid.  The  blood 
passing  through  the  alveolar  capillaries  of  this  limited  portion  of  the  lung 
naturally  possesses  the  same  carbimic  acid  pressure  as  the  rest  of  the  venous 
blood  flowing  through  the  pulmonary  artery — a  pressure  which,  though 
varying  slightly  from  moment  to  moment,  will  maintain  a  normal  average. 
On  the  supposition  that  carbouic  acid  passes  simply  by  ditfusion  from  the 
pulmonary  blood  into  the  air  of  the  alveoli,  because  the  carbonic  acid 
pressure  of  the  latter  is  normally  lower  than  that  of  the  former,  one  would 
expect  to  find  that  the  air  iu  the  occluded  portion  of  the  lung  would  con- 
tinue to  take  up  carbonic  acid  until  an  equilibrium  was  established  between 
it  and  the  carnonic  acid  pressure  of  the  venous  blood.  Consequently,  if 
after  an  occlusion,  say  of  some  minutes  fby  which  time  the  equilibrium 
might  fairly  be  assumed  to  have  been  established),  the  carbonic  acid  pressure 
of  the  air  of  the  occluded  portion  were  determined,  it  ought  to  be  found  to 
be  equal  to,  and  not  more  than  equal  to,  the  carbonic  acid  pressure  of  the 
venous  blood  of  the  pulmonary  artery.  And  this  is  the  result  which  has 
been  arrived  at :  it  has  been  found  that  the  pressures  of  the  carbonic  acid 
of  the  occluded  air  and  of  the  venous  blood  of  the  right  side  of  the  heart 
are  just  about  equal.  Hence  the  evidence,  so  far  aa  it  goes,  is  distinctly  in 
favor  of  the  view  that  the  escape  of  carbonic  acid  from  the  blood  into  the 
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^P  pulmoaarr  alveoli  is  simply  due  to  HiflPasion,  aod  that  there  is  no  need  to 
•epk  for  any  further  explauatiun.  There  is,  ai^  far  hs  we  can  see  at  preeeiit 
u  til  events,  no  neneaaity,  any  more  than  in  the  ease  of  oxygen,  to  suppoae 
(hat  the  wall  of  the  pulmonary  alveoli  has  any  specific  secretory  power  of 
ilw'harging  carlmnic  aci<l  from  the  blood  iudependently  of,  or  in  antagonism 
tp,  the  influence  of  pressures,  or  that  it  exerts  any  special  influence  at  all  aa 
«(ltlfuBion  septum. 

There  are  some  facts  that  seem  to  suggest  that  the  exit  of  carbonic  acid 
fmm  the  blorMl  is  assisted  by  the  simultaneous  entrance  of  oxygen,  but  this 
i«  Dot  deflnitely  proved.  If  such  an  aid  is  given,  it  ia  probably  brought 
about  by  the  change  in  the  hiemaglnbin  in  some  indirect  way  raising  the 
praiare  of  the  carbonic  acid  in  the  blooii. 

.\»  far  then  as  can  be  seen  at  present,  both  the  entrance  of  oxygen  and 
theexit  of  carbonic  acid  by  whicn  venous  blood  is  converted  into  arterial 
ue  the  simple  physical  results  of  the  ex)>o8ure  of  the  blood  in  the  pul- 
aoBary  capillary  to  the  air  of  the  pulmonary  alveoli. 


The  Rebpiratoby  Chakgeh  in  the  Tissues. 


^     {S59.  In  passing  through  the  several   tissues  the  arterial  btood  becomes 

^r  filtt  more  venous.     The  oxy-hiemoglobin  beci»mes  considerably  reduced,  and 

s  (juaotity  of  carbonic  acid   passes  from  the  lisaues  into  the  blood.     The 

I        ituouot  of  change  varies  in  tbe  various  tissues,  ami  in  the  same  tieaue  may 

I        var^  at  different  times.     Thus,  in  a  gland  at  rest,  as  we  have  seen,  the  venous 

^.   blood  is  dark,  showing  that  the  hemoglobin  is  t4^>  a  large  extent  in  the 

^B  rvdiiced  condition  ;  when  the  gland  is  active,  the  venous  blood  in  its  color, 

^K  sod  in  the  extent  to  which  the  haemoglobin  is  in  the  condition  of  oxy-hsemo- 

^B  ciobio,  resemblei*  closely  arterial  blood.     The  bloiHi  therefore  which  issues 

"  Jrom  a  gland  at  rest  is  more  '*  venous"  than  that  from  an  active  gland; 

'        tlnxigh  uwing  to  the  more  rapid  How  of  blooil  which,  as  we  saw  in  an  earlier 

'       aecuon,  accompanies  the  activity  of  the  gland,  the  total  i^uantity  of  oxygen 

taken  up  from  and  of  carbonic  acid  discharged  into  the  blood  from  the  gland 

in  a  given  time  may  be  greater  than  the  latter.     The  btood,  on  the  other 

hand,  which  comes  from  an  active,  /.  f.,  a  contracting  nuiscle,  ia,  in  spite  of 

the  more  rapid  flow,  not  only  richer  in  carbonic  acid,  but  ati^o,  though  not 

to  a  corresponding  amount,  poorer  in  oxygen  than  the  blood  which  flows 

from  a  muscle  at  rest. 

In  all  these  cases  the  great  question  whicli  comes  up  for  our  consideration 
as  this:  Does  the  oxygen  pass  from  the  blood  into  the  tissues,  and  does  the 
oxidation  take  place  in  the  lissues,  giving  rise  to  carbonic  acid,  which  passes 
io  torn  away  from  the  tissues  into  the  hkiod  ?  or  do  certain  oxidizable  reduc- 
ing sabstances  pass  from  the  tissues  into  the  blo<Ki,  and  there  become  oxidized 
into  carbonic  acid  and  other  products,  so  that  the  chief  oxidation  takes  place 
m  the  blood  iuelf  ? 

There  are^  it  is  true,  reducing  oxidizable  substances  in  the  blood,  but  these 
nreanall  in  amount,  and  the  quantity  of  carbonic  acid  to  which  they  give 
iiam  when  the  blood  containing  them  is  agitated  with  air  or  oxygen,  is  so 
small  as  scarcely  to  exceed  the  errors  of  observation. 

On  the  other  hand,  it  will  be  remembered  that  in  speaking  of  muscle,  we 
drew  attention  ($61)  to  the  fact  that  a  frog's  muscle  removed  from  the  body 
(mad  the  same  is  true  of  the  muscles  of  other  animals)  contains  no  free 
oxygen  whatever ;  none  can  be  obtained  from  it  by  the  mercurial  air-pump. 
Yet  such  a  muscle  will  not  only  when  at  rest  go  on  producing  and  discharging 
a  certAin  quantity,  but  also  when   it  contracts  evolve  a  very  considerable 
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quantity,  of  carbouic  acid.  Moreover,  this  discharge  ot  carbouic  acid  will 
go  on  for  a  certain  time  in  niusclfs  uniler  circumstances  in  which  it  is  iin- 
poasible  for  them  to  obtain  oxygen  from  without.  Oxygen,  it  U  true,  a 
neoeseary  for  the  life  of  the  uiiiscie;  wheu  venous  iusteail  of  arterial  blood 
is  sent  through  the  bloodvessels  of  a  muscle,  the  irritability  Hpeedily  jliH 
appears,  and  unless  fre«b  oxygen  be  administered  the  muscle  .•tuou  dies.  *n| 
muscle  may.  however,  during  the  interval  in  which  irritability  is  »iill  re- 
tained after  the  supply  of  oxygen  has  beeu  cut  ort*.  continue  tn  c«)Otract 
vigorously.  The  supply  of  oxygen,  though  necessary  for  the  m^iintmanm 
of  irritability,  is  not  necessary  for  the  manifestation  of  that  irritability,  b 
not  necessary  for  that  explosive  decom]>osiLion  which  develojis  a  coatrmc- 
tiou.  A  frog's  muscle  will  continue  to  coutnict  and  to  produce  carbooic 
acid  in  an  atmosphere  of  hydrogen  or  nitrogen,  that  is.  in  the  total  ab#4rnos 
of  free  hydrogen,  both  from  itself  and  from  the  medium  in  which  it  is 
placed. 

Thus,  on  the  one  hand,  the  muscle  seems  to  have  the  property  of  takias 
up  and  fixing  in  some  way  or  other  the  oxygen  tn  which  it  is  expoard,  u 
storing  it  up  in  its  own  Aubstnnce  in  such  a  condition  that  it  caoDot  b«  re- 
moved by  simple  iliminisheil  pressure  (so  ihat  the  pressure  of  oxygen  io  the 
muscular  8ul>stance  may  be  considered  aj*  always  nil)  and  yet  has  Dot 
entered  into  any  distinct  combination  which  we  can  speak  of  as  an  oxida- 
tion, but  is  still  available  for  such  a  purpose.  The  idea  has  been  put  for- 
ward that  the  oxygen  in  this  condition  is  physically  attached  to  and  lies 
between  the  molecules  of  the  muscular  substance  without  being  chemicalir 
cotabined  with  them,  and  hence  has  been  spoken  of  as  *Mntra-molecular 
oxygen  ;  but  we  have  no  exact  knowledge  as  to  what  its  condition  reallr  is 
at  this  stage.  On  the  other  hand,  the  muscular  substance  is  always  unaer* 
going  a  decomposition  of  such  a  kind  that  carbonic  acid  is  set  free,  aooM- 
timee,  as  when  the  muscle  is  at  rest,  in  small,  sometimes,  as  during  a  ooo- 
traction,  in  large  quantities.  The  oxygen  present  in  this  carbonic  acid,  as 
an  oxidation  product,  comes  from  the  previously  existing  store  nf  which  wv 
have  just  spoken.  The  oxygen  taken  in  by  the  muscle,  whatever  ht»  its 
exact  condition  immediately  upon  its  entrance  into  the  muscular  aubiAaBet. 
in  the  phase  which  has  been  called  "intra-molecular,"  stMmer  or  litor  latwi 
into  a  c<Miibinalion,  or  perhaps  we  should  rather  say,  enters  into  a  serif*  of 
combinations.  We  have  previously  urged  (>^30)  that  all  living  substanee 
may  be  regarded  as  incessantly  undergoing  changes  of  a  double  kind,  chances 
of  building  up  and  changes  of  breaking  down.  In  the  end-products  of  UM 
breaking  down,  in  the  carbonic  acid  given  out  by  muacle,  for  instance,  «v 
can  recognize  an  oxidation  product;  hut  we  do  not  know  exactly  at  wbat 
stage  or  exactly  in  what  way  the  oxygen  is  combined  with  the  oarl«on.  We 
may  imagine  that  the  oxygeu,  as  it  comes  from  the  blood,  is  caught  up  sioto 
■peak  by,  and  disappears  in,  the  huilding-up  proceas  (forming.  t»*MaiMy  at 
tlie  veTy  beginning,  with  some  constituent  of  the  muscular  Huli^tanoe  a 
combination  like  to  but  firmer  and  more  stable  than  its  combinstiou  with 
hffsmoglobin),  and  that  through  those  processes  it  is  made  part  of  cnioplex 
decomp(«ible  substances  whose  decomposition  ultimately  gives  rise  u>  tha 
carbonic  acid  ;  but,  »■  far  as  actual  knowledge  goes,  we  cannot  as  vet  trace 
out  the  steps  taken  by  the  oxygen  from  the  inomeat  it  slijis  fmm  tW  blood 
into  the  muscular  substance  to  the  moment  when  it  isnues  united  with  carbon 
as  carlK>nic  acid.  The  whole  mystery  of  life  lies  hidden  in  the  BU>ry  oi  ihat 
progresB,  and  for  the  present  we  must  be  content  with  simply  kDowiag^  the 
begioDing  and  the  end. 

But  if  the  oxygen-prcMure  of  the  muscular  tissue  be  thus  always  nil, 
oxygen  will  be  always  jMusiug  over  from  the  blood  c<trpn«rlr«,  in  wbich  it  is 
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tt  a  comparatively  high  pressure,  through  the  plasnm,  ibruugh  the  capillary 

walls,  the  lymph-spaces,  and  the  earcaleinma,  mti>  the  muscular  substance, 

and  aftfloou  as  it  arrives  there  will  be  in  some  manner  or  r>ther  hidden  away, 

ieaving  the  oxygen-preaaure  of  the  muscular  enbatance  once  more  nil.    t'on- 

fenely.  the  carbonic  acid  produced  by  the  decomposition  of  the  muscular 

MlbsUuee  will  tend  to  raise  the  c^irbonic  acid  pressure  of  the  muscle  jntil  it 

ucoeedx  that  of  the   blood  ;    whereupon  carbonic  acid  will  pafti  fnim  the 

muicle  into  the  blood,  its  place  in  the  miisculur  substance  being  supplied  by 

frvably  generated  supplies.     There  will  always  in  fact  beaslream  of  oxygen 

fn>tu  the  blo<>4l  to  the  muscle  and  oi'  carbouic  acid   from  the  muscle  to  the 

blocHJ.     The  respiration  uf  the  muscle  then  doea  not  consiuC  in  throwing  into 

the  blood  oxidiznbte  substances,  there  to  be  oxidi/ed  into  carbonic  acid  and 

Dllacr  matters  ;  but  it  does  consist  in  the  assumption  and  storing  up  of  oxygen 

rnehow  or  other  in  its  substance,  in  the  building  up  by  help  of  that  oxygen 

explosive  decomposable  substances,  and  in  the  carrying  out  of  <lecompo8i- 

us  whereby  carbonic  acid  and  other  matters  are  discharged  lirst  into  the 

lubetanoe  of  the  muscle  and  subsequently  intu  the  blood. 

§  360.  Our  knowleilge  of  the  respiratory  changes  in  muscle  tu  more  com- 
plete than  in  the  case  of  any  other  tiffsne  ;  hut  we  have  no  reason  tosupptise 
tbat  the  phenomena  of  muscle  are  exceptional.  On  the  contrary,  all  the 
Av-ailable  evidence  goes  to  show  that  in  all  tissues  the  oxidation  takes  place 
ia  the  tissue,  and  not  in  the  adjoiuiug  blood.  It  is  a  remarkable  fact  that 
lympht  serous  fluids,  bile,  urine,  and  milk  contain  a  mere  trace  of  free  or 
looeely  combined  oxygen,  but  a  very  considerable  rpiantity  of  carbonic  acid. 
A.nd  we  may  probably  assert  with  safety  with  regard  to  all  the  tissues  that 
m  the  tissues  themselves,  in  the  lymph  which  bathes  their  lymph-spaces,  and 
in  the  secretions  which  some  of  them  pour  forth  free  oxygen  is  either  wholly 
abeent  or  so  scanty  that  their  oxygen-pressure  may  be  regarded  as  nil,  white 
carbonic  acid  is  so  abundant  that  the  pressure  of  carbonic  acid  in  them  may 
he  regarded  as  exceeding  that  of  venous  blood.  An  exception  seems  to  be 
preeentetl  by  the  cose  of  the  lymph  tlowing  along  the  larger  lymjihatic 
▼camIs,  for  in  this  the  amount  of  carbonic  acid,  while  usually  higher  than 
tb&t  of  arterial  blood,  is, tower  than  that  of  the  general  venous  blo^Hl  ;  but 
ibia  probably  is  due  to  the  fact  that  the  tymph  in  its  passage  onward  is 
l*-rgely  exposed  to  arterial  blood  in  the  connective  tissues  and  in  the  lymphatic 
glaaods,  where  the  production  of  carbonic  acid  is  slight  as  compared  to  that 
^■og  00  in  muscles.  All  the  facts  point  to  the  conclusion  that  it  is  the 
*««»uee,  and  not  the  btoo<l,  which  become  primarily  loaded  with  carbonic 
*oi<l,  ihe  latter  simpiv  receiving  the  gas  from  the  former  by  ditfusion,  except 
tH©  (probably)  small  quantity  which  results  from  the  metabolism  of  the 
^lood  corpuscles ;  and  that  the  oxygen  which  passes  from  the  hlood  into  the 
^lABues  is  at  once  taken  up  and  placed  under  such  conditions  that  it  is  no 
linger  removable  by  diminished  pressure. 

In  further  support  of  this  view  may  be  urged  the  fact  that  if,  in  a  frog, 
^e  whole  blood  of  the  body  be  replaced  by  normal  saline  solution,  the  total 
^«taboliflm  of  the  body  is  for  some  time  unchanged.  The  saline  medium  is 
•**1«^  owing  to  the  low  rate  of  metabolism  and  large  (cutaneous)  respiratorv 
">t"<»ce  of  the  animal,  to  supply  the  tissues  with  ull  the  oxygen  they  need, 
■•*cl  ti»  remove  all  the  carbonic  acid  they  produce.  It  is  difficult  to  believe 
^^t,  in  such  an  experiment,  the  oxidation  took  place  in  the  saline  solution 
'^A^lf  while  circulating  in  the  bloodvessels  and  tissue-spaces  of  the  animal. 

A¥e  may  add  that  the  oxidative  power  which  the  bltK>d  itself  remove<l 
from  the  Siody  is  able  to  exert  on  sulwtancea  which  are  undoubtedly  oxidized 
ia  the  body  is  so  small  that  it  may  be  neglecte<l  in  the  present  considera- 
l^^na.     If  grape-sugar  be  added  to  blood  or  to  a  solution  of  hiemoglobiu,  the 
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mixture  may  be  kept  for  a  loag  time  at  the  temperature  of  the  body  with* 
out  undergoing  oxidation.  Even  within  the  body  a  slight  excess  of  sugar 
in  the  blood  over  a  certain  percentage  wholly  escapes  oxidation,  and  is  dis- 
charged uncfaangeil.  Many  easily  oxidized  substances,  such  as  pyrogallic 
acid,  paf^  largely  through  the  blood  of  a  living  body  and  are  discharged  in 
the  urine  without  being  oxidized  ;  though  perha)>s  in  some  of  these  cases, 
what  appears  to  be  an  absence  of  oxidation  is  really  an  oxidation  followed 
by  a  subsequent  equivalent  reduction  taking  place  in  the  urine  or  elsewhere. 
The  organic  acids,  such  aa  citric,  even  in  ctjmbinatioo  with  alkaline  ba&es, 
are  only  partially  oxidized  ;  when  administered  as  acids,  and  not  as  salts, 
they  are  hardly  oxidized  at  all.  It  is,  of  course,  quite  possible  that  the 
changes  which  the  blood  undergoes  when  shed  might  interfere  with  its 
oxidative  action,  and  hence  the  fact  that  shed  blood  has  little  or  no  oxidizing 
power,  is  not  a  satisfactory  proof  that  the  unchanged  blood  within  the  living 
veesels  may  not  have  such  a  power.  But  did  oxidation  take  place  largely 
in  the  bl(X)d  itself,  one  would  expect  even  highly  ditlusible  substances  to  be 
oxidized  in  their  transit;  whereas  if  we  suppose  the  oxidation  to  take  place 
in  the  tissues,  it  becomes  intelligible  why  such  diffusible  substances  as  those 
which  the  tissues  in  general  refuse  to  take  up  largely  should  readily  pass 
unchanged  from  the  blood  through  the  excreting  organs. 

We  have  seen  that  in  muscle  the  production  of  carbonic  acid  is  not  directly 
dependent  on  the  consumption  of  oxygen.  The  muscle  pro<^luces  carbonic 
acid  in  an  atmosphere  of  hydrogen.  What  is  true  of  muscle  is  true  also  of 
other  tissues  and  of  the  body  at  large.  It.  was  shown  long  agu  that  animals 
might  continue  to  breathe  out  carbonic  acid  in  an  atmosphere  of  nitrogen 
or  bydrogeu  ;  and  this  has  more  recently  been  illustrated  by  the  remarkfible 
experiment  that  a  frog  kept  at  a  low  temperature  will  live  for  several  hours, 
and  continue  to  produce  carbonic  acid,  in  au  atmosphere  absolutely  free 
from  oxygen.  The  carbonic  acid  produced  during  this  period  was  made  by 
help  of  the  oxygen  inspired  in  the  hours  anterior  to  the  commencement  of 
the  experiment.  The  oxygen  then  absorbed  was  stowed  away  from  the 
haemoglobin  into  the  tissues,  it  was  made  use  of  to  build  up  the  explosive 
compounds,  whose  explosions  later  on  gave  rise  to  the  carbonic  acid.  Or,  to 
adopt  a  simile  which  has  been  suggested,  the  oxygen  helps  to  wind  up  the 
vital  clock;  but  once  wound  up  the  clock  will  go  on  for  a  period  without 
further  winding.  The  frog  will  continue  to  live,  to  move,  to  produce  car- 
bonic acid  for  a  while  without  any  fresh  oxygen,  as  we  know  of  old  it  will 
without  any  fresh  fond  :  it  will  continue  to  do  so  till  the  explosive  com- 
pounds which  the  oxygen  built  up  are  exhausted  ;  it  will  go  on  until  the  vital 
clock  has  run  down. 

§  361.  To  sum  up,  then,  the  results  of  respiration  in  its  chemical  aspects. 
As  the  blood  passes  through  the  lungs,  the  low  oxygen  pressure  of  the  venom 
blood  jjermita  the  eutranceof  oxygen  from  the  air  of  the  pulmonary  alveolus, 
through  the  thin  alveolar  walls,  through  the  thin  capillary  sheath,  through 
the  thin  layer  of  blood-plasma  to  the  red  corpuscle,  and  the  reduced  hiemo- 
globiu  of  the  venous  blood  becomes  wholly,  or  all  but  wholly,  oxy-hsemo- 
globiu.  Hurried  to  the  tissues,  the  oxygen,  at  comparatively  high  pressure 
in  the  arterial  blood,  passes  largely  into  them.  In  the  tissues  the  oxygen- 
pressure  is  always  kept  at  an  exceedingly  low  pilch  by  the  fact  that  they,  in 
some  way  at  present  unknown  to  us,  pack  away  at  every  moment  into  some 
stable  combinatinu  each  molecule  of  oxygen  which  they  receive  from  the 
blood.  With  its  oxy-hiemoglobin  largely  but  not  wholly  reduced,  the  blood 
passes  on  as  venous  blood.  To  what  extent  the  hfemoglobin  is  reduced  will 
depend  on  the  activity  of  the  tissue  itself  The  quantity  of  hEemoglobin  in 
the  blood  is  the  measure  of  limit  of  the  oxidizing  power  of  the  body  at 
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Urge;  but  within  that  limit  the  amouDt  of  oxidation  is  determined  by  the 
tivae,  and  by  the  tissue  alone. 

We  cannot  trace  the  oxyifen  through  its  sojourn  in  the  tissue.  We  only 
know  that  sooner  or  later  it  comes  back  combined  in  carbunic  acid  (and 
other  matters  not  now  under  consideration).  Ovriag  to  the  continual  pro- 
(iucCioD  of  carbonic  acid,  the  pressure  of  that  gas  in  the  extra-vascular 
eleoasots  of  the  tissue  is  always  higher  than  that  in  the  blood;  the  gas 
Moordingly  passes  from  the  ti^ue  into  the  blood,  and  the  venous  blood 
psiseflon  Dot  only  with  its  hiemoglobin  more  or  less  reduced^  t.  e.,  with  its 
oxygen-preesure  decreased,  but  alfto  with  its  carbonic  acid  preaaure  iucreased. 
Arrived  at  the  lungs,  the  blo<id  finds  the  pulmonary  air  at  a  lower  carbonic 
idil  pressure  than  it^lf.  The  gaa  accordingly  streama  through  the  thin 
Vttcular  and  alveolor  walls  until  the  pressure  without  the  bloodvessel  is 
ec)Uftl  tu  the  pressure  within.  At  the  same  time  the  blood  finds  in  the  air  of 
the  iHilroonary  alveoli  a  supply  of  oxygen,  more  than  adequate  to  convert, 
Dol  entirely  but  nearly  so,  the  reduced  hiemoglobin  back  again  to  oxy-hsemo- 
jrlobin.  'fhus  the  air  of  the  pulmonary  alevoli,  haviug  given  up  oxygen  to 
ihr  hlood  and  taken  up  carbonic  acid  from  the  blood,  haviug  iu  consequence 
a  bieber  carbonic  acid  pressure  and  a  lower  oxygen  pressure  than  the  tidal 
air  m  the  bronchial  passages,  mixes  rapidly  with  this  by  diHu^ion.  The 
mixture  is  further  assisted  by  ascending  and  descending  currents;  and  the 
tidal  air  issues  from  the  chest  at  the  breathing  out  poorer  iu  oxygen  and 
richer  in  carbonic  acid  than  the  tidal  air  which  entered  at  the  breathing  in. 


Th£  Nervous  Mechanis&i  ok  Rbspibation. 


Breathing  is  an  involuntary  act.  Though  the  diaphragm  and  all 
th«  other  muscles  employed  in  respiration  are  voluutary  muscles,  i.  e.,  muB- 
cJei  which  can  be  called  into  action  by  a  direct  etlort  of  the  will,  and  though 
nsspinilion  may  be  modified  within  very  wide  limits  by  the  will,  yet  we 
habitually  breathe  without  the  intervention  of  the  will;  the  norma!  breath- 
ing may  continue,  not  only  in  the  al>seuce  of  consciousness,  but  even  afler 
the  removal  of  all  the  parts  of  the  brain  above  the  me<tulla  oblongata. 

We  have  already  seen  how  complicated  is  even  a  simple  respiratory  act. 
A  very  large  number  of  mueclee  are  called  into  play.  Many  of  these  are 
very  far  apart  from  each  other,  such  as  the  diaphragm  and  the  nasal  muscles  ; 
yet  they  act  in  harmonious  sequence  in  point  of  time.  If  the  lower  inter- 
0(«tAl  muscles  contracted  before  the  scaleni,  or  if  the  diaphragm  contracted 
akeruately  with  the  other  chest-muscles,  the  satisfactory  entrance  and  exit  of 
mkr  would  be  impossible.  These  muscles,  moreover,  are  coordinated  also  in 
ngpeci  of  the  amount  of  their  several  contractions;  a  gentle  and  ordinary 
eooUACtion  ot  the  diaphragm  is  accompanied  by  gentle  and  ordinary  con- 
iractions  of  the  intercostals.  and  these  are  preceded  by  gentle  and  ordinary 
eoDtractions  of  the  acaleni.  A  forcible  contraction  of  the  scaleni,  followed 
bv  Mmply  a  gentle  contraction  of  the  intercostals,  would  perhaps  hinder 
nufaer  than  assist  inspiration,  and  at  all  events  would  be  waste  (d'  power. 
Farther,  the  whole  coniplex  iuspirutory  effort  is  ofleu  t'olloweil  by  a  leas 
ked  but  still  complex  expiratory  action.  It  is  impossible  that  all  these 
carefully  coordinated  muscular  contractions  should  be  brought  about  in  any 
way,  than  by  coordinate  nervous  impulses  descending  along  efferent 
from  a  coordinating  nervous  centre.  By  experiment  we  find  this  to 
be  the  case. 

Wben  in  a  rabbit  the  trunk  of  a  phrenic  nerve  is  cut,  the  diaphragm  on 
that  aide  remains  motionless,  and  respiration  goes  on  without  it.     When  both 
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nerves  are  cut,  the  whole  diaphragm  remains  quiescent,  though  the  co&ta] 
respiration  becomes  excessively  labored. 

When  HD  intercoetal  nerve  is  cut,  no  active  respiratory  movements  are 
seen  in  the  intercostal  muscles  of  the  corresponding  space,  and  when  the 
spinal  cord  is  divided  below  the  origin  of  the  seventh  cervical  spinal  nerve, 
tout  is,  below  the  exits  of  the  roots  of  the  phrenic  nerves,  costal  respiration 
ceases,  though  the  diaphragm  c^>ntiDue8  to  act,  and  that  with  increased  vigor. 
When  the  cord  is  divided  just  below  the  medulla,  aU  thoracic  movements 
cease,  hut  the  respiratory  actions  of  the  nostrils  and  glottis  still  continue. 
These,  however,  disappear  when  the  facial  and  recurrent  laryngeal  nervea 
are  divided.  We  have  already  staled  that  after  removal  of  the  brain  above 
the  medulla,  respiration  still  continues  very  much  as  usual,  the  rawlifications 
which  ensue  from  the  loss  of  the  brain  being  uuesseutial.  Hence,  putting 
all  these  facts  together,  it  ia  clear  that  the  respiratory  movements  are,  as  we 
suggested,  brought  about  by  coiirdinated  impulses  which,  developed  in  the 
central  nervous  system  and  starting  in  the  first  instance  in  the  medulla,  Hnd 
their  way  along  the  several  eflerent  nerves.  The  proof  is  completed  by  the 
fact  that  the  removal  of,  or  extensive  injury  to,  the  medulla  alone  is,  save  in 
exceptional  cases  which  we  will  discuss  presently,  at  once  followed  by  the 
cessation  of  all  respiratory  movements,  even  though  the  rest  of  the  nervoua 
system  including  every  muscle  and  every  nerve  concerned  be  left  intact. 
Say  more,  if  only  a  small  portion  of  the  medulla,  a  tract  whose  limits  have 
not  been  clearly  deOned,  but  which  may  be  described  as  lying  below  the 
vasomotor  centre  iti  the  immediate  neighorhood  of  the  nuclei  of  the  vagus 
nerves,  be  removed  or  injured,  respiration  ceases,  and  death  at  once  ensues. 
Hence  this  portion  of  the  nervous  system  was  called  by  Flourens  the  vital 
knot,  or  ganglion  of  life,  nteud  viiaL  We  shall  speak  of  it  as  the  re^iraiory 
centre. 

§  363.  The  nature  of  this  centre  must  he  exceedingly  complex;  for  while 
even  in  ordinary  respiration  it  gives  rise  to  a  whole  group  of  coordinate  ner- 
vous impulses  of  inspiration  foTlowe<]  in  due  sequence  by  a  smaller  hut,  still 
coordinate  group  of  expiratory  impulses  of  an  antagonistic  nature,  in  labored 
respiration  fresh  and  larger  impulses  are  generated,  though  still  in  coordina- 
tion with  the  normal  ones,  the  expiratory  events  being  especially  augmented  ; 
and  in  the  cases  of  more  extreme  dyapucea  and  asphyxia  impulses  overflow, 
so  to  speak,  from  it  in  all  directions,  though  only  gradually  losing  their 
coordination,  until  almost  every  muscle  in  the  body  is  thrown  into  contractions. 

We  must  not,  however,  conceive  of  this  centre  as  one  of  such  a  kind  that 
the  impulses  leave  it  fully  coordinated  and  equipped  so  that  nothing  remains 
for  them  but  to  travel,  unchanged,  along  the  several  efferent  nerve-fibres  to 
their  several  muscular  destinations.  On  the  contrary,  we  have  reason  to 
think  that  the  respiratory  motor  nerves,  like  other  motor  nerves,  are  con- 
nected just  as  they  are  about  to  issue  from  the  spinal  coni,  with  a  nervous 
machinery,  in  which  nerve  cells  play  a  part — a  point  which  we  shall  consider 
more  fully  in  treating  of  the  spinal  cord;  we  have  reason  to  think  that  the 
respiratory  impulses  starting  from  the  respiratory  centre  pass  into  and  are 
modified  by  secondary  spinal  nervous  mechanisms  before  they  issue  along  the 
motor  nerve  roots.  Indeed,  observations  show  that  under  particular  condi- 
tions, and  especially  in  young  animals,  respiratory  movements  may  be  carried 
out  in  the  entire  absence  of  the  medulla  oblongata.  Thus  if  in  a  kitten  or 
puppy,  or  young  rabbitj  after  division  of  the  spinal  cord  below  the  medulla, 
artificial  respiration  be  kept  up,  and  then  pauses  be  made  in  the  artificial 
respiration,  during  these  pauses  not  only  may  what  appear  to  be  respiratory 
movements  be  induce<l  in  a  reflex  manner,  by  pinching  or  by  blowing  on  the 
ekin,  but,  especially  if  the  excitability  of  the  spinal  cord  be  heightened  by 


THE    NERVOUS    HEGHANISM    OF    RESPIRATION 


477 


cmatl  doMs  of  strychnine,  even  gpontaneous  efforts  of  breathing  may  occa* 
flonftlly  be  observed.  These  are  the  exeeptioual  instauces  mentioned  above. 
Since  in  such  casee  the  rhythmically  repeate<1  movement*  nf  the  respiratory 
muiclea  are  sometimes  accompanied  by  rhythmic  movements  of  the  lore  and 
hind  limbs  not  respiratory  Jn  nature,  it  may  be  doubted  whether  these 
experiments  really  prove  the  existence  of  distinct  respiratory  centres  in  the 
epinaJ  cord ;  and  at  most  they  merely  show  that  the  respiratory  nervous 
oechanism  is  not  entirely  contined,  as  was  ouce  thought,  to  the  centre  in  the 
medulla,  but  also  embraces  other  subsidiary  mechanisms,  which  may  perhaps 
beepokeu  of  as  centres,  in  the  spinal  cord  below.  It  has,  indeed,  been  main- 
tuaed  by  some  that  these  lower  spinal  centres  are  the  chief  centres  and  that 
^■teduUary  centre  acts  merely  in  the  way  of  regulating  these  ;  but  it  is  difti- 
eah  to  reconcile  this  view  with  the  experience  that  interferes  with  the 
medulla,  limited  entirely  to  the  medulla,  so  often  leads  to  the  entire  aboli- 
tiuo  uf  the  respiratory  movements.  This  matter  is  not  at  prcbent  thoroughly 
vorked  out,  but  we  shall  probably  not  greatly  err  in  regarding  the  respira- 
toiy  nervous  system  as  iu  many  ways  analogous  to  the  vasonioter  nervous 
i^m,  with  its  head  centre  in  the  medulla,  an<i  secondary  centres  elsewhere, 
ftod  in  continuing  to  speak  uf  the  centre  in  the  medulla  as  being  "  the  respira- 
tioo  centre"  while  admitting  that  it  works  through  other  nervous  machinery 
placed  lower  down  in  the  spinal  cord,  and  that  this  subordinate  machinery 
may  in  exceptional  cases  carry  out,  though  inade<juately,  the  work  of  the 
chief  cenire. 

$  364.  Admitting  then  the  exifltence  of  this  medullary  respiratory  centre 

the  queBtioD  naturally  arises,  Are  we  to  regard  its  rhythmic  action  as  due 

eveotially  to  changes  taking  place  iu  itself,  or  as  due  to  afferent  nervous 

impulses  or  other  stimuli  which  atfect  it  in  a  rhythmic  manner  from  without  f 

In  other  words,  Is  the  action  of  the  centre  automatic  or  purely  reHex  'i     We 

know  that  the  centre  may  be  intluenced  by  impulses  proceeding  from  without, 

and  that  the  breathing  may  be  aflecteil  by  the  action  of  the  will,  or  by  an 

emotion,  or  by  a  <lash  of  cold  water  on  the  skin,  or  in  a  hundred  other  ways ; 

but  the  fact  that  the  action  of  the  centre  maybe  thus  modified  from  with- 

cac,  is  no  proof  that  the  continuance  of  iu  activity  is  dependent  on  extrinsic 


In  Attempting  to  decide  this  question  we  naturally  turn  to  the  pneumo- 
CMirio  as  being  the  nerve  most  likely  to  serve  as  the  channel  of  afferent 
impulses  setting  in  action  the  respiratory  centre.  If  both  vagus  nerves  be 
divided,  respiration  still  continues,  though  in  a  modified  form.  This  proves 
dft0tlDCl]y  that  afferent  impulses  ascending  those  nerves  are  not  the  efficient 
cftttse  of  the  respiratory  movements.  We  have  seen  that  when  the  spinal 
oord  is  divided  below  tne  medulla,  the  facial  and  laryngeal  movements  stilt 
coolioue.  This  proves  that  the  respiratory  centre  is  still  iu  action,  though 
its  activity  is  unable  to  manifest  itself  in  any  thoracic  movement.  But  when 
tb«  cord  is  thus  divided,  the  respiratory  centre  is  cut  off  from  all  sensory 
impulses,  save  those  which  may  pass  into  it  from  the  cranial  nerves  of  sen- 
•ory  function  ;  and  that  tha*e  sensory  cranial  nerves  are  not  specially  con- 
cemeil  in  developing  the  activity  uf  the  respiratory  centre  is  shown  by  the 
ikci.  that  the  division  of  these  cranial  nerves  by  themselves,  when  the  medulla 
mod  Bpinal  cord  are  left  intact,  does  not  do  away  with  the  continuance  of 
reipiraUon.  One  cranial  nerve,  as  we  shall  see,  is  especially  concerned  in 
rvpiration,  viz.,  the  vagus  nerve ;  but  if  af\er  removal  of  the  brain  above 
the  medulla  both  vague  nerves  be  divided,  respiration  still  goee  on  ;  indeed, 
the  respiratory  impulses  proceeding  from  the  centre  are,  though  in  a  peculiar 
wftjr,  exaggerateil.  Hence,  though  we  cannot  put  the  matter  to  an  experi- 
ital  test  by  dividing  every  sensory  nerve  in  the  body,  while  leaving  the 
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motor  tierves  of  respiraiou  intact,  such  an  operation  beiog  practically  impoA- 
sible,  we  may  infer  that  the  respiratory  impulses  proceeding  from  the  respira- 
tory centre  are  not  simply  oHerent  impulseg  reaching  the  centre  along  att'erent 
nerves  and  transformed  by  reflex  action  in  that  centre.  They  evidently  start 
de  novo  from  the  centre  itself,  however  much  their  characters  may  be  affected 
by  afferent  impulses,  reaching  that  centre  at  the  time  of  their  being  gener- 
ated.    The  action  of  the  centre  is  automatic,  not  simply  reflex. 

li  365.  We  find  on  inquiry  that  the  activity  of  the  centre  is  profoundly 
influenced  by  two  classes  of  events.  Theae,  as  we  might  expect*  are,  on  the 
om*  hand,  events  producing  changes  iu  the  quality  of  the  blood  distributed 
to  the  medulla  by  the  left  ventricle,  especially  as  regards  its  gases,  that  is  to 
aay,  events  modifying  the  interchange  taking  place  in  the  lungs;  and  on  the 
other  hand,  nervous  impulses  started  in  various  ways  and  reaching  the  centre 
along  various  nerves  or  nervous  tracts.  It  will  be  convenient  to  consider  the 
latter  [irst. 

Afferent  nervous  impulses  may  affect  the  centre  in  many  various  ways. 
The  whole  act  oi  breathing  or  of  taking  a  breath  Is  a  double  act,  consLsting 
of  an  inspiration  and  an  expiration,  and  nervous  impubes  may  eepecially 
aifect  the  one  or  the  other.  One  mode  of  breathing  may  differ  from  another 
in  the  depth  of  the  individual  breath,  in  the  volume  of  air  taken  iu  and 
given  out;  and  nervous  impulses  may  increase  or  may  diminish  the  depth 
of  a  breath,  the  volume  of  air  respired-  One  mode  of  breating  again  ditfers 
from  another  iu  the  rapidity  with  which  one  breath  sncceeds  another,  that  ia, 
in  the  rate  of  rhythm  ;  and  nervous  impulses  may  slow  or  may  quicken 
rate  of  rhythm.  Then,  again,  combination  of  effects  so  numerous  and  varii 
as  almost  to  hatile  description  may  result  frnni  the  influence  of  various  ner 
vouH  impuUes.  Emotions  may  alfectasiugle  breath  or  a  long  series  of  breaths, 
may  quicken  the  rhythm  while  making  each  breath  more  shallow,  or  may 
at  the  same  time  make  each  breath  deeper,  or  ma^  s\ovs  the  rhythm  in  either 
the  one  or  the  other  manner,  and  may  bear  chiefly  on  inspiration  or  on 
expiration.  Moreover,  there  is  not  an  afferent  nerve  in  the  body  which  by 
means  of  afferent  impulses  passing  along  it  may  not  be  the  iostrumeot  of 
influencing  the  respiratory  centre.  Of  all  the  automatic  centres  in  the  body 
the  respiratory  centre  is  the  one  whose  independence  is  most  obscured  by  the 
repeated  effects  of  aff'erent  nervous  impulses, 
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BrntcT  ojf  Rephration  or  Secno:!  or  Otnt  Vioxm. 

The  T*ffu»  vru  divided  at  the  point  m»f ted  x.    The  curre  w«  obtained  by  roesni  of  m 
cnnnecled  with  &  rMwlvcr  Into  which  tlw  animal  trabblt)  bRath«d.  u  tbown  Iu  Pig.  ISi,  Mm  lever 
&1UDK  in  loiiplraUon  aa  air  Is  tucked  out  of  the  tambour  and  rlalDg  in  expiration  w  the  air  r<etiin» 
InipiniUon  begins  at  a  and  «nds  at  b.    Explmlion  begins  at  b  and  ends  at  c    The  lever  gndimlly 
laUi  between  c  and  a,  owing  m  the  wcajie  of  air  from  the  apparatus. 
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Certain  atforent  nerves,  however,  appear  to  be  more  closely  connected  with 
ittbao  others;  and  of  these  the  mo»«l  conepicitouB  aud  important  are  the  two 
va^oervefl,  which  we  have  already  mentioued  in  this  eoniiection.  Their 
inporuoce  is  well  illustrated  by  the  foUowiug  experiments  :  If  one  vagus  be 
diTide<l  in  an  ordinary  way,  without  any  6[>eciHl  precautions,  the  respirdtion 
is  either  not  materially  changed,  or  if  affected  becomes  slower  (Fig.  139). 
If  both  be  divided  (Fig.  140)  it  becomes  very  slow,  the  pauses  between 
expiration  and  inspiration  being  markedly  prolonged.  The  character  of  the 
fttpiralory  movement,  too,  is  markedly  changed ;  each  respiration  is  fuller 
sou  <ieeper»  so  much  bo,  indeed,  that,  according  to  some  observers,  what  is  lost 

Fia.  iw. 


Effk-t  om  KtxriftAiioK  or  BKcnox  ok  Both  Vachi  NEnvn, 
Tb*  ciiiTv  wu  obtained  in  tbc  Mine  way  a*  fl^.  139.    TlM  aeeond  vacus  nerre  wu  aivlded  at  x. 

in  rate  is  gained  iuextent,  the  amount  of  carbonic  acid  produced  and  oxygen 
consumed  in  a  given  period  remaining  after  division  of  the  nerves  about  the 
«UM  u  when  these  were  intact;  but  it  is  undesirable  to  insist  too  much  on 
liie  exactness  of  this  compensation. 

PiO.   141. 


QVIc;KBXt3!0  nv  RxattBATION    HV   i;BNTLK  tfTIUULATIi.N  OK  THK  CRNTK 4  L    EsU  Of  THE  VAOTO  T«rK«. 

The  carve  wan  obtainwl  Id  tbe  mow  way  ai  Fifi.  laa.  140.    BtlmulaUoii  of  ibe  jmgtXB 
bcfftD  at  X  and  eud«d  at  7. 

When  after  division  of  both  vagus  nerves  in  the  neck,  the  medulla  being 
ioUct,  the  central  stump,  that  couuectod  with  the  central  nervous  system,  of 
one  of  them  is  stimulated  with  a  gentle  interrupted  current,  the  cHects  are 
BOC  always  the  same;  one  of  two  results  may  follow,  and  that  whichever  of 
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the  two  nervea  be  used.  lo  a  certain  number  of  cases,  aod  these  may,  per- 
haps, be  regarded  aa  the  more  typical  oiieSj  the  reapiration,  which  from  the 
division  of  the  nerves  had  becoiae  alow,  is  quickened  again  (Fig.  141),  and 
with  care,  by  a  proper  application  of  the  stiraulue,  the  norma!  respiratory 
rhythm  may  for  a  time  be  restored.  Upc»n  the  cessation  of  the  stimulus  the 
slower  rhythm  returns.  If  the  current  be  increafltd  in  streujjth,  the  rhythm 
may  in  some  cases  he  so  accelerated  that  inspiration  bo);];ins  before  the  expira- 
tion of  the  preceding  breath  is  completed  {.Fig.   142),  and  this  may  goon 

Fto.  142. 


SrrSIDLATION  OP  VAOrS  LEADrSff  TO  iNSPinATORY   IscnEA*tL 

Thiacnrvu,  unllku  tbo  precodiuK.  WHAobuUued  bjr  itirertlnga  nocdle  thmiigh  the  body  wall,  m  as 
lo  Tmi  on  the  dUpbragm,  nnd  attaching  a  levf  r  to  tbe  needle.  (See  ^32d.)  The  lever  rise*  wltb  each 
CMntracUon  or  the  diaphragm,  tto  that  tnsplnitiuD  begins  at  a  and  euda  at  b.  cocplratlon  bcgliu  at  b 
ttud  endu  at  c,  tbo  Intenal  between  c  and  n  uornapoadlnR  to  the  pause.  Stiniulallou  of  tha  vagus 
begtuB  at  X.  It  wHl  Ix'  vetMi  that  ii|ioii  BtlmulAtlon  tlie  ItiaplratorT  f\*es  of  the  }ever  beglu  long  before 
the  preceding  expirattoua  are  complete. 

until  at  last  the  diaphragm  is  brought  into  a  condition  of  prolonged  tetanus, 
and  a  standstill  of  respiration  in  ati  extreme  inspiratory  phase  is  the  result. 
On  the  other  hand,  in  a  certain  number  of  cases  the  result  is  of  an  opposite 
character.  Even  though  the  respiration  be  already  slowed  by  division  of 
the  nerves,  stimulation  produces  a  still  further  slowing,  the  pauses  between 
each  expiration  and  the  succeeding  in«piraLion  are  prolonged  {cf.  Fig.  143), 
and  in  a  certain  number  of  cases  actual  standstill  is  brought  about,  but  a 
standstill  of  a  kiu4i  the  opposite  of  the  one  just  described,  since  the  dia- 
phragm which  in  that  case  was  in  prolonged  tetanus  is  in  this  case  completely 
relaxed  and  remains  for  some  time  in  tbe  condition  in  which  it  is  at  tbe  close 
of  an  ordinary  breath.  In  a  certain  number  of  cases,  and  these  are  not 
uncommon,  the  result  is  intermediate  between  the  two  above  extremes;  tbe 
diaphragm  stands  still  in  a  prolonged  cnntraction  in  a  position  which  is 
intermediate  between  the  height  of  inspiration  and  expiration. 

These  results  suggest  the  conclusion  that  the  vagus  nerve  (we  are  dealing 
now  with  the  main  trunk  of  the  nerve)  contains  alferent  fibres  of  two  kinds 
connected  with  the  respiratory  centre;  one  kind  augmenting  the  action  of 
the  centre  s<imewhat  in  the  same  way  as  the  augnicntor  cardiac  fibres  aug- 
ment the  beat  of  the  heart,  and  the  other  kind  having  an  inhibitory  etfect. 
Apparently  sometimes  the  one  and  sometimes  the  other  kind  is,  according  to 
eircumslauceB,  most  provoked  by  the  stimulation,  much  in  the  same  way 
as  stimulation  of  the  vagus  in  the  frog,  which,  as  we  have  eeen>  §  158,  ia 
the  channel  for  both  inhibitory  and  augmentor  eardinc  impulses,  produces 
sometimes  inhibition,  sometimes  augmentation  of  tbe  heart  beat.     To  afiect 
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ihe  beart  of  course  the  stiiuutatioD  of  the  vagus  luuet  be  centrifugal,  directed 
toward  the  periphery,  whereas  to  attiect  the  respiration  it  must  be  centri- 
petal, applied  to  the  part  of  the  uerve  counecte<l  with  the  brain  ;  and  while 
the  u?iial  eH'ect  on  the  heart  of  ordinary  gtiiniilation  of  the  vagus  is  inhibi- 
tion, augmentation  only  occurring  in  special  casee^  the  most  common  efiect 
00  r««piratiuu  iu  augmentation,  though  inhibition  ia  not  uufrequently  seen. 
When  the  exfteriment  is  conducted  on  an  animal  under  the  full  influence  of 
chloral,  stimulation  of  the  vagus  generally  produces  inhibition  uf  rei^pira- 
tion,  prubaiily  because  the  chloral  renders  the  respiratory  centre  more  sus- 
ceptible to  inhibitory  inHuencea. 

ii366.  We  said  just  now  "the  action  of  the  centre";  but  the  rej*piratory 
centre  is  a  double  one;  it  gives  rise  to  inapiratory  and  U}  expiratory  etferent 
impulses,  and  these  are  antagonistic  the  one  to  the  other.     If  inspiratory 
and  expiratory  inipules   issued  from  the  centre  at  the  same  time  and  in 
«qual  potency,  there  could   be  nu  breathing  at  all,  they  would  neutralize 
each  other's    effects;    and,  indeed,  any  amount  of  inspiratory  impulse   la 
antacoDtstic  to  a  simultaneous  expiratory  impulsCj  and  vice  verm.     Hence, 
for  the  adequate  services  of  the  respiratory  centre  we  might  expect  to  find 
that  each  kind  of  afferent  impulse  ascemling  the  vagus  ati'ectcd  the  centre 
in  a  ilouble  and  opixtsite  way,  inhibiting  expiration  while  augmenting  inspi- 
ration, or  inhibiting  in^jiinitiou  Avliile  augmeiitiug  expiration.     If  we  allow 
oarselves  to  speak  of  the  whole  re-spiratory  centre  as  consisting  of  two  parts, 
ooe  the  inspiratory  part»  or  inspiratory   centre  concerned   in   the  issue  of 
iaspiratory  impulsett,  and  the  other  the  expiratory  part,  or  expiratory  centre 
concerned  in  the  issue  of  expiratory  impulses,  we  may  suppose  that  theae 
centres  are  so  related  to  each  other  ibat   afferent    impulses,  reaching  the 
mednlla,  which  augment  or  inhibit  the  one,  necessarily  inhibit  or  augment 
liie  other.     We  need  perhaps  hardly  add  that  of  these  two  centres  we  should 
expect  to  find  the  inspirat^^ry  centre  the  dominant  and  the  most  responsive 
Me;  in  normal  breathing  it  cumes  almost  alone  into  obvious  use,  since  aa 
we  have  eeen  the  expiratory  muscles  have  then  a  very  »<light  tui<k  only,  the 
cheA  being  emptied   chietly  by  elastic  reaction ;  and,  «[fenking  generally, 
brtfaihiug  in   is  the  fir«t  consideration,  we  breathe  tiut  mostly  l>ecause  we 
have  already  breathed  in. 

There  are  many  facts  which  suppctrt  this  view  of  the  double  antagonistic 
aftion  of  afferent  resj>irat«ry  impulses.  If  the  central  end  of  the  superior 
laryngeal  branch  of  the  vagus  be  stimulated  the  effectfl  are  much  more  coq- 
itant  than  those  of  stimulating  the  main  vagus  trunk.  Whether  the  main 
Snnk  of  the  nerve  be  previously  severed  or  not,  the  result  of  centripetal 
Jtinulation  of  the  superior  laryngeal  branch  is  always  in  the  direction  of  a 
akraing  of  the  respiration  (Fig.  \A'j)  ;  and  this  may  bv  proper  stimulation 
be  carried  so  far  that  a  comi»tete  stanrbtill  of  respiration  in  the  phase  of 
Rsl  ia  brought  alMMit.  While  the  main  trunk  of  the  vagus  contains  fibres 
id  two  kinds,  lK>th  augmentor  and  inhibitory  of  inspiration,  the  superior 
iuyngeft]  branch  appears  to  contain  one  kind  only,  those  which  inhibit 
ivpijBtioD.  If  now  while  this  experiment  is  being  conducted  on  a  rabbit 
tile  abdomen  be  watched,  it  will  be  seen  that  the  inhibition  of  inspiration  is 
■eeoaiMUued  by  a  contraction  of  the  abdominal  muscles,  that  is  by  an  effort 
tt  expiration  ;  the  stimulation  of  the  nerve  while  inhibiting  respiration  pro- 
Toicee,  to  a  certain  extent,  expiration, 

$  367-  That  the  trunk  of  the  vagus  is  the  channel  of  these  two  kinds  of 
impaUes.  of  a  mutually  autagonistic  character,  ia  further  shown  by  apply- 
iag  what  may  be  considered  as  natural  stimuli  to  the  endings  of  the  nerve 
£0  the  lungs;  and  the  results  so  obtained  have  an  especial  value  since  the 
artificial  atimulatiou  of  a  nerve-fibre,  at  a  part  of  its  course  by  means  of  aa 

31 


TUG    NERVOUS    MECHANISM    OF    RBSPIRATIOK, 


483 


If  in  AD  animal   in  which  a  carefuJ   graphic   record  of  the  respiratory 

moveiDenU  i»  being  taken,  the  trachea  he  suddenly  cloeed  at  the  sumuiit  of 

u  iiiapir&tion,  the  re^^tilt  iu  a  pau^  bel'ore  the  succeeding  inspiration  follows, 

liuit  IB  to  say,  a  partial  or  t^niporary  inhibition  of  inspiration;  and  if  during 

*ucli  an  experiment  on  a  rabbit  a  curve  be  taken  by  means  of  the  isolated 

"Jip  ui  the  diaphmgni,  §  H29,  it  will  be  seen  (Fig.  144,  A)  that  the  slip  elou- 

^U-»  SHunewhat ;  that  is  to  say,  previously  in  a  state  of  alight  tonic  conlrac- 

tiuD,  \l  changes  in  the  direoliou  of  expiration.     If,  on  the  other  band,  the 

trachea  be  suddenly  clo8ed  at  the  end  of  an  expimtioii  (Fig.  149,  B).  when 

tfce  Jungs  have  returned  to  their  emjitied  condition,  the  result  is  an  increase 

of  the  sequent  inspirations,  that  1^  to  say,  an  augmentation  of  inspiratory 

impulMS.     If  the  chest  or  if  the  lung  only  be  gently  inflated,  a  tem(K)rary 

ccflBatiuD  of  all  inspiration  may  be  produced,  accompanied  sometimes  by  an 

Attempt    at  expiration.     If,  on   the  other  hand,  air   be  sucked  out  of  the 
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^^B  Ervrjm  or  KKrEATKr*  Inflations.    P<«*itive  VENTii_»Tio?t,    (Ukai>.) 

^^■ilk*  lowar  enrvtt  la  descrtbed,  u  In  Fig.  144,  by  a  lever  altachod  to  a  slip  of  the  dliipbmt[in.    Tbe 
^Bwvar  oorvD  •bowi  Uw  lodAUoiw  from  x  to  |r,  wblob  wero  made  without  any  aiumpt  lo  draw  Uie 
•trr^t  at  «mch  inflation;  esc b  rise  on  tbli  carve  deuoten  nn  InfUUoii.    It  will  hv  ulMervcd  Ibataa 
U>c  laOatlona  are  continued  tbe  rospiralory  moTeaient£  of  the  dlaphnM^m  are  rrmdtully  "  kiwcked 

dicit,  or  if  one  lung  be  made  to  collaj)6e  by  puncture  of  one  pleural  cham- 

Ixff,  a  prolonged   inspiration   is  the  frequent    result,  the  diaphragm    being 

ilihiwn   into  a  prolonged  inspiratory  tetanus.     If  the  lungs  are  repeatedly 

intlated.  without  any  means  being  taken  to  draw  out  the  air  after  each  infla- 

t-ion  (Fig.  145),  a  procedure  which  we  may  speak  of  as  jMwitive  ventilation, 

*^  result  is  that  the  inupiratory  ett'orts  are  diminished,  and  if  the  ventila- 

^^ion  is  continued  may  cease  altogether.     If,  on  the  other  hand,  air  is  repeat* 

*<ily  sacked  out  of  the  lungs,  without  any  corresponding  indations.  negative 

'^'^ mutilation,  the  inspiratory  efforts  are  increased  (Fig.  146),  and  the  increase 

*^uy  be  such  as  to  bring  the  diaphragm    to  a  state  of  tetanus.      And   in 

K^ueral,  though  several  complications  occur  which  we  cannot  discuss  here, 

*^fce  results  of  inflation  of  the  lungs  on  the  one  band  and  of  suction  or  col- 

^■ilise  of  tbe  lungs  on  the  other  hand,  show  that  the  mere  inflation  or  per- 

**aM  rather  the  mere  distention  of  the  lung  tends  to  inhibit  inspiratory  and 

^■ner  in  expiratory  impulses,  w.Mle  collapse  of  the  lung  tends  to  inhibit 

►ry  and  to  develop  inspiratory  impulses,  the  effect  on  the  inspiratory 

B  might  be  expected  from  the  dominance  of  the  insfuralory  pK)r- 

of  the  centre,  being  more  marked  than  the  effect  on  the  expiratory 

llaes.     That  the  instrument  by  which  these  etlects  are  produced  is  the 

nerve  is  shown   by  the  fact   that   they  are  no  longer  distinctly  reeog- 

le  when  both  vagus  nerves  are  divided.     And  that  the  results  are  due 

^ the  mere  mechanical   cx[mnsion  and  collapee  of  the  lung  in  insufflation 

^d  oolla{«e,  and  not  Uj  any  chemical  influences  exerted   by .  the   larger 
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streugtlia  brought  to  bear  on  various  nerves  are  very  varied.  Sometimes 
tbe  result  is  an  increase  of  inspirattuu,  and  that  either  by  a  i^uickeDiug  of 
the  rhythTTi  or  by  an  increase  of  the  iiidividnal  breaths  or  by  a  combination 
of  the  two.  Sometimes  the  result  is  inhibition  of  inspiration  accompanied 
or  not  by  an  increase  of  expiration,  and  aoraetimes,  as  when  the  stimulation 
causes  a  cough,  the  expiratory  results  may  be  out  of  all  pnnwrlion  to  the 
moditications  of  inspiration,  while  in  the  ease  of  some  nerves,  for  instance, 
as  we  have  seen,  the  superior  larynj^eal,  and  it  is  said  the  splanchnic  nerves, 
the  effects  are  exclusively  or  at  least  chiefly  inhibitory  of  inspiration  and 
augmentative  oi'  expiration,  that  is  expiratory,  and  in  others,  perhaps,  chiefly 
augmentative  of  inspiration  or  inspiratory,  in  the  cast;  of  most  nerves  the 
efl'ect  may  be  according  to  circumstances  either  in  the  one  direction  or  the 
other.  Perhaps,  as  a  rule,  weak  stimuli  tend  to  aueraent  and  strong  to 
inhibit  inspiration:  but  the  eflects  of  artificially  stinnilalin^  sensory  uerva 
are  complicjited  and  otlen  confused,  because  posverful  afferent  impulses  by 
giving  rise  to  pain  may,  throup-h  impulses  generated  by  the  pain  itoelf  and 
descending  to  the  niedulta  from  the  brain,  act  in  an  indirect  as  well  as  in  a 
direct  manner;  and  the  prominence  of  the  indirect  painful  impulses  will  in 
any  experiment  depend  on  t  he  nna^sthetic  used.  We  may  say.  however,  that  in 
all  cases  the  effect  is  very  largely  determined  by  the  condition  at  the  time  being 
of  the  respiratory  centre  itself;  and  that  in  turn  is  determined  not  only  by 
things  which  aflect  its  nutrition,  such  as  the  character  of  the  blood  circu- 
lating in  it,  but  also  by  the  nature  and  amount  of  the  other  afferent  impulses 
which  are  playing  upon  it  at  the  game  time.  Thus,  as  we  shaM  presently  see, 
the  effect  of  a  atimulus  applied  to  the  vagus,  when  the  respiratory  centre  is 
inadequately  supplied  with  arterial  blood,  is  not  the  same  when  the  centre 
has  ita  normal  supply  of  uariutLl  Mood.  So  also  a  stininluH  which,  applied 
to  the  vagus  or  t«t  another  nerve  in  an  intact  animal,  simply  quickens 
inspiration,  applied  in  an  animal  whose  cerebral  liemisphercs  have  been 
removed  will  call  forth  a  prolonged  tetanic  inspiratory  gasp.  The  respira- 
tory centre  responds,  in  fact,  in  the  most  iutricnte  and  varied  manner  to 
nervous  imp\ilsea  proceeding  from  all  parts  of  the  body,  and  thus  deli- 
cately adjusts  the  working  of  the  respiratory  pump  to  the  needs  of  the 
economv. 

§  370.  The  complicated  nature  of  the  respiratory  centre  is  further  8how*n 
by  the  fact  that  it  appears  to  consist  of  two  lateral  halves  whtcli  normally 
work  in  unison  and  yet  may  be  made  to  w(»rk  inilepciideutly.  If  the  medulla 
oblongata  be  carefully  divided  in  the  middle  Hue  respiratimi  may  continue 
to  go  on  in  (piite  a  normal  fashion.  If,  however,  one  vagus  be  then  divided, 
the  respiratory  movenjenta.  both  costal  and  diaphragmatic,  on  the  side  of  the 
body  on  which  division  of  the  vagus  has  taken  place,  become  slower  than 
thwe  on  the  other  side,  so  that  the  two  sides  are  no  longer  synchronous;  and 
a  stimulus  confined  to  one  vagus  affects  the  respiratory  movements  of  that 
side  of  the  body  only.  So  also  a  section  of  a  lateral  half  of  the  cord  below 
the  medulla  stops  the  respiratory  movements  on  that  side  alone. 

§  371.  Besides  these  nervous  influences,  however,  there  is  another  circum- 
stance which,  perhaps,  above  all  others,  affects  the  respiratory  centre,  and 
that  is  the  condition  of  the  blood  in  re8i>ect  to  its  respiratory  changes;  the 
more  venous  (less  arterial)  the  blood,  the  greater  is  the  activity  of  the  respira- 
tory centre.  When  by  reason  either  of  any  hindrance  to  the  entrance  of  air 
into  the  chest  or  other  interference  with  the  due  interchange  between  the 
blood  and  tiic  pulmunary  air  or  of  a  greater  respiratory  activity  of  the  tissue*, 
aa  during  muscular  exertion,  the  blood  becomes  less  arterial,  more  venous, 
I,  c,  with  a  smaller  charge  of  oxygen  and  more  heavily  laden  with  carbonic 
acid,  the  respiration  irnni  being  normal  becomes  labored.    We  may  s|ieak  of 
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Donual  breathing  aa  eupima,  and  say  that  this,  when  the  blood  ia  insufficiently 
arterialiKed,  pasBes  into  dyepnan^  an  intermediate  stagti  iu  which  the  respira- 
lory  moyementfl  are  simply  exaggerate,  being  known  as  hyperpnfta.  The 
modifications  of  breathing  thue  caused  by  deHcient  arterialization  of  blood 
ireapecially  characterized  by  an  increase  in  the  total  energy  of  the  respira- 
tory impulsee  generated,  and  In  this  respect  differ  from  the  modifications 
roultiog  from  interference  with  the  nervous  arrangements  such  as  those  fol- 
lowing upon  section  of  the  va*^us  nerves,  in  which  cuse,  as  we  have  seen,  the 
Htytbm  u  much  more  profoundly  aliected  than  the  amount.  In  dyspnoea 
the  breathing  is  frequently  quicker  as  welt  as  deeper,  there  is  an  increase  in 
U»nim  of  efferent  respiratory  impulses,  and  the  expiratory  impuLsea,  which 
in  Dormal  respiration  are  very  slight,  acquire  ii  prouounced  importance.  Aa 
the  biood  becomes  in  cases  of  obstruction  les8  and  less  arterial,  more  and 
XDon  venous,  the  discharge  from  the  respiratory  centre  becomes  more  and 
more  vehement,  and  instead  of  confining  itself  to  the  usual  tracts  and  pass- 
ing down  to  the  ordinary  respiratorv  muscles,  overflows  into  other  tracts  and 
Ciis  into  action  other  muscles,  until  there  is.  perhaps,  hardly  a  muscle  iu  the 
fly  which  is  not  made  to  feel  its  ettects.  The  muscles  which  are  thus  more 
and  more  thrown  into  action  are  especially  tlwjse  tending  to  carry  out  or  to 
Mist  expiration  ;  and  at  last,  if  no  relief  is  afforded,  the  violent  but  alill 
definite  respiratory  movements  give  way  to  general  convulsions  of  the  whole 
Itody,  which,  however,  have  to  a  certain  extent  an  expiratory  character. 
With  the  onset  of  these  convulsions  dyspnoea  is  said  to  have  passed  into 
«^^iia.  By  the  violence  of  these  convulsions  the  whole  nervous  system 
bcooiDeB  exhausted,  the  convulsions  cease,  and  death  is  ushered  in  through  a 
^infrequent  and  long-drawn  breaths;  but  to  this  miUter  we  shall  return. 
Tm effect  of  venous  bhHxl.  then,  is  to  augment  all  those  natural  explosive 
"♦Compositions  of  the  substance  of  the  central  nervous  system  which  give  rise 
t'^  respiratory  impulses:  it  increiises  their  amount  luid  also  quickens  their 
rhvihni.  The  latter  change,  however,  is  much  less  marked  than  the  former, 
the  reepiratiou  being  much  more  deepened  than  hurried^  and  the  several 
r^piralory  acts  are  never  so  much  hastened  as  to  catch  each  other  up,  and 
HHi>  produce  an  inspiratory  tetanus  like  that  resulting  from  stimulation  of 
the  vagus.  On  the  contrary,  especially  as  exhaustion  begins  to  set  in,  the 
HiTthm  becomes  slower  out  of  proportion  to  the  weakening  of  the  individual 
naovecaenu. 

$872.  The  question  naturally  arises,  Does  this  condition  of  the  blood 
™et  the  substance  of  the  central  nervous  system,  that  is  to  say,  the  reapira- 
^n^  centre  in  the  medulla  (and  the  subsidiary  spinal  nervous  mechanisms) 
directly,  or  does  it  produce  its  effect  by  stimulating  the  peripheral  ends  of 
*^^Teai  Derves  in  various  jwrts  of  the  body,  and,  by  the  generation  there  of 
™rw)l  impulses,  indirectly  modify  the  action  of  the  central  nervous  system? 
"nhout  denying  the  possibility  that  the  latter  mode  of  action  may  help  in 
^«  matter,  as  regards  not  only  the  vagus,  but  all  afferent  nerves,  the  foliow- 
uj^  facts  seem  to  show  that  the  main  effect  is  produced  by  the  direct  action 
^i  the  blood  on  the  central  nervous  B}'8teu,  and,  indeed,  on  the  medullary 
'•'pinitory  centre  itself  If  the  spinal  cord  be  divided  below  the  medulla 
owoDgata,  and  both  vagi  be  cut,  want  of  proper  aeration  of  the  blood  still 
P^Uoes  an  increased  activity  of  the  respiratory  centre,  as  shown  by  the 
^cwtted  vigor  of  the  facial  respiratory  movements.  If  the  supply  of  blood 
**  cut  off  from  the  medulla  by  ligature  of  the  carotid  and  intervertebral 
*[t«ritt  dyspnoea  is  produced,  though  the  operation  produces  at  first  no 
<^b»oge  in  the  blood  generally,  but  simply  affects  the  respiratory  condition 
^' ^  medulla  itself  by  cutting  off  its  blood-supply,  the  immediate  result 
<^^vfaich  is  an  accumulation  of  carbonic  acid  and  a  paucity  of  available 
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oxygen  in  the  nervous  subataoce  of  that  region.  If  the  blood  in  the  carotid 
artery  in  nn  animal  he  wanned  above  the  normal,  a  dyspnoea  is  produced 
whiclv  though  apparently  uut  ouite  identical  with  the  dyspnoea  caused  by 
imperfect  arterialization  of  the  blood,  shows  that  the  too  high  temperature 
of  the  blood  directly  aflects  the  activity  of  the  respiratory  centre.  We  may 
conclude,  therefore,  that  the  condition  of  the  blood  afiectti  respiration  by 
acting  directly  on  the  respiratory  centre.  Moreover,  it  ia  the  medullary 
centre  which,  at  all  events  in  adult  animals,  is  affected  by  the  too  venous 
blood,  since  after  divisi<»n  of  the  spinal  cord  below  the  meiJulla,  dysnua'ic 
thoracic  respiratory  movements  and  convulsions  do  not  follow  upon  exclusion 
of  air.  They  are,  however,  stated  to  occur  in  newborn  auimal8,  indic-ating 
that  the  subsidiary  mechanisms  in  the  upper  spinal  cord,  of  which  we  spoke 
in  ^  ^G4,  may  be  also  afiected  by  the  too  venous  blood  ;  but  the  doubts  which 
we  previously  urged  hold  gtwd  in  thetse  cases  also. 

While  the  respiratory  centre  is  thus  being  affected  by  the  too  venous  blox>d, 
it  is,  until  exliauj*tiou  begin?^  to  set  Wy  more  irrilnble,  more  easily  and  largely 
affected  by  aHereut  impulses  than  in  its  normal  condition.  During  dyspnoea 
a  stimulus  which  applied  ti>  the  vagii&  or  to  some  other  senKiry  nerve  under 
normal  conditions  would  produce  little  or  no  effect,  may  start  very  powerful 
respiratory  movements. 

§373.  Deficient  aeration  produces  two  effects  in  blood:  it  diniinisbes  the 
oxygen  and  increases  the  carbonic  acid.  Dti  both  of  these  changes  affect 
the  respiratory  centre,  or  unly  one,  and  if  eo,  which?  When  an  animal  is 
made  tu  breathe  an  atmosphere  containing  nitrogen  only,  the  exit  of  car- 
bonic acid  by  diffusion  is  not  affected,  and  the  blood,  ns  is  proved  by  actual 
analysis,  contains  no  excess  of  carbonic  acid.  Yet  all  thu  phenomena  of 
dyapnoja  are  present,  and  if  the  experinieut  be  continued,  convulsions  en^ue 
and  the  animal  dies  in  asphyxia.  In  this  case  the  result  can  only  be 
attributed  to  the  deficiency  of  oxygen.  On  the  other  haufl,  if  an  animal  be 
made  to  breathe  an  atmosphere  rich  in  carbonic  acid,  but  at  the  same  time 
containing  abundance  of  oxygen,  though  the  breathing  becomes  markedly 
deeper  and  also  somewhat  more  freqtient,  there  is  no  culmination  in  a  con- 
vulsive asphyxia,  even  when  the  quantity  of  <.^rbonic  acid  in  the  blood,  us 
shown  by  direct  analysis,  is  very  largely  increased.  On  the  contrary,  the 
increase  in  the  respiratory  movements  may  after  a  while  pass  off',  the  animal 
becoming  unconscious,  and  ap]>eariug  to  be  suffering  rather  from  a  narcotic 
poison  than  from  simpJe  dyspnoia ;  the  excess  of  carbonic  acid  in  the  blood 
ap|)ear8  to  affect  other  parts  of  the  central  nervous  system,  and  e8|)ecialiy 

1)orti(in8  of  the  brain^  more  profimndly  than  it  does  the  respiratory  centre, 
t  has  been  maintained  by  some  that  while  a  deficiency  of  oxygen  promotes 
inspiratory  muvemeuts,  an  excet^s  of  carbonic  acid  stimulates  the  expiratory 
movements,  the  nervous  mechanisms  b<;ing  so  arranged  that  a  lack  of  oxygen 
leads  to  an  effort  to  get  more  of  it,  and  a  too  great  load  of  carbonic  acid  to 
an  effort  to  get  rid  of  it ;  but  the  facts  arc  opimsed  to  the  existence  of  any 
such  teleological  adaptation.  It  is  obvious,  however,  that  a  lack  of  oxygen 
and  an  excess  of  carbonic  acid  atieut  the  respiratory  i«ntre  in  very  different 
ways,  and  that  in  ordinary  cases  of  interference  with  the  iiiterchange  in  the 
lungs,  as  in  deficient  aeration,  it  is  the  lack  of  oxygen  which  plays  the 
principal  part  in  developing  the  abnormal  respiratory  movements.  We 
may  infer  that  it  too  is  chiefly  concerned  in  regulating  the  more  normal 
respiration,  but  cannot  as  yet  say  what  is  the  exact  share  to  be  attributed  to 
the  carbonic  acid. 

We  way  here  point  out  that  it  is  not  to  be  supposed  that  each  breath  is 
determined  by  the  condition  of  the  blooH  flowing  through  the  capitlaries  of 
the  medulla  at  the  moment  preceding  that  breath  ;  it  is  not  to  be  imagined 
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breath  is  the  result  of  the  lack  of  oxygen  felt  imrno(1  lately  before. 
conlrnry,  as  we  have  previously  urged,  the  respiratory  centre,  like 
the  cnrdiac  substance,  is  an  nutomatic  centre,  the  respiratory  impulses  issue 
from  it  in  rhythmic  series  as  a  result  of  the  molecular  changes  of  the 
metabolism  going  on  in  it«  substance;  and  whatever  affects  that  rhythm, 
trhetber  few  or  many  beats  be  influenced,  prodwces  its  result  by  modifying 
that  metabolism.  A  lack  of  oxygen  in  the  blood,  or  a  nervous  impulse 
aloDg  an  aflereut  fibre,  both  affect  the  centre  by  modifying  its  metabolism  ; 
but  each  probably  aflecls  it  in  a  difierent  way.  It  is  beyond  our  present 
knowledge  to  explain  how  either  the  one  ur  the  other  acts.  We  may  imagine 
that  a  lack  nf  oxygen  on  the  other  hand  has  a  more  profound  effect  in  modi- 
fVinjf  the  whole  complex  series  of  metabolic  changes,  the  whole  chain  of 
building  up  and  breaking  down  processes,  thus  in  some  way  or  other  ren- 
deriog  the  whole  edifice,  so  to  speak,  more  unstable ;  and  that  an  afferent 
augmenting  impulse  (and  pussibiy  an  excess  of  carbonic  acid)  acts  rather 
aAer  the  fashion  of  what  we  are  accustomed  to  call  a  stimulus,  and  fires  off 
a  larj^er  amount  of  the  already  stored  up  explosive  compounds.  And  we 
mar  further  imagine  that  the  special  feature  of  the  substance  of  the  respira- 
tory centre  is  that  its  metabolism  is  so  arranged  as  to  be  thus,  unlike  that  of 
other  living  substances,  rendered  unstable  and  mure  explosive,  not  simply 
diminished  or  deadened  by  a  lack  of  oxygen.  But  these  as  yet  are  matters 
of  speculation. 

We  may,  perhaps,  add  that,  under  various  nutritive  conditions,  the  sensi- 
tiveness of  the  metabolism  of  the  respiratory  centre  to  lack  of  oxygen  may 
vary  widely.  Thus,  while  undoubtedly  under  the  normal  nutritive  coudi- 
tioaa  afforded  by  the  ordinary  supply  of  normal  l)lood  to  the  medulla,  tack 
of  oxygen  in  that  blood  at  once  provokes  increased  respinitory  movements. 
it  need  not  do  so  under  other  nutritive  conditions  of  the  medulla.  By  trans- 
fxiaion  a  large  proportion  of  the  hiemoglobiu  holding  blood  may  iu  an  animal 
be  gradually  replaced  by  tuenioglobinle.'v  uornml  Huline  solution.  In  such  a 
case  the  amount  of  oxygen  brought  to  the  medulla  by  the  Jihiled  blo^id 
muet  be  greatly  diminished,  and  yet  if  the  change  be  made  sufficiently 
alowly,  no  conspicuous  dyspnti>a  is  produced  ;  under  the  new  strange  nutritive 
conditions  of  tne  diUiteil  blood  the  medulla  is  not  affected  in  the  same  way 
as  before  bv  lack  of  oxygen. 

$  374.  Inhere  are  reasons  for  thinking  that  oonditiona  of  the  blood,  other 
than  variations  in  the  amount  of  oxygen  and  carbonic  acid,  may  also  mate* 
rially  affect  the  working  of  the  respirator)*  centre.     It  is  a  matter  of  common 
experience  that  muscular  exertion,  especially  if  at  all  excessive,  increases 
the   respiratory  movements;    violent   exercise    sfHm    puts   a   man  "out   of 
breath."    This  increased  activity  of  the  respirator)'  centre  is  in  large  measure 
at  all  events  caused  by  the  ciiaracter  of  the  blood,  which  during  and  for 
■ome  little  time  atler  the  movements  is  carried   to  the  medulla,  and  not  by 
any  nervous  impulses  sent  up  to  the  medulla  from  the  contracting  muscles. 
This  is  shown   by  the  fact  that  it  in  an  animal  the  spinal  cord  be  divided  in 
the  dorsal  or  lumbar  region  and  the  hind  limbs  be  powerfully  tetanized,  ihf 
respiratory  movements  are  increased  ;  the  animal  pants  as  It  would  do  if 
faaa  been  running.     In  such  a  case  the  only  connection  between  the  ^ 
limbs   and  the  respiratory  centre  is  through  the  blood  ;    it  must  b^ 
change  in  the  btooa  caused  by  the  muscular  contractions  which  afT 
medulla  when  the  blood  passes  from  the  hind  limbs  to  be  distribu^ 
heart  to  the  medulla.     ISow  when  a  muscle  contracts   its  con' 
oxjrgen  and  production  of  cJirbonic  acid,  especially  the  latter/ 
creMed  ;  the  blood  leaving  the  muscle  is  more  venous  thai)/'  / 

when  many  muscles   are  contracting  jiowerfully,  the  blp^  Ai 
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oxygen  in  the  uervous  substance  of  that  region.  If  the  blood  in  the  carotid 
artery  in  an  animal  be  wanned  above  the  normal,  a  dyspnoea  is  produced 
which^  thuugii  apparently  not  quite  identical  with  the  dyspnoja  caused  by 
imperfect  arLeriali/ation  of  the  bSood,  Hhowa  that  the  loo  high  teni|>erature 
of  the  blood  directly  affects  the  activity  of  the  respiratory  centre.  We  may 
conclude,  therefore,  that  the  condition  of  the  blood  uflectn  respiratiuu  by 
acting  directly  on  the  respiratory  centre.  Moreover,  it  is  the  medullary 
centre  which,  at  all  events  in  adult  auimals,  is  affected  by  the  too  venous 
blood,  since  after  division  of  the  spinal  cord  below  the  medulla.  dyspuceJc 
thoracic  respiratory  movements  and  convulsions  do  not  follow  Hpon  exoiusion 
of  air.  They  are,  however,  et-aled  to  occur  in  newborn  animaU,  indicatiQg 
that  the  subsidiary  niechaniAma  in  the  iipi>er  spinal  cord,  of  which  we  spoke 
in  §  364,  may  be  also  affected  by  the  too  venous  bluod;  but  the  doubt*  wnich 
we  previously  urged  hold  gowl  in  these  ca«ec  alao. 

While  the  respiratory  centre  is  thua  being  allected  by  the  too  venous  blo^>d. 
it  is,  until  exhaustion  begins  to  set  in,  more  irritidjle,  more  easily  and  largely 
aflfecte<l  by  afferent  impufnes  than  in  hs  normal  c^indition.  During  dyspnffia 
a  stimulus  which  applied  li>  the  vagus  or  to  some  other  eensiory  nerve  under 
normal  conditions  would  ]>roduce  little  or  no  etiect,  may  start  very  powerliii 
respiratory  movements. 

§373.  Deticient  aeration  produces  two  effects  in  blood:  it  diminishes  the 
oxygen  and  increases  the  carbonic  acid.  Do  Inith  of  these  changes  affect 
the  respiratory  centre,  or  only  one,  and  if  ao,  which?  When  an  animal  is 
made  to  breathe  an  atmosphere  containing  nitrugen  only,  the  exit  of  <;ur- 
bonic  acid  by  ditiusiDU  is  not  affected^  and  the  bloo<l,  as  is  proved  by  actual 
analysis,  conlaiufi  no  excess  of  carbonic  acid.  Yet  all  the  phenomena  of 
dvBpncea  are  present,  and  if  the  experiment  be  continued,  convulsions  ensue 
and  the  animal  dies  in  ahphyxia.  In  this  case  the  result  citn  only  be 
attributed  to  the  deficiency  of  oxygen.  On  the  other  hnud,  if  an  aniaiat  be 
made  to  breathe  an  atmosphere  rich  iu  carbonic  acid,  but  at  the  same  time 
containing  abundance  of  oxygen,  though  the  breathing  becomes  markciily 
deeper  atid  also  somewhat  more  frequent,  there  is  no  culmination  in  a  con- 
vulsive asphyxia,  even  when  the  Quantity  of  carbonic  acid  in  the  blood,  as 
shown  by  direct  analysis,  ia  very  largely  increased.  On  the  contrary,  the 
increase  in  the  respiratory  movements  may  after  a  while  pass  off,  the  animal 
becoming  unconscioufc^,  and  appearing  to  be  suffering  rather  from  a  narcotic 
poison  than  from  simple  dyspnoia ;  the  excess  of  carbonic  acid  in  the  blood 
ap|)ears  to  affect  otiier  partj^  of  the  central  nervous  system,  and  especially 
portions  (►f  the  brain,  more  profoundly  ihiin  it  docs  the  respiratorv  centre. 
It  has  been  maintained  by  some  that  while  a  deficiency  of  oxygen  promotes 
inspiratory  movements,  an  excess  of  carbonic  acid  stimulates  the  expiratory 
movements,  the  nervous  mechanisms  being  so  arranged  that  a  lack  of  oxygen 
leads  tu  an  effort  to  get  more  of  it,  and  a  too  great  load  of  carbonic  acid  to 
an  effort  to  get  rid  of  it ;  but  the  facts  are  opjwsed  to  the  existence  of  any 
such  teleological  adaptation.  It  is  obvious,  however,  that  a  lack  of  oxygen 
and  an  excess  of  carbonic  acid  aflect  the  respiratory  centre  iu  very  different 
ways,  and  that  in  ordinary  cases  of  interference  with  the  interchange  in  the 
lungs,  as  in  deficient  aeration,  it  is  the  lack  of  oxygen  which  plavs  the 
principal  part  in  developing  the  abnormal  respiratory  movements.  We 
may  infer  that  it  too  is  chieHy  concerned  in  regulating  the  more  normal 
respiration,  but  cannot  as  yet  say  what  is  the  exact  share  to  be  attributed  to 
the  carbonic  acid. 

We  may  here  point  out  that  it  is  not  to  be  supposed  that  each  breath  is 
determined  by  the  condition  of  the  blood  flowing  through  the  capillaries  of 
the  medulla  at  the  moment  preceding  that  breath  ;  it  is  not  to  be  imagined 
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tbat  each  breath  is  the  result  of  the  lack  of  oxygen  felt  immediately  before. 
On  the  contrary,  as  we  have  previously  urged,  the  respiratory  centre,  like 
the  cardiac  sultetance.  ia  an  aiitumatic  centre,  the  respiratory  inipulees  issue 
from  it  in  rhythmic  aeries  as  a  result  of  the  molecular  changes  of  the 
roetabolism  going  on  in  ita  substance;  and  whatever  aH'erts  that  rhythm^ 
whether  few  or  many  I)eat8  be  intiucucc<I,  produces  its  result  by  modifying 
that  metabolism.  A  lack  of  oxygen  in  the  blood,  or  a  nervous  impulse 
along  an  aifereut  fibre,  both  atfect  the  centre  by  modifying  its  metabolism  ; 
but  each  probably  affects  it  in  a  ditferont  way.  It  is  beyond  our  present 
knowledge  to  explain  how  either  the  one  or  the  other  acts.  We  may  imagine 
that  a  lack  of  oxygen  on  the  other  hand  haii  a  more  profound  eflect  in  modi- 
fying the  whole  complex  series  of  nietaboHc  chungea,  the  whole  chain  of 
building  up  and  breaking  down  processes,  thus  in  some  way  or  other  ren- 
dering the  whole  edifice,  Si)  to  speak,  mure  unstable ;  and  that  an  atterent 
augmenting  impulse  (and  possibly  an  excess  of  carbonic  acid)  acts  rather 
after  the  fashion  of  what  we  are  actruslomed  to  call  u  stimulus,  and  fires  off 
a  larger  amount  of  the  already  stored  up  explosive  c^Mnpounds.  And  we 
may  further  imagine  that  the  special  feature  of  the  substance  of  the  respira- 
tory centre  is  that  its  metabolism  is  so  arranged  as  to  l>e  thtis,  unlike  that  of 
other  living  substances,  rendered  unstable  and  mure  explosive,  not  simply 
diiiiiuiaheil  or  deadene<]  by  a  kck  of  oxygen.  But  thetse  as  yet  are  matters 
of  speculation. 

W«  may,  perhafw,  add  that,  onder  various  nutritive  conditions,  the  sensi- 
tiveness of  the  metabolism  of  the  respiratory  centre  to  lack  of  uxygen  may 
vary  widely.  Thus,  while  undoubtedly  under  the  normal  nutritive  condi- 
tions afforded  by  the  ordinary  supply  of  normal  blood  to  the  medulla,  lack 
of  oxygen  iu  that  blood  at  once  provokes  increased  respiratory  movement*, 
it  need  not  do  so  under  other  nutritive  conditions  of  the  med\dln.  By  trans- 
fusion a  large  proportion  of  the  hremoglobiu  holding  blood  may  in  an  animal 
be  gradually  replaced  by  h a: moglob inlets  nnrnial  saline  solutioHr  In  such  a 
case  the  amount  of  oxygen  brought  to  the  medulla  by  the  diluted  blofnl 
muAt  be  greatly  diminiabed,  and  yet  if  the  change  be  made  sufficiently 
alowly,  no  conspicuous  dyspncea  is  produced  ;  under  the  new  strange  nutritive 
conditions  of  tne  dilute<i  blo<><l  the  medulla  is  nut  affected  in  the  same  way 
MB  before  by  Uck  of  oxygen. 

§  374.  There  are  reasona  for  thinking  that  condititms  of  the  blood,  other 
than  variations  in  the  amount  of  oxygen  and  carbonic  acid,  may  a\e*>  niat«- 
rially  affect  the  working  of  the  respirator)'  centre.  It  is  a  matter  of  oommoQ 
experience  that  muscular  exertion,  e8|)ecia]ly  if  at  all  excessive,  increaaea 
the  respirntory  movements;  violent  exercise  soon  puts  a  man  "out  of 
breath.'  This  increased  activity  of  the  respiratory  centre  is  iu  largo  measure 
at  all  cventa  caused  by  the  character  of  the  blood,  which  during  and  for 
some  little  time  af\er  the  movements  is  carried  to  the  medulla,  and  not  by 
anv  nervous  impulses  sent  up  to  the  medulla  from  the  contracting  muscles. 
This  is  shown  by  the  fact  that  it  in  an  animal  the  spinal  cord  be  divided  in 
the  dorsal  or  lumbar  region  and  the  hind  limbs  l>c  powerfully  tctanized,  the 
respiratory  movements  are  increased  ;  the  animal  pants  as  it  would  do  if  it 
hao  been  running.  In  such  a  ease  the  only  connection  between  the  hiud 
limbs  and  the  respiratory  centre  is  through  the  blood  ;  it  must  be  some 
change  in  the  bli>od  caused  by  the  muscular  coutractions  which  afiecta  the 
medulla  when  the  blood  passes  from  the  hind  limbs  to  be  distributed  by  the 
heart  to  the  medulla.  Now  when  a  muscle  contracts  its  consumption  of 
oxygen  and  production  of  carbonic  acid,  eepeclally  the  latter  ($  63),  are  in- 
creaaed  ;  the  blood  leaving  the  muscle  is  more  venous  than  usual.  Hence, 
when  many  muscles   are  contracting  powerfully,  the  blood  carried  to  the 
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right  side  of  the  heart  ip  more  venous  than  uana.! ;  and  we  might  expect  that 
it  is  this  unusually  venous  blood  failing  to  be  adequately  arl^rialized  in  the 
luDgfl,  and  hence  reaching  the  uiedulia  from  tlie  left  side  of  the  heart  Id  a 
more  venous,  lesa  completely  arterialized  condition  than  usual,  which  stirs 
up  the  respiratory  centre  to  increased  activity. 

On  examination,  however,  it  is  found  that  the  blood  leaving  the  left  aide 
of  the  heart  in  such  cases  is  not  less  arterialized,  but,  if  anything,  more 
arterialized  thau  usual.  The  increased  respiratory  movements  induced  by 
the  changed  blood  soon  prove  suflicient,  or  even  more  than  sufficient,  to  give 
the  blood  the  extra  *|uautity  of  oxygen  and  to  remove  the  extra  quantity  of 
carbonic  acid.  Obviously  the  blood  coming  from  the  tetanized  muscles 
affect*  the  respiratory  centre  by  virtue  of  some  quality  which,  nnlike  that 
due  to  the  deficiency  of  oxygen  or  excess  of  carbonic  acid,  is  not  imme- 
diately affected  by  the  passage  through  the  lungs.  Whether  the  quality  in 
quef^tion  be  dependent  on  an  excess  of  sarcolactic  acid,  or  on  some  other 
product  or  pnHiucts  of  muscular  metabolism,  we  do  not  as  yet  know.  But 
the  fact  that  substances  in  the  blood  may  eo  aifect  the  respiratory  centre  ia 
interesting,  since  it  shows  by  how  many  safeguards  the  working  of  the  re- 
spiratory centre  is  carefully  adapted  to  the  needs  of  the  economy. 

Thus  a  change  in  the  circumstances  surrounding  an  animal  body,  or  a 
change  in  the  body  itself,  may  in  one  or  more  of  several  ways,  by  acting  sa 
a  stimulus  to  some  afferent  nerves  and  so  sending  up  afferent  nervous  im- 
pulses to  the  respiratory  centre,  or  by  interfering  witli  the  interchange  of 
gapes  in  the  hings,  or  by  otherwise  altering  the  proportion  of  the  gases  present 
in  the  blood  reaching  the  respiratory  centre,  or  by  generating  or  increoaiDg 
in  that  blood  some  substance  or  fluhstnuces  tending  to  affect  the  nutrition  of 
the  respiratory  centre,  affect  the  working  of  the  all-important  breathing 
mechmiism.  And  the  affection  so  wrought  has  generally  an  adaptative  char- 
acter; it  generally  tends  to  protect  the  organism  against  the  evil  effects  of  the 
change. 

>i  375.  Apiicea.  When  we  attempt  to  hold  our  breath,  we  find  that  we  can 
do  this  for  a  limited  time  on!y  ;  sooner  or  later  a  l>rettth  must  come ;  but,  as 
is  well  known,  the  time  during  which  we  can  remain  without  breathing  may 
on  occasion  be  much  prolmiged,  if  we  first  of  all  take  a  series  of  deep  breaths. 
It  is  probable,  though  perhaps  not  distinctly  proved,  that  when  we  breathe 
voluntarily,  or  when  by  an  act  ^^f  the  will  we  hold  the  respiratory  apparatus 
in  any  one  respiratory  [)haHe,  the  nervous  impulses,  generated  by  the  will, 
do  not  pass  down  by  a  direct  and  independent  course  to  the  respiratory  mus- 
cles, but  that  the  will  makes  use  or  modifies  the  activity  of  the  medullary 
and  spinal  nervous  respiratory  mechaoisrits.  The  breath  sooner  or  later 
inevitably  follows  because  at  last  the  natural  iEnpulsea  proceeding  from  the 
respiratory  centre  become  too  imperious  to  be  any  longer  held  in  check  by 
the  impulses  of  volition  passing  down  to  the  centre  from  the  brain.  The 
fact  that  a  series  of  deep  breaths,  a  thorough  ventilation  of  the  lungs  post- 
pones the  victory  of  the  uncont^cious  centre,  show.^  that  such  a  ventilation  in 
some  way  delays  the  deveUvpment  of  the  natural  respiratory  impulses.  A 
similar  but  still  more  marked  delay  may  oflen  be  seen  iir  an  animal  under 
artiliciul  rtapiratton.  If  in  a  rabbit  artificial  respiration  is  carried  on  very 
vigorously  for  a  while,  and  then  suddenly  stopped,  the  animal  does  not  imme- 
diately begin  to  breathe.  For  a  variable  [)eriod  no  respiratory  movements 
at  all  take  place,  and  breathing  when  it  does  begin  occurs  gently  and  nor- 
mally, only  passing  into  dyspntea  if  the  animal  is  unable  to  breathe  of  it«elf ; 
and  even  then  the  transition  is  quite  gradual.  Evidently  during  this  period 
the  respiratory  centre  is  in  a  state  of  complete  rest,  no  explosions  are  taking 
place,  no  respiratory  impulses  are  being  generated,  and  the  quiet  tranaition 


THE    XKRV0U8    MBOHANISM    OF    RKSPIRATlON. 


491 


&OIU  this  condition  to  that  of  normal  respiration  shown  that  the  subf^equent 
gcaeratiun  t)f  irupulnee  in  attencled  by  no  great  limturbauce.  Not  only  \a  the 
eenire  ai  rest,  hut  it  ia  \en»  irriuihle  than  the  nonnal :  tmpul^a  alon^  the 
vag^us  or  other  nerves  which  otherwise  would  produce  respiratory  explosions 
WLT^  unw  ineffectual.  This  .state  of  ihin^  is  kttowu  0:^  that  of  apiuen,  the 
convene  of  dyspnoea :  and  the  longer  pause  in  breathing  mentioned  al)ore 
as  possible  after  unusual  ventilation  of  the  lungs  may  be  regarded  as  a  brief 

Now  it  seemed  natural  to  stuppose  that  such  a  state  of  rest  of  the  respira- 
tory centre  was  brought  about  by  the  more  than  necessarily  ample  supply  of 
oxrgen  afforded  by  the  previous  increased  inspiratory  movements;  and, 
indeed,  it  was  maintained  t))ut  apncen  was  the  resuJt  of  too  great,  just  as 
dyspooMi  is  the  result  of  too  little  arterializatiou  of  the  blood  rejiching  the 
respiratory  centre.  It  was  argued  that  owing  to  the  increased  vigor  of  the 
artificial  respiratory  movements  the  hflemnj^Iohin  of  the  arterial  blood,  which 
in  normal  breathing  is  not  quite  saturated  with  oxygen,  became  almost  com- 
pletely so,  and  that  at  the  same  time  the*iuantity  of  oxygen  simply  di«Bolve<l 
in  the  blood  became  largely  increased  and  its  tension  largely  augmented. 
But  there  are  reasons  which  render  such  a  view  untenAble.  In  the  first 
place  there  is  no  direct  and  satisfactory  proof  that  in  at :n<ea  the  arterial 
blood  is  overloaded  with  oxygen  as  supposed  ;  indeed,  during  the  course  of 
apDcoa  before  it  has  come  to  an  end  the  bli>od  becomes  distinctly  less  arterial, 
more  venous  than  usual.  In  the  second  place  apnopa  if  not  entirely  impossi- 
ble, is  much  more  difficult  to  bring  about  when  both  vagus  nerves  are  divided^ 
and  if  it  does  occur  after  section  of  the  vagus  nerves  has  not  the  same  char- 
acters as  ordinary  apncea.  Now,  when  nrtificiiil  respinilion  is  being  carried 
on  section  of  the  vagus  nerves  can  have  nt>  effect  on  the  quantity  of  oxygen 
taken  up  by  the  bloi>d  in  the  lungs.  But  the  vagus  nerves  are  the  channel 
of  impulses  affecting  the  respiratory  centre,  and  this  relation  of  the  apnoea 
to  the  vagus  nerves  suggests  another  and  diflerent  interpretation  of  apnma. 
As  we  have  seen,  expansion  of  the  lung  by  acting  in  some  way  or  other  on 
the  pulmonarv  terminations  of  the  vugus  nerve  sends  up  along  that  nerve 
impulses  whicli  inhibit  inspiration.  And  it  is  argued  that  repeated  forcible 
itiflatioDs  of  the  lungs  produce  apuoea  by  generating  potent  inhibitory  iru- 
pabes,  which  by  a  kind  of  summation  of  their  effects  in  the  medulla  stop  for 
a  while  the  generation  of  respiratory  impulses  in  the  respiratory  centre. 
This  concJusion,  moreover,  is  strongly  supported  by  the  fact  that  an  apntjea 
may  be  produced,  so  long  as  the  vagus  nerves  are  intact,  by  forcible  artificial 
respiration  with  hydrogen  in:»tead  of  atmospheric  air;  in  other  words,  the 
inhibitory  impulses  generated  in  the  vagus  nerves  by  the  inflation  are  suffi- 
cient wholly  to  neutralize  the  development  of  respiratory  impulses  which  the 
deficient  arterial ization  of  the  bh>od  would  otherwise  have  produced.  The 
exact  nature  and  development  of  such  a  summation  of  inhibitory  impulses, 
especially  in  the  presence  of  correlative  augmentative  impulses  called  forth 
by  the  corresp^uiding  successive  .collapses  of  the  lungs,  is  too  complex  a 
matter  to  be  dwelt  on  here.  Moreover,  an  apnoea  may  be  produced  though, 
as  we  have  said,  with  difficulty  after  section  of  both  vagus  nerves ;  but  in 
thia  caie  air  and  not  hydrogen  must  be  used  for  inflation,  the  use  of  the 
latter,  in  contrast  to  the  result  when  the  nerves  are  intact,  leading  to  dys- 
pnoea. The  subject  cannot  as  yet  be  considered  as  fully  cleared  up.  That 
apnoea  as  ordinarily  prijduced  is  in  some  way  the  result  of  inhibitory  impulses 
gMerated  by  the  inflations  can  however  hardly  be  doubted. 

J  376.  S^ofiHary  ngpiratorii  rht/thm — Ch^t/ne-Siokeji  reJijii ration.  A  re- 
markable abnormal  rhythm  of  resiiiration,  first  observed  by  Cheyne  but  after- 
ward more  fully  studied  by  Stolces,  and  hence  called  by  their  combined 
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Dames,  occurs  in  certain  pathological  cases.  The  respiratory  inoveiuenU 
gradually  decrease  both  lu  extent  ami  rapidity  until  they  cease  altogether, 
and  a  cotulitioii  of  apnti^a^  lasting  it  may  be  for  several  seconds,  ensuea», 
This  ifl  f^^lInwcd  by  a  feeble  respiration,  succeeded  in  turn  by  a  somewhat 
stronger  one,  and  thus  the  respiration  returns  jc^'fi'^u'illy  t«  the  normal,  or 
may  even  rise  to  hyperpntra  or  slight  dyHpntea,  after  wliich  it  again  declini 
in  a  similar  manner.  A  secondnry  rhythm  of  respiration  u  thus  developed^ 
periods  of  normal  or  slight  dyspnwic  reB|>iration  alternating  by  gradual 
transitions  with  [leriods  of  apncea.  The  cause  of  the  phenomena  is  not  thor- 
oughly understood.  Whether  the  waning  and  waxing  of  the  respiratory 
movements  be  due  to  corresponding  rhythmic  changes  in  the  nutrition  of  the 
respiratory  centre  itself,  or  to  a  rhythmic  increase  and  decrease  of  inhibitory 
impulKes  playing  Ufjon  that  centre  from  other  parti*  of  the  body,  for  iustauoe 
froni  higher  regions  of  brain,  has  not  yet  been  nettled.  It  frequently  appears 
in  connection  with  a  fattv  condition  of  the  heart,  but  has  been  met  with  in 
various  maladies.  (Jlosely  similar  phenomena  have  been  olwcTved  during 
sleep,  under  perfectly  n<»rmal  conditions;  and  this  fact  is  ratfier  in  favor  of 
the  latter  of  the  two  explanations  just  given.  The  phenomena  present  a 
striking  analogy  with  the  "groups"  of  heart-beats  so  frequently  seen  in  the 
frog's  ventricle  placed  under  abnormal  circumstances. 

The  Effects  of  Changes  in  the  Co.mpo6ITION  and  Pressure 
OP  THE  Air  Bkeathed. 


§  377.  The  preceding  sections  have  shown  us  that  the  respiratory  mechan- 
ism is  arranged  to  work  satisfactorily  when  the  lungs  are  adequately  supplied 
with  air  of  the  ordinary  composition  of,  and  at  the  ordinary  pressure  of,  the 
atmosphere.  We  have  further  seen  that  the  mechanism  can  adapt  itself 
within  certain  limits  to  changes  in  tne  composition  and  pressure  of  the  air 
supplied.  We  may  now  consider  briefly  what  takes  place  when  those  limits 
are  i>ver8lep]>ed.  The  most  striking  effects  are  seen,  when,  on  account  of 
occluaion  of  the  trachea,  or  by  breathing  in  a  confined  space,  or  for  other 
reasons,  a  due  supply  of  air  not  being  obtained,  normal  respiration  gives 
place,  through  ao  intermediate  phase  of  dyspnoea,  to  the  condition  known  as 
asphyxia  ;  this,  unless  remedial  measures  be  taken,  rapidly  proves  fatal. 

A^litfjria.  As  soon  as  the  blood  becomes  less  arterial,  more  venous  than 
normal,  the  respiratory  movements  become  deeper  and  at  the  same  time  more 
frequent;  both  the  inspiratory  and  expiratory  phases  are  exaggerated,  the 
supplcmentiiry  muscles  spoken  of,  §  3:i5,  are  brought  into  play,  and  the  rate 
of  the  rhythm  is  hurried.  These  effects,  as  we  have  seen,  are  chiefly  to  be 
ascribed  to  the  deficiency  of  oxygen  in  the  blood. 

Aa  the  blood  continues  to  become  more  and  more  venous  the  respiratory 
movements  continue  to  increase  both  in  force  and  frequency,  a  larger  number 
of  muscles  being  willed  into  action  and  that  to  un  incre^ug  extent.  Very 
Boon,  however,  it  may  be  observed  that  the  expiratory  movements  are  becom- 
ing more  marked  than  the  inspiratory.  Every  muscle  which  can  in  any  way 
assist  in  expiration  is  in  turn  brought  inU)  play ;  and  at  last  almost  all  the  mu9-^ 
cles  of  the  body  are  involved  in  the  struggle.  The  orderly  expiratory  mov 
ments  culminate  in  expiratory  convulsions,  the  order  and  sequence  of  which 
are  obscured  by  their  violence  and  extent.  That  these  convulsions,  through 
which  dyspnoea  merges  into  asphyxia,  are  due  to  a  stimulation  (by  the  venous 
blood)  of  the  medulla  oblongata,  is  proved  by  the  iact  that  they  fail  to  malce 
their  appearance  when  the  spinal  cord  has  been  previously  divided  below  the 
medulla,  though  they  still  occur  after  those  portions  of  the  brain  which  lie 
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»bore  the  medulla  Imve  been  removed.  It  ia  usual  to  s{>eak  of  a  ''convul- 
nve  centre"  in  the  iiiedulla.  the  stiniutation  of  which  gives  rise  to  these 
oonvuUiuDft;  but  if  we  accept  the  exiBtence  of  such  a  centre  we  must  at  the 
flame  time  admit  thai  it  ia  connected  by  the  ch:)9eat  ties  with  the  normal 
expintorr  divi»ion  of  the  respiratory  centre,  since  every  intervening  step 

ir  be  observetl  between  a  simple  Hlighl  expiratory  movement  of  normal 
reipiration  and  the  tn«>f*t  violent  convulsion  of  aspliyxia.  An  additional 
proof  that  the&e  cunvuli«i(}ne  are  cnrricil  ont  hy  the  agency  of  the  medulla  ia 
afforded  by  the  fact  that  convulaioiis  of  a  wholly  similar  character  are  wit- 
aeaped  when  the  aupply  of  blood  to  the  medulla  is  ^^uddenly  cut  off  by  liga- 
turing the  bloodvessels  of  the  hp-ad.  In  ihia  cnsc  the  nervous  centres,  being 
no  lone^r  fumiahed  with  fresh  blo<>«l,  become  rapidly  iisphyxiated  through 
lack  of  oxygen,  and  expiratorv  convntaious  quite  i^imilar  to  thoee  of  ordinary 
asphyxia,  and  preceded  like  tliem  by  a  pasning  pliane  of  dyspnma,  make  their 
appearance.  Similar  "amemic"  convuUious  ure  seen  after  a  HUfldeu  und 
large  loos  of  blood  from  the  body  at  large,  the  uiedulla  being  .similarly  stimu- 
lated by  the  lack  of  arterial  blood,  in  ordinary  fainting,  which  is  ksis  of 
coneciou«DeBS  due  to  an  insufficient  supply  of  blood  tu  the  brain,  the  diminu- 
tioo  of  blood-supply  is  not  great  enough  to  produce  these  convulsion*!. 

Such  violent  eHbrt«  *f»eedily  exhaust  the  nervous  system;  aud  the  convul- 
aion^  at\er  being  niaintaine<l  for  a  brief  period  suddenly  cease  and  are  fol- 
lowed by  a  period  of  calm.  The  calm  irt  one  of  exhaustion  ;  the  pupils, 
dilated  to  the  utmost,  are  unatl'ected  by  light  ;  touching  the  cornea  calls 
forth  no  movement  of  the  eyelids,  and,  indeed,  no  reflex  actions  can  any- 
where be  pro*luced  by  the  stimulation  of  sentient  surfaces.  All  expiratory 
active  movement*  have  ceased  ;  the  mnacle?  of  the  body  are  flaccid  and 
<{uiet:  and  though  from  time  to  time  the  respiratory  centre  gathers  sutficient 
energy  to  develop  respiratory  movements,  theee  resemble  those  of  <piiet 
Dorraal  breathing,  in  being,  as  fur  as  muscular  action?!  are  concerned,  almost 
entirely  inspiratory.  They  occur  at  long  intervals,  like  those  afler  section 
of  the  vagi ;  and  like  them  are  deep  and  slow.  The  exhausted  respiratory 
centre  takes  some  time  to  develop  an  inspiratory  explosion ;  but  the  impulse 
when  it  is  generated  is  proportionately  strong.  It  seems  as  if  the  resistance 
which  had  in  each  caee  to  be  overcome  was  considerable,  and  the  eflort  in 
consequence,  when  successful,  productive  of  a  large  effect. 

Very  soon  these  inspiratory  efforts  become  less  frequent;  their  rhythm 
becomes  irregular;  long  pauses,  each  one  of  which  seems  a  6nal  one.  are 
flucceeded  by  several  somewhat  rapidly  repeated  inspiratiims.  The  pauses 
become  longer,  and  the  inspiratory  movements  shallower.  Each  inspiration 
is  accompaiiied  by  the  contraction  of  accessory  muscles,  es|>ecially  of  the 
&ce.  so  that  each  breath  becomes  more  and  more  u  [)n>l(>nged  gasp.  The 
iospiratory  gasps  spread  into  a  ctmvulsive  stretching  of  Che  whole  body;  and 
with  extended  limDs,  and  a  straightened  trunk,  with  the  head  thmwn  back, 
the  mouth  widely  open,  the  face  drawn,  and  the  nostrils  dilated,  the  last 
breath  is  taken  in. 

Thus  we  are  able  to  distinguish  three  stages  in  the  phenomena  which 
result  from  a  continued  deficiency  of  air:  1.  A  stage  of  dyspncea,  charac- 
terized by  an  increase  of  the  respiratory  movements  both  of  inspiration  and 
expiration.  2.  A  convulsive  stage,  characterizeil  by  the  dominance  of  the 
expiratory  efforts,  and  culminating  in  general  convulsions,  'i.  A  stage  of 
exnaustion,  in  which  lingering  and  long-drawn  inspirations  gradually  die 
out.  When  brought  about  by  sudden  occlusion  of  the  trachea  these  events 
run  through  their  (Hmrse  in  abfmt  four  or  five  minutes  in  the  dog,  and  in 
about  three  or  four  minutes  in  the  rabbit.  The  first  Htagc  passes  gradually 
iDto  the  second,  convulsions  appearing  at  the  end  of  the  firai  minute.     The 
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CransitioD  I'roru  the  set^oud  Htage  to  the  third  la  aomewhat  abrupt,  the  txid- 
VLilsioiis  suddenly  ceasing  early  in  th8  second  tninuie.  The  remaining  time 
in  i>cc^i|jied  iu  the  third  stage. 

The  duriuiou  of  asphyxia  varies  not  only  in  different  animals  hut  in  (he 
same  animal  under  diderent  circumstances.  Newly  born  and  young  animals 
need  much  longer  immersion  in  water  before  death  by  asphyxia  occurs  than 
do  adultii.  Thus  while  in  a  full-grown  dog  reco%*ery  from  drDwnliig  is 
unusual  uiler  one  and  a  half  minuteH,  a  uewboru  puppy  has  been  kuown  to 
bear  an  immersion  of  aa  much  as  fifty  minutta.  The  cause  of  the  difference 
lie*  in  the  fact  that  in  the  quite  young  or  rather  just  born  animal  the  respi- 
ratory chaugeu  of  the  tisHues  are  much  lea^  active.  The^  consume  less 
oxygen,  and  the  general  atore  of  oxygen  in  the  blood  has  a  leea  rapid  demand 
made  u|K)n  it.  The  respiratory  a*!tivity  of  tbe  tissues  may  also  be  lessened 
by  i\  deficiency  iu  the  circulation  ;  hence  bodies  in  a  state  of  syncope  at  the 
time  when  the  deprivation  of  oxygen  begins  can  endure  the  los3  for  a  much 
longer  period  than  can  l)odies  in  which  the  circulation  is  iu  full  ewing. 
There  being  the  same  store  of  oxygen  in  the  blood  Jn  each  cajse,  the  quicker 
circulation  must  of  necessity  bring  about  the  sj>eedier  exhaustion  of  the 
store.  So  also  atiiesthetica  m»y  dirniuish  the  effects  and  delay  the  final 
resultJi;  large  duses  of  anaesthetics  may  j^revent  the  exaggerated  and  con- 
vulsive movements.  In  many  ca^es  of  dntwning,  death  is  hastened  by  the 
entrance  of  water  into  the  lungs. 

By  training,  the  respiratory  centre  may  be  accustomed  to  bear  a  scanty 
supply  of  oxygen  fur  a  much  longer  time  than  usual  before  dyspncea  sets  m» 
as  is  seen  in  the  case  of  divers. 

The  phenomena  of  slow  asphyxia,  where  the  supply  of  air  is  gradually 
diminished,  are  fuudatueulatly  the  same  as  those  resulting  from  a  sudden 
and  total  deprivation,  The  same  stages  are  seen,  but  their  development 
takes  place  mi>re  slowly. 

ii  378.  Deficiency  of  air  results  not  only  in  a  diminution  of  the  oxygen 
but  alsf)  in  an  increase  of  the  cnrbimic  acid  of  the  blood.  We  have  seen, 
h(»wever  (§  373),  that  the  phenomeua  of  asphyxia  are  in  the  main  due  to 
the  former,  and  that  the  accumulation  of  carbonic  acid  in  the  blood  has 
eubaidiary  effects  only. 

If  the  percentage  of  oxygen  in  the  inspired  air  be  increased  instead  of 
diminished,  the  total  pressure  of  the  atmosphere  remaining  the  same,  the 
partial  pressure  of  the  oxygen  alone  being  changed,  no  marked  results 
follow.  We  have  already  seen  (§  35.3)  that  the  percentage  of  oxygen  iu  the 
ordinary  atmosphere  leaves  a  wide  margin  of  safety,  and  that  (§  375)  the 
phenomena  of  apncea  are  in  the  main  at  least  to  be  explained  as  tbe  result 
not  of  an  increase  in  the  oxygen  of  the  blood  but  of  nervous  impulses 
ascending  the  vagus  nerves.  We  have  no  satisfactory  evidence  that,  pro- 
vided the  respiratory  mechanism  is  in  good  working  order,  an  increase  of 
oxygen  in  the  inspired  air  even  to  a  whole  atmosphere  seriously  modifies  the 
respiratory  act;  and  it  may  be  doubted  whether  any  effect  is  produced  even 
when  the  mechanism  is  impaired. 

§  379.  The  composition  of  the  atmosphere,  the  pressure  remaining  the 
same,  may  be  modified  by  the  introduction  of  foreign  gases.  To  some  of 
theee  the  respiratory  mechanism  is  indifferent;  for  instance,  hydrogen  may 
be  substituted  for  nitrogen  without  any  change  in  the  respiration,  provided 
of  course  that  the  oxygen  is  not  diminished.  Other  gases  may  produce 
poisonous  effects,  either  by  interfering  with  some  of  the  respiratory  processes 
or  in  other  ways.  Thus  carbon  njonuxi<le.  by  combining  with  the  hiemo- 
globin  of  the  re<l  corpuscles,  and  so  preventing  the  corpuscles  from  acting 
as  oxygen  carriers,  produces  asphyxia  through  deficiency  of  oxygen.     Sul- 
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phure(t«<l  hydrogen  interferes  with  the  oxygeuation  of  the  bluod  by  acting 
AS  a  reducing  agent.  Some  gases  while  allowing  the  ordinary  reapiratury 
cb»Dge«  of  the  blood  to  go  on  as  usual  produce  toxic  eflecls  by  acting  ud  one 
or  other  of  the  tissues.  Thus,  as  we  have  seen,  an  excess  of  carbonic  acid 
in  liie  blood  seems  to  have  a  special  effect  on  the  central  nervous  system  and 
so  actfl  as  a  narcotic  puison.  The  peculiar  effects  of  nitrous  oxide  (laughing 
gBSt)  are  similarly  due  to  the  direct  action  of  the  gas  in  the  blood  uu  the 
central  nervous  nystem.  Some  gases  are  irrespirable  and  may  interfere  with 
respiration^  even  causing  sutfocation,  on  account  of  their  causing  spnsm  of 
the  glottis,  and  this  id  said  to  be,  to  a  certain  extent,  the  case  with  an  aLinos* 
phere  which  is  wholly  or  largely  composed  of  carbonic  acid. 

5  380.  The  efftcin  of  changes  in  atmospheric  pressitre.  Diminution  of  prea- 
«*re.  The  partial  pressure  of  the  oxygen  in  the  inspired  air  may  be 
cfaanged,  not  only  by  altering  the  coni[)otfition  of  the  air  entering  at  the 
ordinary  atmospheric  pressure,  hut  also  by  altering  the  total  pressure  of  the 
alDio^phere  without  changing  its  coiuposition.  The  results  of  the  latter  are, 
however,  complicated ;  we  have  then  to  deal  not  merely  with  the  eHects  on 
the  interchange  of  gases  in  the  lung:^  but  with  the  etiects  on  the  whole  organ- 
iani.  All  the  complicated  machinery  of  the  body  is  adapted  and  arranged 
Ko  work  under  what  we  niiiy  chII  ordinary  atmospheric  pressure,  that  is  lo 
aay,  within  the  limits  of  7)'d  mm.  mercury  at  the  sea  level  and  about  oOO 
mm.,  corres|M)nding  to  an  altitude  (tf  GOOO  fieet,  this  being  the  range  of  ordi- 
nary human  <iwellings.  Any  great  increase  or  decrea.se  of  pressure  beyond 
these  limits  will  attect  not  only  the  exit  of  carbonic  acid  from  and  the  en- 
trance of  oxygen  into  the  blood,  but,  in  varying  degree,  all  the  physical 
and  chemical  processes  of  the  body.  A  gross  instJince  of  this  is  seen  when 
an  animal  is  suddenly  subjected  to  a  great  dimiuutiou  i>f  pressure,  tis  when 
it  is  placed  in  the  receiver  of  an  air  pump  and  the  receiver  rapidly  ex- 
hausted. The  animal  is  soon  thrown  into  fitUl  cunvulsiotis,  which  are  in 
part,  but  only  in  part,  due  to  the  liberatiofi  of  gas  from  the  b!ood  within 
the  bloodvessels ;  the  gas  so  set  free  mechanically  interferes  with  the  circula- 
tion, aa  by  obstructing  the  play  of  the  cardiac  valves,  or  by  plugging  the 
smaller  bloodvessels,  and  thus  helps  to  bring  the  machine  to  a  standstill. 
The  fne  gas  found  in  the  vessels  upon  examiuatiun  ailer  death  is  said  to  be 
composed  chiefly  of  nitrogen,  the  carbonic  acid  and  the  oxygen,  which  pro- 
bahly  were  also  set  free,  having  been  reabrforbe*!  before  the  examination  was 
made. 

But,  quite  apart  from  gross  etlects  of  this  kind,  it  is  very  obvious  that  the 
urgantsm  niuet  in  many  wavt^  ^uHer  from  a  diminution  of  pressure.  The 
complex  and  delicately  balanced  vascular  system  is  constructed  to  work  at 
the  ordinary  atmospheric  pressure.  The  force  of  the  heart-beat  and  the 
Uwic  contraction  of  the  small  arteries  are.  so  to  speak,  pitched  to  meet  the 
influence  exerted  on  the  outside  of  the  bloodvessels  by  the  ordinary  pressure 
of  the  atmc«phere ;  and  any  great  diminution  of  that  pressure  must  produce 
a  greater  or  less  disarrangement  of  the  vascular  mechanism  until  it  is  coun- 
terbalanced by  some  compensating  changes.  And  a  little  reflection  will 
•apply  many  other  instances. 

We  have  already  called  attention  (§  355)  to  the  fact  that,  the  total  pres- 
sure of  the  atmosphere  remaining  the  same,  the  partial  pressure  (tf  the  oxygen 
in  the  inspired  air  may  be  reduced  as  low  as  about  70  mm.  (10  per  cent.) 
without  derioui^ly  modifying  the  respiration.  In  order  to  attain  this  dimi- 
nution of  the  partial  pressure  of  the  oxygen  without  changing  the  composition 
of  the  atmosphere,  the  total  pressure  of  the  atmosphere  must  l>e  reduced 
to  the  limit  of  3M0  mm.,  corn><ix>nding  to  on  altitude  of  17,00^)  feet.  Now 
it  is  a  matter  of  common  experience  that  in  ascending  a  mountain  "  distress  '* 
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ia  felt  luug  before  ouch  aD  altitude  is  reached.  The  distren  felt  on  such 
occasions  is  probably  due  not  so  much,  if  indeed  at  all  directly,  to  the 
diminution  of  oxygen  as  to  a  general  disarrangement  of  the  organiara  and 
i}«rhapa  more  particularly  of  the  vascular  system.  The  nooe-bleraiog  which 
la  m  frequent  an  oceurrence  under  the  circumMances  ahnwH  that  the  minute 
blo4xlveA«el8  more  directly  exposed  to  the  diniinutiou  of  pressure  are  pnv 
foundly  affecleti  by  it ;  and  what  ia  true  of  them  ia.  pronaWy,  in  vanoua 
ways  and  to  different  degrees  true  of  the  whole  vascular  syMem.  The 
breatbleaanesB  which  is  ho  marked  a  feature  <ui  lhc«e  (rccnsions  seem  doe 
nut  so  much  to  the  fact  that  the  blood  which  rruchee  the  reaniratory 
nervous  centres  ia  deGcteut  in  oxygen,  as  tu  the  fact  that  the  troubled  vaa- 
cular  system  fails  to  deliver  tn  those  centres  their  bUxMl  in  an  adeqaale 
fashion. 

It  is  a  feature  of  the  vascular  system,  and  indeed  of  the  other  mecbtill 
of  the  bmly  in  which  nervous  factors  intervene,  that  they  poaaeas  tht^  power 
of  adapting  themselves  t4i  chnnge<l  conditions;  ami  as  it  is  well  known,  the 
human  organism  somewhat  rapidly  becomes  accustomed  to  the^e  inmlrratl 
altitudes.  Practice  and  custom  have  far  le^  etfect,  though  they  have  some, 
on  the  more  fundamental  processes  depending  on  the  actual  supply  of  ox vgcn ; 
and  it  is  at  the  extreme  altitudefl,  where  in  addition  to  the  otner  trouKles  a 
deticiency  of  oxygen  definitely  makes  itself  Celt,  that  the  body  seems  to  fail 
in  aflapling  itself  u^  the  new  circumstances. 

The  addition  of  these  troubles  not  directly  respiratory  in  nature,  when  tht 


supply  of  oxygen  is  dimtnisheil  by  a  diminution  of  the  total  presaurr.  per'i 

nrcasuro  will  proaudr 
somewhat  different  from  the  oniinary  asphyxia 


hapa  explains  why  though  on  adequate  lowering  of  prcasuro  will  pi 
asphyxia,  that  a>«phyxia  is 

due  to  deprivation  of  air  or  oxygen.  Convulsions  which  are  eaeential  to 
ortlinary  a-iphvxia  are  at  times  wholly  absent ;  the  nervoua  system  under  the 
peculiar  conditions  does  not  resjxjnd  tu  the  stimulus  of  the  tack  of  oxygen  ; 
and  other  nervous  symptoinfl,  such  as  a  rapid  onset  of  feebleno^  amouniing 
almost  to  paralysis,  are  apt  to  make  their  appearance. 

ij  381.  The  ffftvU  of  incrta»e  of  utmoiiphtTie  preatmre.  These  are  in  many 
ways  remarkable.  Up  to  a  pressure  of  several  atmospheres  ot*  air,  the  only 
symptoms  which  present  themselves  are  thttse  somewhat  resembling  narc  '  "* 
poisoning.  The  animal  becomes  sleepy  and  stupid,  the  result  prtibably 
eo  much  of  respiratory  changes,  as  of  the  effects  of  the  increased  proaaii 
on  tha  whole  organism  to  which  we  have  just  alluded.  At  a  fircMiire,  how- 
ever, uf  15  atmospheres  of  air,  or  what  amounts  to  the  same  thing,  of  3 
atmospheres  of  oxygen,  and  upward,  a  very  remarkable  phenomenon  pre- 
sents Itself.  The  animals  die  of  asphyxia  and  convulsions,  exactlv  in  the 
nunc  way  as  when  oxygen  is  deficient.  Corresponding  with  this  it  is  fbaad 
that  the  production  of  carlHmic  acid  \»  diniinishc<l.  That  is  to  say,  wbcB 
the  prfssure  of  the  oxygen  is  increa»e<i  beyond  a  certain  limit,  the  oxidaliou 
uf  the  body  are  diminished,  and  with  a  still  further  increase  of  the  oxygen 
are  arrested  altogether.  The  oxidation  of  phosphorus  is  perhaps  analogous; 
at  a  high  pressure  of  oxygen  phosphorus  will  not  burn.  Not  imlv  anii 
but  plants,  bacteria,  and  organizeil  ferments,  are  similarly  killevi  by  a 
great  prenure  of  oxygen. 

ThK   KELATIOSa   OF  THK   RehPIRATORY   SysTKM  TO  THK  Va«CVLAR   AW 

OrilKi:   8Y3TKM8. 

I  S62.  Many  events  in  the  body  show  the  influence  which  the  resptrmlory 

movements  exert  on  the  circulation.  When  the  brain  of  a  living  mamuMtl 
is  cxpt^^ed  by  the  removal  t»f  ihe  skull,  a  rhythmic  rise  and  fall  of  tKe 
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bral  mass,  a  pulsation  of  the  brain,  quite  diatinct  from  the  movements  caused 
by  the  pulse  in  the  arteries  of  the  brain,  is  observed  ;  nnrl  upon  exuminiition 
it  will  be  found  that  these  movements  are  synchronous  witli  the  respiratory 
movements,  the  brain  rising  up  during  expiration  and  sinkin^^  during  inspira- 
tion. They  disappear  when  the  arteries  jroing  to  the  brain  are  ligatured,  or 
when  the  venous  sinuses  of  the  dura  mater  are  laid  open  so  as  to  admit  of  a 
free  escape  of  the  venous  blood.  They  evidently  arise  from  the  expiratory 
movements  in  some  way  hindering  and  the  inspiratory  moveniouts  assisting 
the  return  of  blood  from  the  bruin.  \Vc  have  already  (§  11(>)  stated  that 
during  inspiration  the  pressure  of  blood  in  the  great  veins  may  become 
negative,  i.  e.,  may  sink  below  the  pressure  of  the  atmosphere ;  and  a  puncture 
of  one  of  these  veins  may  cause  death  by  air  being  actually  drawn  into  the 
vein  and  thus  into  the  heart  during  an  inspiratory  m»n'ement.  When  the 
veins  of  an  animal  are  laid  bare  in  the  neck  and  watched,  the  so-called 
puU\is  vetw»n6  may  bo  observed  in  them,  that  is,  they  swell  up  during  expira- 
tion and  dimint.>:>h  again  during  iuapiratiou.  And  indeed  a  little  consideration 
will  show  that  the  expansion  and  contraction  of  the  chest  must  have  a 
decided  effect  on  the  flow  of  blood  through  the  thoracic  portion  of,  and  thus 
indirectly  on  that  through  the  whole  of,  the  vascular  system. 

Thia  is  well  illustrated    by  the  etfects  of  respiration  on  arterial  blood* 

Creesure.  We  have  seen,  white  treating  of  the  circulation,  that  (he  arterial 
lood  pressure  curves  are  marked  by  undulations,  which,  since  their  rhythm 
is  synchronous  with  that  of  the  respiratory  movements,  are  evidently  in  some 
way  connectetl  with  rcspiratiim.  .Similar  undulations  may  be  observed  in 
the  pulse-tracings  taken  from  man. 
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CoXrARttOIl  OF  BLOOD-PRKSBDBB  CURrs  wrfH  ODBVB  op  iNTEA-THORAar  Pribbvbs.     (Doo.) 

d  U  th«  blood-pressuro  curve  taken  by  means  o(  k.  morcury  nuinomoter ;  it  shows  tbe  rcfpintory 
tizidQl»Un(ui,  the  «lower  beats  on  tbu  dcMont  being  vcrj' marked,  b  I*  the  curvo  of  lntr»-(burmtilc 
pfginre  obtAlned  by  onnnccUng  one  limb  ol  n  muiioiueier  with  ibu  plounil  cavity.  Inspintlon 
fcefflRE  at  C  «;xptmtion  at  c  Wf(h  ihv  beginuiug  uf  liuplmtiou  (i)  the  expuifioo  of  thu  oheit  oaomb 
•  nwrked  fttUof  the  mercury  In  tbe  Intra-thornclc  mNtmmeter  ;  but  the  efTect  toon  tltmlniahos,  ilnc* 
theleMenlnforintm-tbomclc  pn-murcdocs  nut  bear  uu  the  maoomotcr  aloDC,  buton  tbe  lunpalso; 
and  lu  Utc  luiigi  expand  more  owl  more  the  fall  in  the  mercury  becotiieb  less  and  leas  until  toward 
tbe  riifl  of  Injtpiratinn  the  curve  beoomoa  very  nearly  aalr&igbt  line,  (^snveiyely,  the  return  of  tbe 
chat  ai  Lbp  bef  Inning  of  expimtion  («)  produces  at  flnt  a  marked  rUe  of  iho  mcrcary  tn  the 
manomotcr :  but  tbl«  fMjn  t^easen  as  the  air  leaves  the  chest  and  the  luugi  shrink,  whereupon  the 
imfoory  falUalnwty. 

When  these  undolations  of  the  blood-pressure  curve  are  compared  care- 
liilly  with  the  respiratory  movements  or  witli  the  variations  of.iotra-thoracic 
presure.  what  is  most  commonly  observed  is  that  while  the  blood-pressure, 
on  the  whole,  rises  during  inspiration  and  falls  during  expiration,  neither  the 
rise  nor  llie  fall  is  exactly  syncbronnuH  with  either  inspiration  or  expiration. 
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Fig.  147  showH  twD  Iraciiigs  from  a  dog  taken  at  the  sHine  time,  oue,  a,  being 
the  ordinary  blofwi-pressure  curve  from  the  carotid,  and  the  other,  />,  repre- 
senting the  condition  of  the  iutra-thoracic  pressure  ay  uhtained  by  carefully 
bringing  a  manorueter  into  connection  with  the  pleural  cavity.  On  com- 
paring the  two  curves  it  is  evident  that  neither  the  rise  nor  the  fall  of  arterial 
pressure  coincides  exactly  either  with  inspiration  (»r  with  expiration.  At 
the  beginning  of  inspiration  (/)  the  arterinl  pressure  is  seen  to  be  falling;  it 
soon,  however,  begins  to  rise,  but  does  not  reach  the  maximum  until  some 
time  after  expirntimi  (e)  hiw  begun;  ihc  fall  continues  during  the  remainder 
of  expiration,  and  passes  on  into  the  succeeding  inspiration.  This  suggest* 
the  idea  that,  while  inspiration  tends  to  incrwise  and  expiration  to  diminish 
the  blood-pressure,  there  are  causes  at  work  which  in  each  case  delay  the 
effect 

Extended  observations,  however,  show  that  such  a  relation  aa  that  shown 
in  the  figure,  though  frequent,  is  not  constant.  In  fact,  the  effects  of  the 
respiratory  movements  on  blood-prcdaiire  are  found  to  vary  very  widely 
according  aa  the  respiration  is  quick  or  slow,  easy  and  shallow,  or  labored 
and  deep,  and  esjiecially  as  the  air  entera  into  the  chest  readily  or  with  diffi- 
culty. Moreover,  respiratory  undulations  of  blood-prejwure  are  seen  not  only 
with  natural  but  also  with  artificial  respiration  ;  in  the  latter  the  mechanical 
conditions  are  to  a  large  extent  the  reverse  (d*  those  of  the  fitrmer.  and  might 
fairly  be  exjiected  to  affect  the  circulation  in  a  different  way.  The  causation 
of  these  respiratory  undulations  is,  iti  fact,  complex.  The  respiratory  act 
affects  the  vasculnr  system  in  several  differont  wavs,  and  the  general  effect 
varies  according  as  one  or  other  influence  is  pre<iomiuant.  These  several 
actions  are  sufficiently  interesting  and  iniportnnt  to  deserve  discussion. 

§  383.  The  heart  and  great  bloodvessels  are,  like  the  lungs,  placed  in  the 
air-tight  thoracic  cavity,  and  are  subject  like  the  lungs  to  the  pumping  action 
of  the  respiratory  movements.  Were  there  no  lungs  present  in  the  cheat, 
the  whole  force  of  the  expansion  of  the  thorax  in  ias|)iration  would  be 
directed  to  drawing  bl(H)d  from  the  extra-thoracic  vessels  toward  the  heart, 
and  conversely  in  expiration  the  effect  of  the  return  of  the  thorax  to  its 
previous  dimensions  would  be  to  drive  the  blood  thus  drawn  in  back  again 
from  the  heart  toward  the  extra-thoracic  vessels.  And,  even  in  the  presence 
of  the  lungs,  some  of  this  effect  is  still  felt.  The  main  pjurpose  and  the  main 
result  of  the  expansion  of  the  chest  in  inspiration  is,  of  course,  to  draw  air 
into  the  lungs;  by  that  expansion  the  air  in  the  pulmonary  alve».di  is  rarefied 
and  brought  to  a  lower  pressure  than  that  of  the  atnuephere  outside  the 
chest;  and  the  difibi*ence  of  pressure  thus  set  up  leads  to  an  inrush  hf 
inspired  air  until  an  e<[uilibriuiii  of  pressure  is  established  between  the  air 
in  the  lungs  and  that  outside  the  chest.  Reforet  however,  the  inspired  air 
can  fill  a  pulmonary  alveolus  the  elastic  walls  of  the  alveolus  have  to  be  dis- 
tended, and  that  distention  is  effected  by  racajia  of  the  pressure  which  causes 
the  inspired  air  to  enter.  Part  of  the  atmos]>heric  pressure,  in  fact,  which 
causes  the  entrance  of  the  air  into  the  lung  is  spent  in  overcoming  the  elas- 
ticity of  the  pulmonary  passages  and  cells.  8o  that  while  by  the  inrn.sh  of 
inspired  air  the  difference  of  pressure  between  the  air  inside  the  pulmonary 
alveoli  and  that  outside  the  cheat,  brought  about  by  the  thoracic  expansion, 
is  completely  neutralized,  the  difference  between  the  pressure  to  which  the 
parts  lying  within  the  thorax,  but  outside  the  lungs,  are  exposed  and  that 
outside  the  chest  is  not  9o  completely  neutralized.  The  pressure  on  these 
parts  always  falls  short  of  the  pressure  of  the  atmosphere  hy  the  amount  of 
pressure  necessary  to  eounterhnluTice  the  elasticity  of  the  pulmonary  passages 
and  alveoli.  Consequently,  auy  structure  lying  within  the  thorax,  but  out- 
side the  lungSf  is  never,  even  at  the  couclusiuu  (»f  au  inspiration,  when  the 
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lungs  are  tilled  with  air,  subject  to  a  pressure  as  great  as  that  of  the  iitinoH- 
pbere.  And,  since  the  fraction  of  the  atmospheric  pressure  which  is  thus 
spent  in  diatending  the  lungs  increases  &»  the  lunes  become  more  and  more 
strttched,  it  follows  that  the  fuller  the  inspiration  the  greater  is  the  ditlerence 
between  the  pressuro  on  structures  wiihiii  the  thorax,  hut  outside  the  lungs, 
and  the  ordinary  pressure  of  the  atn^wphere.  Now,  we  have  seen  that  the 
praaure  Decesaary  to  counterbalance  the  elasticity  of  the  iung»,  when  they 
are  completely  at  rest  (in  the  pause  between  expiration  and  inspiration),  is 
in  man  about  5  to  7  mm.  of  mercury,  and  that  when  the  lungs  are  fully  dis- 
tended. AS  at  the  end  of  a  forcible  inspiration,  the  pressure  rises  to  as  much 
M  30  mm.  of  mercury.  Hence,  at  the  height  of  a  forcible  inspiration  the 
presBure  exerted  on  the  heart  and  great  vessels  within  the  thorax  is  30  ram. 
Jeea  than  the  ordinary  atmospheric  pressure  of  760  mra.»  and  even  when  the 
clwBl  i»  completely  at  rest,  at  the  end  of  au  expinition,  the  pressure  on  the 
iMMt  and  ffreat  vessels  is  slightly  (  by  about  o  mm.  of  mercury)  below  that  of 
the  atmoephere.  We  may  add  that  any  obstacle  to  the  free  ingress  of  the 
iBipired  air.  any  difficulty  in  the  full  expuui^ion  of  the  pulmonary  alveoli,  of 
ooitrse  increases  the  negative  pressure  to  which  the  thoracic  structures  out- 
mdt  the  lungs  are  subjected  by  the  expansion  of  the  chedt.  Hence,  when 
ihe  trachea  is  closed  a  very  large  part  of  the  thoracic  expansion  is  directed 
to  increasing  the  negative  pressure  around  the  heart  and  great  bloodvessels. 

During  an  inspirntion,  then,  the  pressure  around  the  heart  and  great  blood- 
veMela  becomes  con^sidernbly  lesa  than  that  of  the  atmosphere  on  the  vessels 
outside  the  thorax.  During  expiration  this  pressure  returns  toward  that  of 
the  atmosphere,  hut  in  ordinary  breathing  never  quite  reaches  it  It  is  only 
In  forcible  expiration  that  the  pressure  on  the  thoracic  vascular  organs 
reaches  or  exceeds  that  of  the  atnuephere.  Hut  if  during  inspiration  the 
pCWMire  bearing  on  the  right  auricle  and  the  vena^  cavae  become  lese  than 
the  prenure  which  in  Ixwring  nu  the  Jugular,  subclavian,  and  other  veins 
OOUide  the  thorax,  this  must  result  in  an  increased  flow  from  the  tatter  into 
tbe  former.  Hence,  during  each  inspiration  a  larger  quantity  of  blooii  enters 
the  right  side  of  the  heart.  This  probably  lends  to  a  stronger  stroke  of  the 
heart,  and  at  all  eventa  causes  a  larger  quantity  to  be  ejected  by  the  right 
veotricle;  this  csuoee  a  larger  quantity  to  escape  from  the  let)  ventricle,  and 
tfatu  more  blood  is  thrown  into  the  aorta,  and  the  arterial  pressure  propor- 
tionately increase<l.  During  expiration  the  converse  takes  place.  The 
urcMure  on  the  intra-thoraeic  bloodvessels  returns  to  the  normal,  the  flow  of 
blood  fn>m  the  veins  outride  the  thorax  into  the  ven%  cavse  and  right  auricle 
ii  DO  lunger  aesisted,  and  in  conse(|uence  less  bltKHl  passes  through  the  heart 
into  the  aorta,  and  arterial  pressure  falls  again.  During  forces]  expiration 
the  intra-thoracic  pressure  may  be  so  great  as  to  aflord  a  distinct  obstacle  to 
the  flow  from  the  veins  into  the  heart. 

The  etfect  of  the  respiratory  movements  on  the  arteries  Is  naturally  differ- 
•nl  from  that  on  the  veins.  During  inspiration  the  diminution  of  preaure 
in  the  thorax  around  the  aortic  arch  tends  to  expand  the  aortic  arch  and 
thus  Ut  check  the  onward  flow  of  bhHxi  and  to  diminish  the  pressure  of  blood 
within  the  aorta.  During  expiration  the  increase  nf  pressure  outside  the 
aortic  arch  of  course  tends  to  increase  also  the  blood-pressure  within  the 
aorta,  acting  in  fact  just  in  the  same  way  as  if  the  coats  of  the  aorta  them- 
nlw  contracted.  Thus,  as  far  as  arterial  blood-pressure  is  concerned,  the 
aflDcis  of  the  respiratory  movements  on  the  great  veins  and  great  arteries 
respectively  are  antagonistic  to  each  other;  the  efletrt  on  the  veins  l)eing  to 
increase  arterial  pressure  during  inspiration  and  to  diminish  it  during  expira- 
tion, while  the  effect  on  the  arteries  is  to  diminish  arterial  pressure  during 
inspiration  and  Uy  increase  it  during  expiration.     But  we  should  naturally 
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expect  the  etlect  on  the  thin-walled  veins  to  be  greater  than  that  on  the 
Bloui,  thick-walled  arteries,  30  much  so  that  the  direct  effect  ou  the  arteries 
may  be  ue;ilecteft.  That  is  to  say,  we  ahoiild  expect  the  blood-preasare  to 
rise  during  inspiration  and  to  fall  during  expiration.  Thi^.ati  we  have  seen, 
is  frequcmly  the  case,  and^  indeed,  when  the  breathing  is  deep  and  labored, 
and  especially  during  violent  and  sudden  respiratory  niovemenu,  the  influ- 
ence in  this  direction  on  the  blood-pressure  curve  of  the  pumping  action  of 
the  chest  is  unmistakable. 

In  alteuipling,  however,  to  estimate  the  effect  of  the  respiratory  luovemente 
on  blood-preasiire  we  must  bear  in  mind  what  is  taking  place  in  the  abdomen. 
In  inspiration  the  descent  of  the  diaphragm  compresae^j  the  abdominal  viscera, 
and  so,  while  ut  the  ver>'  first  it  drives  a  quantity  of  blood  onward  along  the 
inferior  vena  cava,  subsequently  hinders  the  upward  liow  from  the  abdomen 
and  lower  limbs ;  at  the  same  time,  by  compressing  the  abdominal  aorta, 
it  tends  to  raise  the  pressure  in  the  thoracic  aorta  fmd  its  branches,  while 
lowering  that  of  the  abdominal  aorta  and  its  branches.  The  eflect  of  easy 
expiration  would  be  the  converse  of  this;  but  in  forced  expiration  the 
pressure  of  the  contracting  abdominal  muscles  wuiild,  as  in  inspiration, 
first  lend  to  drive  the  blood  onward  along  the  veua  cava,  but  subsequently 
to  hinder  the  tlow  both  along  the  vena  t^va  and  the  aorta.  The  cflect  of  the 
abdominal  movements  therefore  is  mixed  and  variable,  and  their  influence 
on  the  bloud-presBure  m  the  femoni!  artery  must  be  different  from  that  on 
the  radial  unery  or  other  branch  of  the  thoracic  aorta.  It  is  difficult  to 
predict  what  in  all  cases  the  effect  would  be;  and  the  matter  cannot  be  set- 
tled by  elimintUing  the  raovements  of  the  diaphragm  through  section  of  the 
phrenic  nerves,  since  in  such  a  case  the  whole  working  of  the  respiratory 
pump  is  materiaHy  aftected. 

§  384.  In  addition  to  the  influence  thus  exerted  by  the  thoracic  movements 
on  the  great  veins  leading  to  and  the  great  arteries  leading  from  the  heart, 
we  have  to  consider  the  behavi(»r  of  the  pulmonary  vessels  themselves  under 
the  varying  thoracic  pressure.  These,  like  the  venae  cavfe  and  aorta,  tend 
to  expand  under  the  influence  of  the  inspiratory  expausiou  of  the  chest,  and 
thus  to  become  fuller  of  blood,  very  much  as  they  would  if  the  whole  lung 
were  placed  under  a  large  cupping-glass.  The  first  effect  of  this  increased 
filling  of  the  pulmonary  vessels  would  be  to  retain  for  a  while  a  certain 
quantity  i*f  bloofl  in  the  lungs  and  thus  to  lessen  the  amount  falling  into  the 
left  auricle.  But  this  would  be  temporary  only,  and  the  widening  of  the 
pulmonary  vessels  would  speedily  produce  an  exactly  contrary  effect,  namely, 
an  increased  flow  through  the  lungs  due  to  the  diittinished  resistance  offered 
by  the  widened  passages.  Ouiveraely,  the  first  effect  of  expiration  would  be 
an  increased  flow  into  the  left  auricle  due  to  the  additional  quantity  of  blood 
driven  onward  by  the  partial  collapse  of  the  pulmonary  vessels,  followed  by 
a  more  significant  diminished  flow  caused  by  the  greater  resistance  now 
offered  by  the  narrower  vascular  channels.  Thus  the  effect  of  inspiration  in 
this  way  would  be  first  to  diminish  the  flow  into  the  left  auricle  and  so  into 
the  left  ventricle,  but  afterward,  for  the  rest  of  the  inspiration  until  the 
beginning  of  expiration,  to  increase  the  flow  into  the  ventricle;  while  con- 
versely the  effect  of  expiration  would  be  first,  for  a  brief  |>eriod.  to  increase 
and  aiterwanl,  during  the  reat  of  the  movement,  to  diminish  the  flow  of  blood 
into  the  lefl  ventricle.  Further,  while  this  may  he  considered  as  the  effect 
on  the  pulmonary  vessels,  large  and  small  taken  altogether,  the  influence 
both  of  the  thoracic  negative  pressure  during  inspiration,  and  the  return  in 
a  positive  direction  during  expiration,  will  bear  more  on  the  thin-walled 
pulmonary  veins  than  on  the  stouter  pulmonary  artery;  that  is  to  say,  as 
inspiration  becomes  established,  there  will  be  a  diminution  of  pressure  in  tbe. 
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pulmoDury  veins  greater  than  that  in  the  pulmonary  artery,  and  this  will  be 

au  adtiitiooal  iuHuence  favoring   the  flow  into  the  left  ventricle;    during 

expiration  a  similar  diflerence  of  effect  will  be  felt  in  the  contrary  direction. 

During  the  incrpase  of  flow  into  the  ventricle  the  quantity  of  blood  ejected 

at  each  stroke  will  increase,  and  each  stroke  will  OJ  lfi2)  He  increased  in  vigor, 

in  coiuequence  of  which  the  arterial   pressure  will  rise.     Converseh',  during 

^the  decrease  of  flow  into  the  ventricle  the  arteriHl  pressure  will  fall.     Hence 

the  eeneral  effect  of  the  movements  of  the  chest  on  the  pulmonary  vessels 

will  be  durincj  the  beginning  of  inspiration  to  continue  thf^  lr)wering  of  arterial 

prenure.  which  was  taking  place  during  expiration  but  subsequently  to  raise 

^Q  Arterial  pressure;  and  conversely  at  the  beginning  of  expiration  (o  continue 

t^be  rise  of  arterial  pressure  which  was  taking  plafc  during  inspiration  but  sub- 

ileqoently  to  lower  arterial  pressure.     In  ordinary  breathing,  as  we  have  seen, 

f^hal  may  be  considered  as  the  normal  rclationsof  blood-pressure  to  the  respira- 

lorr  njovements  are  precisely  of  this  kind, 

S  385.  E^tfects  of  the  respiratory  movements,  however,  are  seen  not  only  in 
^natural  but  also  in  artificial  respiration.  When,  for  instance,  in  an  animal 
under  urari,  artificial  is  substituted  for  natural  respiration,  undulations  of 
the  blood-pressure  curve,  synchronous  with  the  respiratory  movements,  are 
■till  observed  (Fig.  H8],  though  generally  less  in  extent  than  tho^e  seen 
under  natural  conditions. 

Now  in  artiflcial  respiration,  the  mechanical  conditions  under  which  the 
thoracic  viscera  are  placed  a.-*  regards  pressure  are  the  exact  opposite  of  those 
existing  during  natural  respiration,  for  when  air  is  blown  into  the  trachea  to 
distend  the  lungs,  the  pressure  within  the  chest  is  increased  instead  of 
diminished.  Under  tht^se  circumstances,  ap[)]yiug  the  considerations  laid 
down  in  the  prece<ling  paragraph  with  regard  to  natural  respiration,  we 
ibould  expect  to  Hnd  that  white  the  first  effect  of  an  artificial  inspiration 
would  be  to  drive  an  additional  quantity  of  hlooil  out  of  the  lungs  into  the 
left  veutricle,  and  thus  to  raise  arterinl  pressure,  this  would  be  in  turn  fol- 
2owe<l  by  a  fall  of  arterial  pressure  due  to  the  increased  resistance  offered 
both  to  the  passage  of  blooa  through  the  lungs  and  to  the  entrance  of  blo^xl 
through  the  venic  cavse  into  the  right  auricle.  Conversely,  the  effect  of  the 
fucceeding  expiration  would  be  an  initial  continuance  of  the  fall  of  arterial 
jprenure  succeeded  by  a  rise.  In  other  words,  we  should  expect  to  find  in 
'artificial  respiration  effects  exactly  the  reverse  of  those  which  we  find  in 
normal  respiration ;  and  indeed  in  many  curves  of  blood-preesure  taken 
during  artiticial  respiration  this  is  the  case. 

{kith  in  natural  and  in  artificial  respiration,  however,  the  features  of  the 
bluod-presBure  curve  vary  according  as  the  breathing  is  hurried  or  slow, 
shallow  or  deep,  and  according  to  the  facility  with  which  air  enters  the 
chest,  so  much  so  that  at  times  the  blootl-pressure  curves  of  natural  and 
artificial  respiration  may  cloi^ely  resemble  each  other.  And  a  little  ctm- 
sideration  would  lead  us  to  expect  this. 

We  have  seen  that  the  rise  in  arterial  pressure  which  marks  the  respiratory 
ondulntion  is  in  the  main  due  to  a  temporary  greater  amount  of  blood  thrown 
into  the  aorta  by  the  left  ventricle,  and  that  correspondingly  the  fall  of  pres- 
sure completing  the  undulation  is  in  the  main  due  to  a  temporary  lessening 
of  the  amount  so  thrown.  Though  the  causes  discussed  in  ii  383  undoubtedly 
make  themselves  prominent  in  labored  and  violent  respiratory  movements, 
we  may  conclude  that  in  ordinary  respiration,  both  natural  and  artificial,  the 
main  events  producing  the  respiratory  undulations  are  those  discussed  in 
§  3H4.  We  may  restate  the  conclusions  of  that  dii^cussion  by  saying  that  the 
irenpiratory  movements  affi^ot  the  amount  of  flow  of  bl(M>d  into  the  left  ven- 
tricle, and  so  the  discharge  of  blood  from  the  left  ventricle  into  the  aorta,  ii 
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two  main  ways.  In  the  firet  place,  through  the  widening  or  narrowiug  of  the 
pulraoimry  vefsels  they  alter  the  capacity  of  the  vessels  to  liold  blood  for  the 
time  being.  In  the  second  place,  in  conseiiuence  of  the  difference  of  resial- 
&nce,  occasioned  by  the  widening  or  narrowing,  they  alter  the  rate  of  flow 
through  the  pulniooary  vessels.  The  first  factor  is  a  brief  and  passing  one; 
the  extra  room  due  to  widening  is  soon  tilled  up,  the  iiarrowe<l  vesyels  soon 
discharge  the  quantity  which  they  can  no  longor  hold.  But  the  second 
factor  is  a  more  lasting  one;  so  long  a«  in  the  respiratory  movement 
the  vessels  remain  widened  or  narrowed  so  long  is  the  rate  of  flow 
increased  or  diminished.  These  two  factors  prcKJuce  opposite  eflects,  and 
hence  the  total  result  of  any  Particular  kind  of  respiration  will  depend  un 
their  relative  prominence.  With  <tvnckly  repeated  respiratory  movements 
the  first  factor  comes  to  the  front;  when  the  respiratory  movementi*  are 
more  slowly  re[>eated  and  more  slowly  carried  out  the  second  factor  is  the 
more  potent.  Hence  it  comes  about  that  in  quickly  re]>eated  artificial  respi- 
tion  where  the  firnt  fiictor  is  prudomiuuut,  aud  the  prominent  eJfect  of  cjich 
inflation  is  to  diminish  the  capacity  of,  aud  so  to  empty  the  pulmonary  ve^ 
aels  auil  to  increase  the  flow  into  the  ventricle  whereby  the  pressure  rises  iu 
inflation,  that  is  in  inspirfltion,  the  blood-pi-esaure  curve  stimulates  that  of 
a  slowly  repeated  natural  re*!piration,  where  the  pressure  also  rises  in  inspira- 
ration.  but  where,  the  second  factor  heing  prednniinaiit,  the  rise  of  pressure 
brought  about  by  each  inspiration  is  due  mainly  to  the  more  rapid  flow 
through  the  widened  pulmonary  veasel^.  And  other  illustrations  ut  a  like 
kind  could  be  given. 

§  386.  Besides  the  meelmnica]  effects  of  the  respiratory  movements  the 
vascular  system  ia  intluenccd  by  respiration  through  the  changes  iu  the  gaaee 
of  the  blood. 

Changes  in  the  blood  may  affect  on  the  one  hand  the  vasomotor  system 
aud  on  the  other  hand  the  heart.  They  may  further  affect  the  heart  either 
directly  by  acting  on  the  cardiac  tissuea  or  indirectly  by  means  of  the 
inhibitory  and  augmentnr  cardiac  nerves.  They  may  also  i>robably  affect 
the  peripheral  vessels,  not  only  through  vasomotor  nerves  but  by  acting 
directly  on  the  walls  of  the  smaller  vessels.  We  have  indications  of  un 
action  of  respiration  on  the  cardio-inhibitory  system,  even  in  normal  quiet 
respiration.  One  striking  feature  of  the  respiratory  undulation  in  the  blood- 
pressure  curve  of  the  dog'  is  the  fact  that  the  pulse-rate  is  quickened  during 
the  rise  of  the  undulation  and  becomes  slower  during  the  fall ;  see  Fig.  147. 
A  similar  influence  may  be  seen  in  piiUe-traeings  taken  from  man.  The 
quickeuing  of  the  beat  might  be  considered  as  itself  partly  accounting  for 
the  rise  of  [irej«ure,  or  on  the  other  hand  it  might  l>e  urged  that  the  increased 
flow  of  blood  which  causes  the  rise  of  pressure,  at  the  same  lime  leads  to  the 
quickening  of  the  beat,  were  it  not  for  one  fact,  viz.,  that  the  difference  is  at 
once  done  away  with,  without  any  other  essential  change  in  the  undulations. 
by  section  of  both  vagus  nerves.  Evidently  the  slower  pulse  during  the  fall 
is  caused  by  a  coincident  stiniiilatjon  of  the  cardio-inhibitury  centre  in  the 
medulla  oblongata,  the  quicker  pulse  during  the  rise  being  due  to  the  fact 
that,  during  that  interval,  the  centre  is  comparatively  at  rest.  We  have 
here  indications  that,  while  the  respiratory  centre  in  the  medulla  oblongata 
is  at  work,  sending  out  rhythmic  impulses  of  inspiration  and  expiration,  the 
neighboring  cardio-inhibitory  centre  is,  as  it  were  by  sympathy,  thrown  into 
an  activity  of  such  a  kind  that  its  influence  over  the  heart  waxes  with  each 
expiration  aud  wanes  with  each  inspiration.  We  cannot  as  yet  explain 
exactly  the  manner  in  which  the  activity  of  the  one  centre  influenoes  that  uf 


1  Iti  Che  mbbit,  the  rcsplmtorr  undnladons.  thong'h  well  marked,  pre#«nt  ■  rcry  snutl  differ* 
ence  r>rpulH>rate  In  the  liao  and  fall. 
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the  other:  it  may  ht' that  during  the  expiratory  pha-se  the  blood  reaching 
the  niednlhi  is  not  quite  so  well  arterialized,  especially  a«  far  as  the  escape  of 
carbonic  acid  is  concerned,  as  during  the  inapirntory  phase,  and  that  the 
curdio-lnhihitury  centre  ia  sutficicutly  sensitive  to  appreciate  the  slight  dirter- 
ence :  hut  of  tULs  we  cannot  be  sure. 

it  387.  When  through  interference  with  the  pulmonary  interchnnge  the 
bloo*l  iwnt  out  from  the  left  ventricle  becomes  and  contiiuies  to  l>e  less 
talized  thau  usual,  the  efiects  on  both  the  heart  and  the  voaomotor 
becfirae  conspicuous.  The  rhythm  of  the  heart-beats  is  most  distinctly 
owed.  This,  under  (irdinary  circumstanceit  when  the  vagus  nerves  are 
intact,  is  pr<»bably  in  part  the  result  of  vagus  inhibition,  the  vonnua  blood, 
M  suggested  above,  stimulating  the  cardio-inhibitory  centre  in  the  me^hilla. 
Hut  the  slowing  is  not  wholly  caused  in  ihis  way,  for  it  t.«  still  conspicuous  in 
%D  animal  placed  under  urari  and  with  both  vagus  nerves  divided.  Compare 
curves  8  and  4  with  1  and  2  in  Fig.  148.  How  ihia  slowing  is  brouglit  about 
li  not  very  clear.  When  venous  bluod  is  sent  through  an  excised  heart,  the 
beat  is,  it  is  true,  slowed,  but  tt  is  also  and  still  nifire  conspicuously  weakened, 
liow  when  the  bI<MMl  becomes  too  venouH,  as  is  shown  in  Fig.  148,  even  aJler 
the  action  of  the  vagus  nerves  has  been  eliminated  by  section  and  also  by 
rari.  the  slowing  is  out  of  proportion  to  t!ie  weakening,  sine*,  as  we  shall 
nlly  see,  the  blood-pressure  rises;  am]  though  that  rise  is  chiefly  due  to 
otor  oonatriction,  still  it  could  not  take  place  if  the  cardiac  stroke  were 
nntablr  weakened.  It  may  he  that  the  venous  blood  stimulates  the 
cardiac  augmentor  mechanism  iu  such  a  way  as  to  bring  al>r>ut  an  augmeuta- 
lion  of  the  cardiac  stroke  rather  thau  a  quickening  of  the  rhythm  ;  but  this 
baa  not  been  detiniteiy  prove<].  In  any  caj^e  a  slow  beat,  with  such  a  main- 
teiuuice  of  the  strength  of  the  cardiac  strokes  as  permits  the  contitiunnce  for 
•ome  CA^nsiderahle  titne  4)f  a  high  blood-pressure,  is  met  when  the  nrterializa- 
tion  of  the  blood  is  interfered  with.  S<x)ner  or  later,  however,  the  deficiency 
of  oxygen  iu  the  bI<M>d  diminishes  the  store  of  explosive  compounile  in  the 
cardiac  muscular  substance,  the  beat'^  lessen  in  force,  often  showing  a  tem- 
porary increase  in  frequency,  and  soon  become  irregular. 

^  388.  The  effects  of  deficient  arterial ization  on  the  vasomotor  system  are 
well  shown  when  in  an  animal  placed  un<ier  a  moderate  dose  of  urari  so  as 
to  eliminate  the  a^mplicatious  due  to  contractions  of  the  skeletal  muscles, 
ith  Ixtth  vagi  divide<l  so  as  to  insure  the  elimination  of  inhibitory  impulses 
J^BD  the  medulla,  artificial  respiration  is  suspended.  Soon  niter  the  respira- 
tion is  stopped,  A  very  large  hut  steady  rise  of  pressure  is  observed.  See  Fig. 
14?*.  The  rii#e  so  witnessed  is  very  similar  to  that  brought  about  by  power- 
ftillv  stimulating  a  number  of  vaso-conslrictor  nerves ;  and  there  can  be  no 
doobt  that  it  is  due  to  the  venous  blood  stimulating  the  vasomotor  centre  in 
ibe  medulla,  and  thus  causing  constriction  of  the  small  arteries  of  the  body, 
pecially  those  of  the  splanchnic  area,  since,  as  we  shall  see,  in  speaking  of 
«ikin.  a  too  venous  blood  leads  to  a  widening  of  the  cutaneous  arteries. 
e  say  "stimulating  the  medullary  vasomotor  centre,*'  because  though  we 
admit  that,  since  a  rise  of  pressure  follows  upon  dyspnwa  when  the 
al  cord  has  been  previously  divided  below  the  medulla,  the  venous  blood 
'  stimulate  other  vasomotor  centres  in  the  .spinal  cord  and  possibly  even 
met  directly  on  local  peripheral  mechanisms,  yet  the  fact  that  the  rise  of 
pceanure  is  much  less  under  these  circumstances  shows  that  the  medullary 
venire  plays  the  chief  part.  As  we  have  just  said,  the  effect  of  this  vaso- 
;«onatriction  in  raising  the  pressure,  if  not  assisted  by  an  increase,  at  all 
Wreots,  is  not  neutralized  by  an  adequate  decrease  of  the  cardiac  stroke. 
~~  the  cessation  of  the  artificial  respiration,  the  respiratory  undulations  of 
ceaae  also,  so  that  the  blood-pressure  curve  rise^  at  first  steadily  in 
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alinoBt  a  straight  line  broken  only  by  the  heartbeats ;  yet  after  a  while  nevr' 
undulations,  the  8<»-called  Tniube  or  Trauhe-llering  eurvea,  make  their  ap- 
pearance (Fig.  147,  2,  3),  very  similar  to  the  previous  ones,  except  that  their 
curves  are  larger  and  of  a  more  sweeping  character.  These  new  undulations, 
since  they  ap]>eur  In  the  absence  of  all  tluu*acic  or  pulmonary  movements, 
passive  or  active,  and  are  witnessed  even  when  both  vagi  are  cut,  must  be  of 
vasomotorial  origin ;  the  rhythmic  ri&e  must  be  due  to  a  rhythmic  con- 
striction of  the  small  arteries,  and  this  probably  is  caused  by  a  rhythmic 
discharge  from  vasomotor  centres,  and  especially  from  the  medullary  vaso- 
motor centre.  The  undulations  are  maintained  as  long  as  llie  blood-pressure 
continues  to  rise.  With  the  increasing  venosity  of  the  bl^jod,  bowever,*both 
the  vasomotor  centres  and  the  heart  become  enfeebled;  the  undulations  dis- 
appear, and  the  bhtod-pressure  rapidly  sinks. 
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Bu>oi>raxsEiURE  Curved  dvrpio  a.  SirsrsKvios*  op  Brkatuing.    (TRArBB-HEiiiNo  Cuhtbi.) 

Tbe  ciu*ve«,  1,  3,  3,  4,  Ti.  arc  portioni  selected  from  one  long  tx>nt]nuous  tracing  forming  the  record 
ofaproloDged  obaerriLltoD,  so  that  the  several  cunrei  represent  aucceaslTesUicesol  tbe  Muneexperi- 
menl.  Each  curTe  U  placed  In  Its  pn)|>er  po«lt[un  relntlve  to  the  tuve  line,  which,  to  saTC  space,  U 
omitted  :  and  It  Is  obvious  thnt,  starting  froru  the  ntago  represented  by  1,  the  blood-preiKnre  rises  in 
fftages  2. 3,  and  4.  but  blls  again  In  stage  &.  Curvo  1  ts  taken  ftom  a  period  wbon  artificial  raaplimtlan 
was  being  kept  up,  and  the  unduIallonH  visible  an;  ibti*®  tbca  naturo  of  which  hare  been  dlsouoMd ; 
the  TOgtu  netTM  having  t>een  cut  the  pntmUons  on  the  ascent  and  descent  of  the  undnlatlons  do 
notdlSbr.  Wben  the  arllticlal  respiration  was  !msi«iided  these  unUulatfons  dlaappeared,  and  the 
Uood-prewure  ruse  steadily  while  the  lieart-Umtii  betaiine  slower.  3ouu.  as  shown  in  curve  2.  new 
undalatJons  appeared.  A  Utile  laler  the  hlrMKl-prewtiru  wh»  hUII  rising,  the  heart-bents  still  slower, 
bnt  the  iindvilatlons  bUH  more  obvious  (curve  3).  Still  later  [curve  4)  the  preasuro  was  stUl  higher, 
bat  the  heart-beats  were  quicker  and  tbe  undulations  HAtter.  The  praMUre  then  began  to  fkll  rapid Ijr 
(eurre  6),  and  contlnaed  to  tall  anti  I  same  time  later  aitifldal  respltatlon  was  resumed. 

We  may  here  incidentally  remark  that  the  occurrence  of  long,  alow  undu- 
lations is  not  dependent  on  the  cessation  of  tbe  respiratory  movenienta,  and 
on  an  abnormally  venous  condition  <»f  the  hlnod.  They  are  sometime* 
(Fig.  149)  seen  in  an  animal  whose  breathing  is  (airly  normal.  We  need 
uot  discuss  tbcm  any  further  now,  and  have  introduced  them  chiefly  to 
illustrate  the  fact  that  the  vasomotor  nervous  system  is  apt  to  fall  into  a 
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ition  of  rhythmic  activity.     It  has  been  suggested  that  the   normal 


undulati 


be  due 


hvthi 


iij   fall  of  the 


iratory 
activity  of  the  vasomotor  centre,  Bynchronous,  like  that  of  the  cardio- 
iDhibitory  centre,  with  the  respiratory  inuveiuents.  There  can,  however,  be 
no  doubt  that  the  respiratory  variutioiif^  in  blood-pressure  arc  due  to  the 
mechanical  conditious  discussed  above,  and  that  vasomotor  influences  inter- 
vene but  little  if  at  all. 

FIO.  u*. 


BuxuvntnsuBB  Cukvc  op  a  Rabbit,  Rbcokokd  on  a  Slowly  Moviko  Surtacb,  to  buow 

TRAVBX-HBfU?ia  Cl'BVIVi. 

Cn*  cmm  WM  deicrlbed  not  by  meuu  of  b  raercmy  muionieter,  but  b>'  an  Inctniment  xlmiUr  to 
bal  DOC  IdfiodCBl  wlih  rlckv  spring  kymograpb.)  In  e«eb  benrt-beiii  the  upward  *nd  downward 
fltmk*  are  rery  cloM  tovettier.  biit  raay  b«  easily  dlfttDgulabed  by  the  belji  of  a  lent.  Tbe  uadula- 
tknta  of  tbe  ne^t  order  are  tbo«e  of  roNplmtlon.  The  wider  iweepf  are  the  Tranbe-rierlng  curves,  of 
which  two  oomplcte  correa  and  portions  of  twu  oihen  are  shown.  Each  Traiibe-Uerlng  cture 
ooanpfflM*  about  nine  respimtory  curvei,  and  each  refl|iiratory  ctinre  about  tbe  aame  number  of 
kawt-bealJL 


§  389.  The  further  general  effects,  similar  to  the  above,  on  the  vascular 
tj9iem  of  deficient  arterializfllion  of  the  blooil  may  be  studied  by  taking  a 
blood-presBure  tracing  from  the  cartoid  or  other  artery  of  an  animal  while 
tbe  interference  with  respiration  is  pushed  on  to  a  fatal  asphyxia.  During 
tbe  first  and  second  stages  of  the  asphyxia  the  blood-pressure  rises  rapidly, 
attaining  a  height  far  above  the  normal.  During  the  third  stage  it  falls 
even  more  rapidly,  repassing  the  normal  and  becoming  nil  as  death  ensues. 
If  the  animal,  no  urari  having  been  given,  ih  breathing  of  itself,  and  if,  as 
usually  is  the  case,  the  asphyxia  is  brought  about  by  occlusion  of  the  trachea, 
8o  that  the  mechanical  effects  of  the  respiratory  movements  are  exaggerated 
by  tbe  air  being  unable  to  enter  the  chest,  the  respiratory  uudulations  of 
tbeprcflBure-curve  due  to  the  mechanical  causes  discussetl  above  are,  espe* 
csally  during  the  first  stage,  extensive,  abrupt,  and  irregular,  the  inspiratory 
iDOTeroeots  oeing  accompanies!  by  a  conspicuous  fall  of  pressure.  When 
tlie  animal  has  been  previously  placed  under  urari,  so  that  the  respiratory 
impulsee  cannot  manifest  themselves  by  any  muscular  movements,  the  rise 
of  the  pressure-curve,  as  we  have  already  said,  is  at  first  steady  and  uqbroken, 
biit  after  a  variable  perifid  Traube's  curves  make  their  appearance.  As 
during  the  third  stage  the  preisure  sinks,  theae  undulations  pass  away. 

The  heart* beats  arc  at  first  somewhat  quickened,  but  speedily  become  slow, 
At  the  same  time,  as  we  have  seen,  not  notably  losing  force,  so  that  the  pulse- 
curves  on  the  tracing  are  exceedingly  bold  and  striking.  But  the  boldness 
of  tbe  curve  of  the  mercury  manometer  is,  it  must  be  remembered,  partly 
the  mere  result  of  the  slowness  of  the  rhythm  ;  the  mercury  has  time  to  fafi 
largely  between  each  two  beats.  (Fig.  148,  3  and  4.)  Even  while  the  blood- 
preaure  is  sinking,  and  when  the  cardiac  stroke  is  now  certainly  lessening 
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in  vigor,  the  slowness  of  the  cardiac  rhythm  is  stilt  sufiicieDt  to  maiDtain 
somewhat  these  characters  of  the  curve.  The  strokes  at  last,  however,  rapidly 
fail  in  strength  and  become  irregular,  though  the  heart  continues  to  beat  for 
some  seconds  after  the  respiratory  movements  have  ceased. 

If  the  chest  of  an  animal  be  opened  under  artiticial  respiration,  and 
asphyxia  brought  on  by  cessation  of  the  respiration,  it  will  be  seen  that  the 
heart  during  the  second  aud  third  stages  becomes  completely  gorged  with 
venous  blood,  ull  the  cavities  as  well  as  the  Inrge  veins  being  distended  to 
the  utmost.  If  the  heart  be  watched  to  the  close  of  the  evenU,  it  will  be 
Been  that  the  feebler  strokes  which  come  on  toward  the  end  of  the  third  stage 
are  quite  unable  to  empty  its  cavities;  and  when  the  last  beat  has  passed 
away  its  ]>art8  are  still  choked  with  blood.  The  veins  spurt  out  when 
pricked;  and  it  may  frecpiently  be  observed  that  the  beats  recommence 
when  the  over-distention  of  the  heart's  cavities  is  relieved  by  puncture  of 
the  great  vessels.  When  rigor  mortU  sets  in  after  death  by  asphyxia,  the 
leil  side  of  the  heart  is  more  or  less  emptied  of  it^  contents;  but  not  so  the 
right  side.  Hence,  in  an  ordinary  post-mortem  examination  in  cases  of 
death  by  asphyxia,  while  the  left  side  is  found  comparatively  empty,  the 
right  appears  gorged. 

Tbe^e  various  phenomena  of  asphyxia  are  probably  brought  about  in  the 
following  way : 

The  iucreaaingly  venous  character  of  the  blmxi  augraenlij  the  action  of  the 
vasomotor  centres,  both  the  medullary  centre  and  tne  subsidiary  centres  in 
the  spinal  cord,  and  thus  leads  to  a  constriction  of  the  small  arteries,  espe- 
cially of  the  splanchnic  area.  This  is  the  chief  cause  of  the  markedly 
incre*»sed  blood- pressure;  though  the  venous  blood  may  possibly  also  act 
directly  on  periphenil  vasomotor  niechanistns,  or,  what  is  more  likely,  may 
increase  the  peripheral  resistance  'm  the  capillaries  themselves,  since  there 
are  reasons  for  thinking  (?;  180)  that  venous  blood  rich  in  carbonic  acid 
meets  with  more  frictioiu  and  pa-sses  leas  easily  through  the  capilliirios  than 
does  blood  less  venous  in  character. 

This  iucreusetl  peripheral  resistance  and  the  high  blood- pressure  to  which 
it  gives  rise,  while  tending  to  increase  the  distention  of  the  left  ventricle  and 
so  indirectly  helping  to  augment  the  force  of  the  heart's  beat,  soon  becomes 
&  direct  obstacle  to  the  heart  emptying  itself  of  it^  contents.  On  the  other 
hand,  the  labored  respiratory  movements  favor  the  flow  of  venous  blood 
toward  the  heart,  which  in  consequence  becomes  more  and  more  full.  This 
repletion  is  moreover  assisted  by  the  marked  infrequency  of  the  beats  which 
is  soon  developed.  This  in  turn  depends  in  part  on  the  cardio-iohibitory 
centre  in  the  medulla  being  stimulated  by  the  venous  blood;  but,  ad  we 
have  previously  seen,  cannot  be  wholly  accounted  for  in  this  way.  The 
increased  resistance  in  fmnt,  the  augmented  supply  from  behind,  and  the 
long  pauses  between  the  strokes,  all  concur  in  distending  the  heart  more 
and  more. 

When  the  large  veins  have  becotne  full  of  blood,  the  inspiratory  move- 
ments can  no  longer  have  their  usual  effect  in  facilitating  the  venous  flow 
into  the  right  auricle.  The  chief  etfect  of  the  chest  movement,  as  far  as  the 
circulation  is  concerned,  is  to  widen  and  so  to  increase  the  capacity  of  the 

Iiulnionary  vessels,  and  at  the  same  time  tu  diminish  the  pressure  around  the 
arge  arteries ;  hence  the  marked  sinking  of  the  blootl-preasure  during  each 
inspiratory  movement. 

The  diatention  of  the  cardiac  cavities,  at  first  favorable  to  the  heart-beaif 
as  it  increases  becomes  injurious;  and  the  cardiac  tissues  atler  a  while  be- 
come enfeebled  by  the  action  of  the  venous  blood,  so  that  the  strokes  of  the 
heart  become  weaker  and  irregular. 
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On  account  of  this  increasing  feebleness  of  the  heart's  heat,  accompanied 
hy  more  or  le8»  irregularity,  the  btootl-nressure.  in  spite  of  the  continued 
Arterial  oonstriotion.  begins  to  fall,  since  less  and  less  blood  \&  pumped  into 
Uie  arterial  system;  the  boldness  of  the  pulse-curves  at  this  stage  is  chieSy 
«lue  to  the  Lafrei^ueucy  of  the  Htrokes.  As  the  quantity  which  paaaee  from 
the  heart  into  the  arteries  l>ecome3  leas  second  by  i^econd,  the  pressure  geia 
lower  and  lower,  the  descent  being  assisted  by  the  exhaustion  of  the  vaso- 
motor centre,  until  almost  before  the  last  beats  it  has  9iink  to  zero.  Thus  at 
the  cloee  of  asphyxia,  while  the  heart  and  venous  system  are  distended  with 
bltKxl.  the  arterial  syetem  is  less  than  normally  full. 

§  390.  While  changes  occurring  primarily  in  the  respiratory  system  thus 
afaH  the  vascular  system,  conversely  changes  occurring  primarily  iu  the 
WCiilar  system  afiect  the  respiratory  system.  Two  kinds  of  change  in  the 
TMCular  system  bearing  on  two  parts  of  the  respiratory  system  deserve 
«qMcial  attention. 

In  the  first  place  the  respiratory  mechanism  may  be  affected  by  changes 
in  the  blood-supply  to  the  respiratory  centre  in  the  medulla.  We  have 
already  seen  (§  ■STti'l  ihat  the  sudden  cutting  off'  of  the  supply  of  blood  to 
the  medulla  gives  rise  to  dvspno^ic  respiratory  movements  and  may  lead  to 
expiratory  amvulsions.  That  is  an  extreme  case;  but,  short  of  that,  the 
activity  of  the  respiratory  centre,  the  extent  and  character  of  the  respiratory 
expluKions  which  take  place  in  it,  may  be  varied  according  as  the  constricted 
or  dilated  condition  of  the  small  arteries  branching  off  from  the  basilar 
artery  or  of  the  basilar  artery  itself  allows  a  scanty  or  a  full  flow  of  blood 
through  the  medulla.  And  it  is  possible  that  some  forms  of  dyspmea  may 
He  brought  about  in  this  way. 

Much  more  common  and  imjjortaut,  however,  is  the  sewiml  kind  of  chauge, 
l}tal  atfectingthe  circulation  through  the  lungs.  In  the  normal  organism  an 
etjuate  supply  of  arterial  blood  to  the  tissue*  is  secured  by  an  ade<]uate 
oewal  of  the  air  in  iho  pulmonary  alveoli,  and  an  ade^juately  rapid  How  of 
bIiH»d  through  the  pulmonary  capillaries.  When,  as  by  obstruction  in  the 
pulmonary  arteries,  or  by  failure  of  the  cardiac  valves,  or,  and  perbaj^s  eepe* 
"y,  by  an  insufficient  cardiac  stroke,  the  stream  of  blot>d  from  the  lungs 
to  Lbe  leil  ventricle  is  leesenetl  either  in  amount  or  in  rapidity,  lees  oxygen 
to  the  tissues,  including  the  nervous  tissue  of  the  medulla,  and 
or  "want  of  breath"  follows.  When  the  circulation  through  the 
IiingB  u  in  full  healthy  swing,  the  bsmoglobin  of  the  red  corpuscles  is  as  we 
have  seen  saturatetl  or  nearly  saturated  with  oxygen.  If  owing  to  a  slower 
•iroam  the  red  corpuscles  tarry  longer  in  their  passage  along  the  walls  of  the 
Imonary  alveoli  they  cannot  thereby  take  up  a  compensating  addition  of 
gen.  indee<l,  it  is  doubtful  if  they  can  take  up  any  additional  oxygen  at 
ir.  The  blood  falling  under  these  circumstances  into  the  left  ventricle  and 
•eot  thence  over  the  body  is  not  more  arterial  than  usual ;  at  the  same  time 
the  amount  of  blood  sent  out  at  each  heart  stroke  is  less,  often  much  less, 
than  the  normal ;  and  the  medulla  as  well  as  the  other  tissues  suffer  in  con- 
oe  from  a  deficiency  of  oxygen.  The  deficient  supply  to  the  medulla 
ifeita  itself  in  dyspavic  or  at  least  in  labored  breathing,  which  sometimes 
gh  the  mechanical  influences  discussed  above,  has  the  happy  result  of 
proving  the  pulmonary  circulation  and  so  produces  compensating  effects. 
When  the  pulmonary  artery  is  suddenly  plugged  with  a  clot  the  primary 
AAd  urgent  symptom  is  "  want  of  breath,"  though  air  enters  freely  into  the 
and  "  cardiac  dyspncea  "  is  a  common  symptom  of  canliac  diseaae. 
89L  Other  systems  of  the  body  are  also  related  to  the  respiratory  imi- 
though  by  ties  less  striking  than  those  which  bind  to  it  the  vascular 
We  Lave  seen  that  deficient  arterialization  of  the  blood  stirs  up  the 
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mu^clea  of  the  nliraenUry  canal  to  increased  activity,  and  we  shall  preseutly 
see  thai  the  same  coudiLiou  has  a  notable  etJect  in  proraotinfj  the  perspiraiion ; 
it  prohahly  has  a  einiilar  influence  over  other  secretions.  On  the  other  hand, 
as  we  littve  seen,  ^  *'i74,  there  are  reasons  for  thinking  that  the  activity  <»!'  the 
respiratory  centre  and  so  the  energy  i>f  the  ivliole  re-Spiratory  act  is  influenced 
by  chemical  changes,  other  than  the  decrease  of  oxygen  and  increase  of 
carbonic  acid,  brought  about  in  the  blood  by  the  activity  of  the  skeletal 
muscles. 

Thecloaeuess  and  the  intricacy  of  the  ties  which  thus  connect  the  respira- 
tory syateni  with  almor*t  all  parts  of  the  body  may  be  illustrated  by  consider- 
ing the  eflecta  of  muscular  work  on  the  body,  and  the  conditions  which,  apart 
from  the  capacity  of  the  muscles  themselves  and  of  the  motor  nervous  appa- 
ratus which  putJ3  them  to  work,  determine  the  power  of  the  body  to  do  work. 
During  work,  especially  arduous  work,  the  muscular  contractions  rob  the 
blood  of  much  oxygen  and  load  it  with  much  carhoinc  acid.  This  change 
in  the  bloijd  would  itself  increase  the  activity  of  the  respiratory  centre  and 
the  energy  of  the  respiratt»ry  movenieuts,  and  might  he  sufficient  to  secure 
such  an  increase  of  these  movemenLH,  that  the  deficiency  of  oxygen  and 
increase  of  carbonic  acid  should  never  overstep  certain  limits.  But,  as  we 
have  Sflid,  apparently  other  products  of  muscular  luetaboHsm  act  so  potently 
in  stimulating  the  respiratory  centre,  that  the  respiratory  movements  are 
more  than  sulficient  to  com  penmate  the  changes  in  the  ^ases  of  the  bU>od. 
The  ethcacy  of  the  augmented  respiratory  movements  13  much  increased  by 
a  cuncomttant  increase  iu  cardiac  activity  und  a  swiller  or  fuller  stream  of 
blood  through  the  lungs;  indeed,  unless  hackee!  up  by  the  cardiac  increase. 
the  mere  increase  of  the  pulmonary  ventilation  might  prove  inadequate. 

Hence  the  cflpacity  for  anluoue  muscular  hibor  is  determined  not  by  the 
respiratory  mechaniem  alone,  nor  by  the  vascular  syi^tem  alone,  but  by 
both,  and  especially  by  both  working  together  iu  harmony  and  concert. 
The  increased  ventilation  would  be  idle  unless  it  were  accompanied  by  a 
rjuicker  circulation,  and  the  quicker  circulation  woukl  similarly  be  of  com- 
paratively little  use  unless  accompanied  by  increased  ventilation.  To  a 
bystander  the  working  of  the  respiratory  pump  is  much  more  obvious  than 
that  of  the  vascular  system,  and  indeed  the  subject  himself  is  much  more 
directly  conscious  of  changes  in  the  former  than  of  changes  in  the  latter. 
Hence  when  the  organism  ceases  to  be  able  to  meet  the  demands  which  the 
labor  is  making  upon  it,  the  subject  is  said  to  be  "out  of  breath,"  though  in 
ft  large  number  of  cases  the  failure  lies  much  more  at  the  door  of  the  vas- 
cular than  of  the  respiratory  system.  And,  as  a  rule,  it  may  perhaps  be 
said  that  when  two  men  diifer  in  their  capacity  for  strenuous  work,  such  as 
running  a  race,  the  ditlerence,  though  it  is  often  familiarly  spoken  of  as  one 
of*  wind  "  or  |Hiwer  of  breathitig,  is  in  reality  not  a  diflerence  in  ventilating 
capacity  but  a  diflerence  in  the  power  of  the  heart  to  keep  up  to  and  work 
in  harmony  with  the  increased  respiratory  movementa. 

Thus  there  are  two  main  factors  in  respiration,  the  respiratory  mechaniam 
proper,  and  the  circulation,  the  one  bringing  the  air  to  the  blood,  and  the 
other  the  bloi>d  to  the  air.  We  may  remind  the  reader  that  there  Is  also  a 
third  factor,  and  that  one  of  great  moment,  the  amount  of  haemoglobin,  that 
is,  the  number  of  red  corpuscles,  in  the  blood.  Theamount  of  oxygen  taken 
up  from  (he  lungs  depends  not  only  on  the  strokes  of  the  respiratory  and  the 
vascular  pumfw  but  also  on  the  richness  of  the  blood  in  red  corpuscles.  A 
body  which  from  loss  of  blood  or  from  disease  is  aniemic  is  thrown  out  of 
breath  by  very  slight  exertion,  not  so  much  becauee  the  respiratory  or  the 
vascular  pump  is  weak,  but  because,  through  lack  of  oxygen  carriers,  with 
their  best  eflbrts    the   combined   pumps  can  only  deliver   to   the    tissues, 
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icluding  the  medulla,  an  iuade<]unte  siifjpty  of  oxygen.  Aud  fat  persons, 
whose  store  of  htciuviglobin  in  proportimi  tn  their  body  weight  i»  always 
bcJow  par,  are  proverbially  "scant  of  brenth." 
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^  392.  The  respiratory  niechaniain  with  ito  adjuucls,  in  addition  to  its 
rebpiratory  function,  becomes  of  service,  especially  in  the  case  of  man,  as  a 
means  of  expressing  emotions.  The  respiratory  columu  of  air,  moreover,  in 
its  exit  from  the  chest,  is  frequently  made  use  of  in  a  mechanical  way  to 
expel  bodies  from  the  upper  air-passages.  Hence  arise  a  number  uf  pecu- 
liarly modified  and  more  or  less  complicated  respiratory  movements,  eighing, 
coughing,  laughter,  etc.,  adapted  to  secure  special  ends  which  are  not  dis- 
tinctly nsspiratory.  They  are  all  essentially  reflex  in  character,  the  stimulus 
deiL-rmiuiug  each  movement,  sometimes  atfecting  a  perif)heral  allcrent  nerve 
as  in  the  case  of  coughing,  sometimes  working  through  the  higher  purts  of 
ibe  brain  as  in  laughter  and  crying,  sometimes  possibly  as  in  yawning  and 
Mghiog,  acting  on  the  respiratory  centre  itself.  Like  the  simple  respiratory 
act,  they  may  with  more  or  leas  success  be  carrier!  out  by  a  direct  eflort  of 
the  will. 

Sif/Mnff  is  a  deep  and  hing-drawn  inspiration,  chiefly  through  the  nose, 
followed  by  a  somewhat  shorter,  but  correspondingly  large  expiration. 

Yawning  is  similarly  a  deep  inspiration,  deeper  and  longer  continued  than 
a  ftigh,  drawn  through  the  widely  open  mouth,  and  accompanied  by  a 
pe«*uliar  depreseion  of  the  lower  jaw  and  frequently  by  au  elevation  of  the 
shotildera. 

Hiccough  consists  in  a  sudden  inspiratory  conlraction  of  the  diaphragm,  in 
%h^  oourae  of  which  the  glottis  Hiiddenly  chises,  so  that  the  further  entnmce 
of  air  into  the  che^t  is  preventer],  while  the  impulse  of  the  column  of  air 
just  entering,  us  it  strikes  upon  the  closed  glottic,  gives  rise  to  a  well-known 
accompanying  stnind.  The  aflerent  impulses  of  the  reflex  act  are  conveyed 
by  tl)«  gastric  branches  of  the  vagun.  The  closure  of  the  glottis  is  c*arried 
out  by  means  of  the  inferior  laryngeal  nerve.     See  Vni^i, 

In  fobbing  a  series  of  similar  convulsive  inspirations  follow  each  other 
•Sowly,  the  glottis  being  closed  earlier  than  in  the  ease  of  hiccough,  bo  that 
little  or  no  air  enters  into  the  chest. 

OatigkinQ  consists  in  the  first  place  of  a  deep  and  long-drawn  inspiration 
which  Ae  lungs  are  well-fllled  with  air.     This  is  followed  by  a  complete 

ueure  of  the  glottis,  and   then  comes  a  sudden  and  forcible  expiration,  in 

e  midst  uf  which  the  glottis  suddenly  opens,  and  thus  a  blast  of  air  is 

iven  through  the  upper  respiratory  ptkssages.     The  afferent  impulses  of 

b  reflex  act  are,  in  most  cases,  as  when  a  foreign  body  is  lodged  iu  the 
nx  or  by  the  side  of  the  epiglottis,  conveyed  by  the  superior  laryngeal 
ve;  but  the  movement  may  arise  from  stimuli  applied  to  other  afferent 
fmoches  of  the  vagus,  .such  as  those  supplying  the  bronchial  passages  and 
stvmarh  and  the  auricular  brauch  distributed  to  the  meatwt  exiernujf.  Stimu- 
lation of  other  nerves  also,  such  as  those  uf  the  skin  by  a  draught  of  cold 
air,  may  develop  a  cough. 

Iu  fHMzing  the  general  movement  is  essentially  the  same,  except  that  the 
opening  fnim  the  pharynx  into  the  mouth  is  closed  by  the  contraction  of  the 
anterior  pillars  of  the  fauces  and  the  descent  of  the  sofl  palate,  so  that  the 
ft»roe  of  tne  blast  is  driven  entirely  through  the  nose.  The  afferent  impulaee 
here  usually  come  from  the  nasal  branches  of  the  fffth.     When  sneezingy 
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however,  is  produced  by  &  bright  light,  the  optic  nerve  would  seem  to  be 
the  afferent  nerve. 

Laughing  consists  essentially  in  an  inspiration  succeeded,  not  by  one,  but 
by  a  whole  series,  often  long  continued,  of  short  spasmodic  expirations,  the 
glottis  being  freely  open  during  the  whole  time,  and  the  vocal  cords  being 
Uirown  into  characteristic  vibrations. 

In  crying,  the  respiratory  movements  are  modified  in  the  same  way  as  in 
laughing;  the  rhythm  and  the  accompanying  facial  expressions  are,  how- 
ever, different,  though  laughing  and  crying  frequently  become   indistin- 
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!)  393.  We  have  traceti  the  food  from  the  alimciilary  canal  iii^  the  blood, 
and,  did  the  state  of  uur  kuuwiedge  permit,  tlie  imturul  court^e  of  uur  i^tudy 
would  be  to  truce  the  food  from  the  blood  iutu  the  tiasues,  and  ihcn  to  follow 
the  products  of  the  activity  of  the  tissues  back  lulo  the  blood  and  i^o  out 
of  the  body.  This,  however,  we  caunot  ti*  yet  satisfactorily  do  ;  iind  it  will 
be  more  convenient  to  study  first  the  fioal  products  of  the  ruetaboliam  of  the 
body,  and  the  manner  in  which  they  are  eliminated,  and  afterward  to  returu 
to  the  dificussioD  of  the  intervening  Ateps. 

Our  ffKxl  cons'uta  of  certain  food-fitutfs,  viz.,  proteida,  fats,  and  carbo- 
hvdraleR,  of  various  sails,  and  of  water.  In  their  pansage  through  the  blood 
and  tissues  of  the  body,  the  proteids,  fats^  and  carbohydrates  are  converted 
into  urea  (ur  some  clot^ely  allied  bo<ly),  carbonic  acid,  and  water,  the  nitrogen 
of  the  urea  being  furniehed  by  the  proteids  alone.  Many  of  the  proteids 
coDiaiu  sulphur,  and  also  have  phosphorus  attached  to  them  iu  some  com- 
biuntion  or  other,  am)  some  of  the  tiit.'i  taken  a.'^  food  contain  phosphorus; 
these  elements  ultimately  unriergo  oxidation  into  phosphates  and  sulphates, 
and  leave  the  b(xly  in  that  fortu  iu  company  with  the  other  salts. 

Broadly  speaking  then,  the  waste  prcKlucta  of  the  animal  economy  are 
urea,  carbonic  acid,  salts,  and  water.  These  leave  the  bmly  by  one  or  other 
of  three  main  channels,  the  lungs,  the  skin,  and  the  kidney.  Some  part,  it 
is  iTue,  leaves  the  body  by  the  bowels,  for,  as  we  have  seen,  the  feces  contain, 
besides  undigested  portions  of  food,  subsLauccs  which  have  been  secreted  into 
the  bowel,  and  are,  therefore,  waste  products;  but  the  amount  of  these  is  so 
small  that  they  may  hv  neglected. 

The  lungs  serve  as  the  channel  for  the  discharge  of  the  greater  part  of 
the  carbrmic  acid,  and  a  considerable  quantity  of  water;  this  discharge  we 
have  just  studie-d.  Through  the  skin  there  leave  the  body  a  comparatively 
email  quantity  of  salts,  a  little  carbonic  acid,  and  a  variable  but  on  the  whole 
large  quantity  of  water. 

The  kidneys  discharge  all  or  nearly  all  the  urea  anri  allied  bodies,  the 
greater  portion  of  the  salts,  and  a  large  amount  of  water,  with  an  insignifi- 
cant quantity  of  carbonic  acid.  They  are  especially  important,  since  by 
them  practically  all  the  nitrogenous  waste  leaves  the  body,  and  to  them  we 
will  turn  firat. 


The  Structure  of  the  Kidney. 

{384.  The  kidney  is  a  secreting  gland  constructed  upon  the  general  plan 

•f  ■  compound  secreting  gland,  but  poaaessing  .■*pecial  teatures.     The  secret- 

lOp  portions,  in  which  the  divisions  of  the  main  duct  or  ureter  end,  are  not 

fv/atit-ely  short  tubes  with  branchings  or  lateral  bulgings,  that  is  to  say,  are 

l^ot  aiveoli,  but  are  extremely  long  narrow  tubules,  with  no  branchings  or 

*^ral    bulgings.     The  whole  body  of  the  kidney  is  made  up  of  these  con- 

'ttUiGQt  tubules,  uriniferous  tubules,  tubu/i  nrhitjeri^  closely  packed  together 
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with  just  as  luuch  connective  tissue  na  Is  sufEcient  to  carry  a  large  supply  of 
blnodvessels,  a  certain  number  of  lyrnphalica,  and  nerves. 

Each  uriniferoud  lubule,  conaietiug  of  a  single  layer  of  epithelium  resting 
on  a  bai^ement  membrane  which  over  the  great  part  of  the  length  of  the 
tubule  is  conspicuous  and  distinct,  begins  in  a  peculiar  alructure  called  a 
Malpighian  caraule,  and  for  the  Hrst  part  of  its  courae  j)urtiuej*  a  path  which 
is,  on  the  whole,  very  twisted  and  devious,  during  which  it  may,  for  the 
present,  bespoken  of  as  a  twisted  tubule,  corresponding  to  the  tubuitui  cort- 
torttis  ijf  old  writers.  It  sub-sequently  takes  a  more  straight  criurse,  and  is 
then  called  a  straight  tubule,  tubuhis  rectus.     At  its  beginning  and  during 

its  twisted  course,  the  tubule  lies,  for  the  most, 
near  the  surface  of  the  kidney,  forming  the 
main  part  of  the  codex  of  the  kidney  [Fig. 
150.]  During  its  straight  course  it  runs 
toward  the  deeper  parts,  converging  toward 
the  concave  border  or  hilus  of  the  kidney 
where  the  main  duct  or  ureter  enters;  the 
ooDverging  straight  tubules  forming  together 
the  meduUa  of  the  kidney.  While  pursuing 
the  first  twisted  and  devious  part  of  their 
ctnirse,  during  the  greater  part  of  which, 
as  we  shall  see,  they  possess  marked  secre- 
tory characters,  the  tubulea  do  not  join  each 
other.  During  the  latter  straight  part  of 
their  course,  when,  as  we  shall  see,  their  char- 
acters are  those  of  conducting  rather  than 
of  secreting  tubules,  they  repeatedly  join. 
After  each  junction  the  tubules,  though  wider 
than  each  of  the  two  tubules  which  joined  to 
form  it,  occupies  less  space  than  the  two 
together;  hence  the  medullary  substance  be- 
comes leas  as  it  converges  toward  the  hilus. 
The  medulla  is,  moreover,  divided  into  a 
number  (varying  in  different  animals,  being 
one  in  the  rabbit  and  the  rat,  and  about  ten 
or  twelve  in  man)  of  masses,  each  of  which, 
since  it  diminishes  in  bulk  toward  the  hilus, 
has  the  form  of  a  pyramid, /?yromif/ 0/  Mai- 
pighi,  with  its  apex  directed  radially  toward  the  hitua  and  its  base  restiog 
on  and  becoming  confused  with  the  cortex. 

The  ureter  or  main  duct  of  the  kidney  when  traced  to  the  kidney  is  found 
to  expand  at  the  hilus  into  a  funnel  shaped  cavity,  the  pelvvi,  which  divides 
or  branches  »f>mewhat  irregularly  into  a  number  (equal  to  that  of  the  pyra- 
mids) of  short,  broad  tubes,  calyces,  somewhat  in  the  way  that  the  hand  of  a 
glove  divides  into  the  Hngers,  but  more  irregularly.  Into  each  calyx  the 
summit  of  a  corresponding  pyramid  projects  for  some  little  way  in  the  form 
of  a  nipple,  or  pa/>i7/o,  the  epithelium  lining  the  calyx  being  thus  continuous 
with  and,  as  it  were,  reflected  to  form  the  epithelium  covering  the  projecting 
nipple  of  the  pyramid.  The  straight  ttibutes  forming,  as  we  have  seen,  the 
pyramid,  though  numerous  at  its  base,  become  by  repeated  junctions  fewer 
and  larger,  and  finally  form  a  number  (in  man  about  a  score)  of  relatively 
wide  tubule-s  which  open  into  the  calyx  at  or  near  the  very  summit  of  the 
nipple;  here  the  e[iithelium  lining  the  tubules  becomes  continuous  with  the 
epithelium  covering  the  papilla. 

Ilenee,  in  a  radical  section  of  human  kidney  (one  taken  in  the  long  axis 
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h«iDg  preferable),  the  whole  outer  portion  of  the  orgaiij  all  round  except  at 
the  nilua,  will  be  seen  to  be  occupied  by  the  fairly  uniform  cortex,  which, 
being  compofied  as  we  have  said,  mainly  of  tubes  twisting  in  nil  directions, 
nreients  on  section  to  the  naked  eye  agranular  aspect.  From  this  cortex  will 
be  seen  converging  toward  the  hilus  a  certain  number  of  pyramids,  each  of 
which,  since  it  is  iiiaiuly  coniposeil  of  radiating  straight  tubulee,  and  eince 
the  minute  bU>o<l vessels  ramifying  in  it  have  a  ;3imi1ar  radiating  Atraight 
course,  will  present  to  the  naked  eye  a  more  or  less  marked  radiating  grain 
or  striation.  The  apex  of  each  pyramid  where  the  section  has  pa^ed  through 
the  apex  will  be  seen  projecting  into  its  appropriate  calyx,  the  calyces  will 
be  seen  uniting  to  form  the  pelvis,  and  provided  that  the  plane  of  section 
baa  paaed  through  the  mouth  of  the  ureter,  the  pelvis  will  be  seen  narrow- 
ing into  the  ureter.  The  section  may,  of  course,  have  missed  the  ureter  ;  it 
is  also  very  likely  to  have  cut  one  or  other  of  the  pyramids  higher  up  than 
the  attachment  of  the  calyx,  in  which  case  of  course  the  projection  of  the 
iwpilla  of  the  pyramid  into  its  calyx  is  uot  seen. 

The  pyramids  are  separated  from  each  other  laterally  above  the  attach- 
ment of  their  respective  calyces  partly  by  a  small  quantity  of  cortical  sub- 
stance which  cree]>3  down  their  sides  toward  the  [lelvia  (columnsof  Hertini}, 
and  also  by  the  larger  branches  of  the  bloodvessels  which,  lying  outside  the 
liielvis  and  dividing  as  it  divides,  plunge  into  the  substance  of  the  kidney 
tietween  the  calyces  and  bo  between  the  pyramids,  and  then  run  outward 
toward  the  junction  of  the  cortex  and  medulla  to  be  didtribute<]  in  a  manner 
which  we  shall  describe  presently.  The  kidney  ia  really,  as  seen  in  the 
embryo  kidney  of  man  and  indicated  by  the  adult  kidney  of  some  animals, 
co[up«.iee<i  of  lobes,  each  lobe  consisting  of  a  more  central  medulla  in  the 
form  of  a  pyramid,  covered  especially  at  its  base,  but  also  to  a  certain  extent 
at  the  sides  by  cortex,  and  opening  at  its  apex  into  an  appropriate  division 
of  the  ureter.  As  in  other  glands,  the  larger  branches  of  the  bloodvessels 
run  in  the  connective  tissue  joining  the  lobes  together,  and  pass  thence  into 
the  lobes.  In  the  adult  kidney  the  lobes  have  become  more  or  less  fused 
together.  In  the  cortex  the  fusion  is  complete,  but  the  pyramids  still  main- 
tain the  medulla  in  a  lobe<l  condition,  separated,  however,  laterally  by  noth- 
ing more  than  by  bloodvessels,  with  the  connective  tissue  carrying  them, 
ftod  a  remnant  of  cortical  substance.  The  surface  of  the  kidney,  save  in 
aboormal  cases,  shows  no  indications  of  division  into  lobes;  the  uniform 
level  of  the  cortex  is  bounded  by  a  capsule  of  connective  tissue,  which  may 
be  eauily  stripped  off*  from  the  cortical  substance  below,  and  which  at  the 
hiluB  is  continuous  with  the  connective  tissue  surrounding  and  binding 
^>getbe^  the  ureter,  renal  vessels,  and  renal  nerves.  A  quantity  of  adipose 
tissue  nut  infrequently  surrounds  the  kidney,  being  especially  abundant  at 
the  hilus. 

^  39d.  Kach  tubule  begins,  as  we  have  said,  in  a  Malpighian  capsule 
[Fig.  151]  somewhere  in  the  cortex,  either  near  the  capsule  or  near  the 
bsse  of  a  pyramid,  or  at  some  intermediate  level.  From  thence  it  runs,  we 
have  also  said,  first  as  a  twisted  tubule  and  subsequently  as  a  straight  tubulo; 
but  ID  the  first  part  of  its  course  its  path  is  so  peculiar  that  the  word  twisted 
oot  accurately  describe  it.     Moreover,  the  characters  of  the  tubule 


■Slim 


n  so  markedly  at  various  parts  of  its  course,  and  these  changes  are 
probtiibly  of  such  great  im(>ortance  that  a  description  of  the  tubule  at  sue- 
ceasive  steps  of  its  progress  along  its  whole  length  becomes  advisable, 
though  we  at  present  do  not  understand  the  meaning  of  the  various  changes. 
Aj  we  shall  see,  some  of  these  complex  peculiarities  of  the  mammalian 
kidney  are  partly  explained  by  the  structure  of  the  kidney  of  one  of  the 
lowrr  animals,  such  as  a  frog.     It  will  be  convenient  to  describe  tirst  some 
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with  jugt  as  much  connective  tissue  aa  is  sufficient  to  carry  a  large  supply  of 
blood veseels,  a  certain  number  of  lyraphatice,  and  nerves. 

Each  uriniferouti  tnbule,  cnn3isting  af  a  single  layer  of  epithelium  resting 
on  a  basement  membrane  which  over  the  great  part  of  the  length  of  the 
tubule  Ks  conspicuous  and  dtdtiuct,  begins  in  a  peculiar  structure  callei.1  a 
Miitpighian  capaule,  and  for  the  first  part  of  its  course  pursues  a  path  which 
is,  ou  the  whole,  very  twittted  and  devious,  during  which  it  may,  for  the 
present,  be  spoken  of  aa  a  twisted  tubule,  correaponding  to  the  tiibfUiui  coh- 
tottiis  of  old  writers.  It  subsequently  takes  a  more  straight  course,  and  is 
then  called  a  straight  tubule,  tttbtihtJi  recUi^.     At  its  beginning  and  during 

its  twisted  course,  the  tubule  lies,  for  the  most, 
near  the  surface  of  the  kidney,  forming  the 
main  part  of  the  corUx  of  the  kidney  [Fig. 
150.]  During  its  straight  course  it  runs 
tdward  the  deeper  parts,  converging  toward 
the  concave  border  or  hilus  of  the  kidney 
where  the  main  duct  or  ureter  enters;  the 
converging  straight  tubules  forming  together 
the  mediiUn  of  the  kidney.  White  pursuing 
the  first  twisted  and  devious  part  of  their 
course,  during  the  greater  part  of  which, 
as  we  shall  see,  they  possess  marked  secre- 
tory characters,  the  tubules  do  not  join  each 
other.  During  the  latter  straight  part  of 
their  course*  when,  as  we  shall  see.  their  char- 
acters are  those  of  conducting  rather  than 
of  secreting  tubules,  they  repeatedly  join. 
After  each  junction  the  tubules,  though  wider 
than  each  of  the  two  tubules  which  joined  to 
form  it,  occupies  less  space  than  the  two 
together ;  hence  the  medullary  substance  be- 
comes less  as  it  couverge«  toward  the  hiluB. 
The  medulla  is,  moreover,  divided  into  a 
numl>er  (varying  in  different  aiiimals,  being 
one  in  the  rabbit  and  the  rat,  and  about  ten 
or  twelve  in  man)  of  masses,  each  of  which, 
since  it  diminishes  in  bulk  toward  the  hilus. 
has  the  form  of  a  pyramid. /)yr'flmtW  of  Mal- 
piffhi,  with  its  apex  directe<l  radially  toward  the  hilus  and  its  base  resting 
on  and  becoming  confused  with  the  cortex:. 

The  ure:ter  or  main  duct  of  the  kidney  when  traced  to  the  kidney  is  found 
to  expand  at  the  hilus  into  a  funnel  »ha[>ed  cavity,  the  pelvis,  which  divider 
or  branches  somewhat  irregularly  into  a  number  (equal  to  that  of  the  pyra- 
mids) of  short,  broad  tubes,  ealA/ce».  somewhat  in  the  way  that  the  hand  of  a 
glove  divides  into  the  fingers,  but  more  irregularly.  Into  each  cjilyx  the 
summit  of  a  corresponding  pyramid  projects  for  some  little  way  in  the  form 
of  a  nipple,  (tr  papilla,  the  epithelium  lining  the  calyx  being  thus  continuous 
with  and,  as  it  were,  reflected  to  form  the  epithelium  covering  the  projecting 
nipple  of  the  pyramid.  The  straight  tubules  forming,  as  we  have  seen,  the 
pyramid,  though  numerous  at  it«  ba.se,  beciime  by  repeated  junctions  fewer 
and  larger,  and  finally  form  a  number  (in  man  about  a  score)  of  relativelv 
wide  tubules  which  open  into  the  calyx  at  or  near  the  very  summit  of  the 
nipple;  here  the  epithelium  lining  the  tubules  becomes  continuous  with  the 
eidlhelium  covering  the  papilla. 

Hence,  in  a  radical  section  of  human  kidney  (one  taken  in  the  long  axis 
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preferable),  the  whole  outer  {>ortioD  of  the  orgaa,  all  round  except  at 
iht  Litus,  will  be  seen  tu  be  occupieil  by  the  fairly  uniform  cortex,  whichf 
being  oompose<^  as  we  have  said,  mainly  of  tubea  twisting  iu  all  Jirections. 

EremaU  oo  section  to  the  naked  eye  a  granular  aspect.  From  this  cortex  will 
e  seen  converging  toward  the  hilus  a  certain  number  of  pyramids,  each  of 
which,  since  it  is  mainly  composed  of  radiating  straight  tubules,  and  since 
the  minute  bloodvesaels  ramifying  iu  it  have  a  simdar  radiating  straight 
courae,  will  preaent  to  the  naked  eye  a  more  or  less  marked  radiating  grain 
or  striation.  The  a|>ex  of  each  pyramid  where  the  section  has  bassed  through 
the  apex  will  be  seen  projecting  into  its  appropriate  calyx,  the  calyces  will 
be  Been  uniting  to  form  the  pelvis,  and  provided  that  the  plane  of  section 
has  passed  through  the  mouth  of  the  ureter,  the  pelvis  will  be  seen  narrow- 
ing into  the  ureter.  The  section  may.  of  course,  have  missed  the  ureter  ;  it 
t»  also  very  likely  to  have  cut  one  or  other  of  the  pyramids  higher  up  than 
the  attachment  of  the  calyx,  in  which  case  of  course  the  projection  of  the 
papilla  of  the  pyramid  into  its  calyx  is  not  seen. 

The  pyramids  are  separated  from  each  other  laterally  above  the  attach- 
ment of  their  respective  calyces  partly  by  a  small  quantity  of  cortical  sub- 
staDce  which  creeps  down  their  sides  toward  the  pelvis  (columns of  Ikrtini), 
antl  also  by  the  larger  branched)  of  the  bloodvessels  which,  lying  outside  the 
pelvis  and  dividing  as  it  divides,  plunge  into  the  substance  of  the  kidney 
bflCneen  the  calyces  and  so  between  the  pyramids,  and  then  run  outward 
toward  the  junction  of  the  cortex  and  medulla  to  be  distributed  in  a  manner 
which  we  shall  describe  presently.  The  kidney  is  really,  as  seen  in  the 
embryo  kidney  of  man  and  indicated  by  the  adult  kidney  of  some  animals, 
composeci  of  lobes,  each  lobe  consisting  of  a  more  central  medulla  in  the 
form  of  a  pyramid,  covere<lesi>ecially  at  its  base,  but  also  to  a  certain  extent 
at  the  aides  by  cortex,  and  opening  at  its  apex  into  an  appropriate  division 
of  the  ureter.  As  in  other  glau<ls,  the  larger  branches  oi  the  bloodvessels 
ruu  in  the  connective  tissue  joining  the  lobes  together,  and  pass  thence  into 
tbe  tobes.  In  the  adult  kidney  the  lobes  have  become  more  or  less  fused 
together.  In  the  cortex  the  fusion  is  complete,  but  the  pyramids  still  main- 
tain the  medulla  iu  a  lobed  contlition,  separated,  however,  laterally  by  noth- 
log  more  than  by  bloodvetisels,  with  the  connective  tissue  carrying  them, 
and  a  remnant  of  cortical  substance.  The  surface  of  the  kidney,  save  in 
aboormal  cases,  shows  no  indications  of  division  into  lobes  ;  the  uniform 
level  of  the  cortex  is  bounded  by  a  ca[)sulc  of  connective  tissue,  which  may 
be  easily  stripped  off  from  the  cortical  substance  below,  and  which  at  the 
hilus  is  continuous  with  the  connective  tissue  surrounding  and  binding 
together  the  ureter,  renal  vessels,  and  renal  nerves.  A  quantity  of  adipose 
liasue  not  infrequently  surrounds  the  kidney,  being  especially  abundant  at 
the  hilui. 

idBb.  Each  tubule  begins,  as  we  have  said,  in  a  Malpighian  capsule 
[Fig.  151]  somewhere  iu  the  cortex,  either  near  the  capsule  or  near  the 
base  of  a  pyramid,  or  at  some  intermediate  level.  From  thence  it  runs,  we 
have  also  said,  first  as  a  twisted  tubule  and  subsequently  as  a  straight  tubule  ; 
but  in  the  first  [wirt  of  its  course  its  path  is  so  peculiar  that  the  word  twisted 
dues  not  accurately  describe  it.  Moreover,  the  characters  of  the  tubule 
change  so  markedly  at  various  parts  of  its  course,  and  these  changes  are 
probably  of  such  great  importance  that  a  description  of  the  tubule  at  huc- 
cenive  steps  of  its  progress  along  its  whole  length  becomes  advisable, 
though  we  at  present  do  not  understand  the  meaning  of  the  various  changes. 
As  we  shall  see,  some  of  these  complex  peculiarities  of  the  mammalian 
kidney  are  partly  explained  by  the  structure  of  the  kidney  of  one  of  the 
lower  animals,  such  as  a  frog.     It  will  be  convenient  to  describe  first  some 


514 


THE     ELIMINATION    OT    WASTE    PRODUCTS. 


details  of  the  general  course  and  to  study  the  changes  in  character  subae- 
quenlly. 

Leaving  the  capsule  the  tubule  forme  in  the  neighboring  cortex  several 
ttharp  but  rounded  turns,  and  in  this  part  of  iu  course  is  very  distinctly  a 
twisted,  contorted,  convoluted  tubule.     It  then,  ceasing  to  be  distinctly  cvjd* 


Fio.  KM, 


A.  cortex 


IiiAOBAM  or  TUB  Course  or  Two  Usmncnous  Tiiivl». 

B,  boundary  rone ;  C.  pupninry  sone  nf  tin*  medulla:  d.  a',  superficial  aud  deep 
of  cortex  free  from  glomeruli.] 


laven 


voluted,  takes  on  a  wavyur  gently  spiral  or  sometimes  almost  straight  course, 
being  directed  radially  toward  the  medulla.  In  this  part  of  iU  course  it  is 
spoken  of  as  the  ^pirnl  tubule.  Still  eoutiuuing  its  radial  course,  the  tuhule. 
suddenly  diminishing  very  much  iu  width,  passes  on  for  some  distance  right 
down  into  the  pyramid  below  until,  at  a  level  which  differs  with  the  different 
tubules,  but  is  alway.-*  at  some  distance  from  the  apes  of  the  pyramid,  the 
tubule  bends  sharply  round  and  pursues  a  backward,  nearly  straight  course. 
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|Mmllel  to  iU  former  one,  until  it  tiuda  iuelf  back  again  in  the  cortex  at 
i<oiiM  distADce  from  the  medulla;  the  tuhule,  in  fact,  in  coDtiouatiou  of  the 
spiral  eegmeut,  makes  a  loop,  the  hop  of  Henle,  dipping  duwn  into  the  medulla 
for  A  certain  diataDce,  and  consisting  of  a  dencemling  and  an  ascending  limb, 
both  of  them  running  a  radial  course,  which  is  straight  or  nearly  so.  The 
deaceudiog  limb  is,  as  we  have  said,  very  narrow,  bui  either  hef<ire  it  makes 
lh«  bend,  or  just  at  the  bend,  or  at  some  little  distance  beyond  the  beud, 
when  it  has  already  become  the  ascending  limb,  it  enlarges  somewhat  and 
ehangoi  in  character,  though  not  reaching  the  diameter  of  the  spiral  or  con- 
voluted tubule.  Having  reached  some  part  or  other  of  the  cortex  in  a  more 
or  len  straight  radial  line,  the  ascending  limb  oi'  the  loop  of  Uenle  changes 
Again  in  character,  becomes  still  wider,  and  runs  in  the  cortex  a  once  more 
distinctly  twisted  course ;  the  twists,  however,  are  not  round  but  angular, 
giving  the  tubule  a  ^igz-ag  appearance ;  hence  this  portion  of  the  tubule  is 
ca]le<l  the  zigzag  or  sometimes  the  irregular  tubule.  Very  soon,  however, 
the  turns  of  the  tubule  become  rounded,  and  the  tubule,  still  running  in  the 
cortex,  assumes  characters  almost  identical  with  those  of  the  initial  convo- 
luted portion  ;  it  now  receives  the  name  of  the  second  convoluiM  tubule. 
After  several  turna  of  this  kind,  all  conHned  to  the  cortex,  the  tubule  once 
more  changes  in  character,  and,  running  a  .second  time  in  a  straight  radial 
course  toward  the  medulla,  becomes  a  collecting  tubule  pursuing  a  straight 
radial  course  directed  toward  the  apex  of  the  pyramid.  The  collecting 
tubule,  joining  other  collecting  tubules  and  changing  slightly  in  character, 
while  by  repeated  junctions  becoming  larger,  is  continued  as  a  discharging 
tubule,  whicn,  joining  other  tubules  as  it  passes  toward  the  apex  of  the  pyra- 
mids, opens  at  last  into  a  ciilyx  at  or  near  the  summit  of  the  papilla  of  the 
pyramid. 

Thus  each  tubule  starting  from  a  Malpigbiau  ca}}sule  becomes  in  succea- 
sioD  first  a  convoluted  tubule,  a  spiral  tubule,  a  descending  and  ascending 
limb  of  a  loop  of  Ilenle,  a  zigzag  or  irregular  tubule,  a  second  convoluted 
tuhule.  a  collecting  tubule,  and  finally  a.  discharging  tubule.  The  discharg- 
ing portion,  the  lower  part  of  the  collecting  portion,  and  some  part  or  other 
of  the  loop  of  Ilenleliein  the  me4lullaaud  form  part  of  one  or  other  of  the 
pyraroids.  In  all  the  rest  of  its  course  the  tubule  lies  in  the  cortex  ;  but 
xrom  what  has  been  said  it  is  obvious  that  the  part  of  the  tubule  confined  to 
the  cortex  cannot  be  called,  along  the  whole  length  of  its  course,  a  twisted 
or  contorted  tubule.  The  upper  part  of  the  collecting  tubule,  though  i^Lill 
lying  in  the  cortex,  runs  nearly  straight ;  the  beginning  of  the  descending 
limb  and  the  end  of  the  ascending  limb  of  the  loop  of  Ilenle,  though  lying 
ID  the  cortex,  are  nearly  straight ;  and  even  the  spiral  tubule  is  not  far 
removed  from  being  straight.  So  that  the  cortex  does  not  consist  of  convo- 
luteil  tubules  only,  but  in  part  of  tubules  more  or  less  straight.  These,  how- 
i«ver.  are  not  dispersed  uniformly  among  the  convoluted  tubules,  but  arc 
^thered  into  bundles  which  run  in  a  radial  direction  from  the  bases  of  the 
pyramids  through  the  cortex  toward  the  capsule.  The  bundles,  of  which 
re  Beveraf  to  each  pyramid,  are  called  mcdulUirtj  rays  or  pgramidg  of 
'ViTAA  (the  large  pyramids  of  the  medulla  being  then  dislinguishei)  as  the 
pyramids  of  Malpighii. 

Between  and  surrounding  the  several  medullary  rays  are  masses  of  cortex. 
#eaii  in  radial  sections  as  columns  between  two  adjacent  rays,  consisting  of 

ivoluted  tubules,  both  first  and  second,  of  zigzag  tubules,  and,  as  we  shall 
•ee,  nf  Malpighian  capsules :  all  the  tubules  in  the  column  are  most  distinctly 
twisteii  and  contorteil,  since  the  column  contains  only  the  very  Iwginnings 
of  (he  spiral  tubule  and  the  collecting  tubule.  The  spiral  tubule  beginning 
ia  ihe  column  of  cortex  between   the  medullary  rays  makes  at  once  for  a 
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medullary  ray,  down  which  it  runs  to  become  a  descending:  Hrab  of  the  loop 
of  Heule;  the  asceiuliijg  limb  coming  up  from  the  me^lulla  runs  in  a  medul- 
lary ray  and  only  leaves  it  to  become  a  zigzag  tubule;  and  each  collecting 
tubule  runs  straight  into  a  medullary  ray  and  thence  away  into  the  medulla. 
Hence  each  ray  consista  of  spiral  tubuIcB,  descending  and  ascending  limbs 
(especially  the  latter),  of  the  loops  of  Henle,  and  collecting  tubules. 

Since  each  medullary  ray  receives  spiral  tubules  and  collecting  tubules, 
and  gives  off  zigzag  tuhiiles  at  different  levels  above  the  bases  of  the  pyra- 
mids, it  must  be  Lhicker  below,  where  it  holds  all  the  tubules  which  it  has 
receivcil  or  is  about  to  give  oil',  than  higher  up,  where  it  has  already  given 
off  some  tubules  and  has  not  yet  received  all  the  tubules  which  it  will  receive. 
It  diminishes,  in  fact^jiyramid  fashion  (hence  the  name  nyramid  of  Ferreinn 
toward  the  surface  of  the  kidney  ;  and,  indeed,  just  below  the  capsule  there 
is  a  layer  of  some  little  thickness  consisting  entirely  of  cortical  substance, 
that  is,  of  convnlutcii  tubules^  the  medullary  rays  not  having  as  yet  l>eguu 

It  is  obvious  that  the  upper  part  of  each  pyramid  of  the  medulla  diU'ei*^ 
from  the  lower  part,  in  so  far  us  that  while  the  latter  contains  straight  lubul 
only,  and  thei*e  mostly  discharging  tubules,  the  former  contains,  besides  col 
lecting  and  discharging  tubules,  the  ends  of  the  loops  of  Henle,  which  are 
really  parts  of  the  tubules  in  what  we  have  called  generally  their  twisted  or 
devious  course.  Hence  the  upper  part  of  the  medulla  contiguous  to  the 
cuxtex  is  sometimes  spoken  of  as  the  boundary  zone  or  inlermedlaie  zone, 

S  396.  Having  thus  traced  out  the  devious  and  complex  path  taken  by  a 
tubule  we  must  study  iu  more  detail  the  special  characters  of  the  several 
sections  of  its  course. 

The  Malpighxan  ertpsule.  Each  tubule  begins  as  we  have  said  in  a  globular 
expansion,  having  in  man  a  diameter  of  abuut  200  f,  the  Malpighiau  capsule 
or  end-capsule.     [Fig.  152.]     The  several  capsules  are  disposed  for  the  most 


m 
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part  in  a  series  of  circles  around  the  medullary  rays  along  their  length,  so  that 
m  radial  sections  of  a  kidney  they  are  seen  in  double  radiating  rows  in  the 
columns  of  cortical  substance  between  the  medullary  rays.  Each  capsule  is 
essentially  a  terminal  globular  expansion  of  a  tubule,  and  consists,  like  the 
tubule,  of  a  distinct  and  conspicuous  basement  membrane,  having  the  ordi- 
nary characters  of  a  basement  membrane  (§  211),  lined  by  an  epithelium. 
At  one  pole  of  the  sphere  the  capsule  is  continued  on  into  the  tubule, 
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»ment  membrane  and  lis  epithelium  being  continuoua  with  the  basement 
iBiembraoe  and  the  epithelium  of  the  tubule ;  at  the  junction  of  the  two  there 

B  marked  oonstriction  or  neck.  At  the  opposite  ]>ole  a  short  straight  small 
Aiteiy  (of  whoee  relations  we  will  speak  preaenlly),  vas  afferent,  runi  into 
the  capeule,  driving  before  it  and  inverting  into  the  cavity  of  the  capsule 
the  baaement  membrane  and  epithelium  Homewhat  in  the  way  that  one  might 
tiiruBt  oueV  tist  into  and  8o  invert  at  one  part  the  wall  of  a  Urge  dlslended 
elaftlic  ball.  Immediately  upon  its  cntmnce  into  the  capeule  the  afferent 
srt«ry  divides  into  a  number  of  branches.  Each  branch  further  splits  up 
inlti  a  number  of  capillary  loops,  the  returning  limbs  of  the  several  loops 
ijoining,  without  lateral  anastomoses,  to  form  a  single  vein-like  vessel,  ivm 
tjfcrtn*.  The  whole  lobulated  bunch  of  branching  and  looped  vessels  has 
more  or  less  the  appearance  of  a  knot,  and  is  called  the  ohinervtwi.  The 
exa<;t  mode  of  division,  however,  differs  in  diiferent  aniraalB  and  apparently 
in  diOereut  capsules  iu  the  same  kidney  ;  thus  in  the  capsulea  nearer  the 
medulla  the  glomeruli  are  larger  and  more  subdivided  than  in  thrwe  nearer 
the  surface.  The  vas  effereus  starting  from  about  the  middle  of  the  bunch 
inaes  from  the  ca|>sulc  side  by  side  with  the  vas  aHerens,  the  orifice  formed 
hj  the  inversion  of  the  capsule  being  not  wide  but  narrow  so  aa  just  to  admit 
the  entering  and  issuing  vessels.  Ilence  the  glomerulus  hangs  as  it  were 
into  the  cavity  of  the  capsule  suspended  by  a  narrow  neck  conswting  of  the 
afferent  and  the  eflerent  vessel,  surrounded  bv  the  commencement  of  the 
inverted  portion  of  the  wall  of  the  capsule.  When  the  bloodvessels  are  fully 
distended  with  the  blood  the  glomerulus  fills  the  greater  part  of  the  cavity 
of  the  capsule  :  when  they  are  constricted  and  contain  little  blood,  a  8p)ace 
of  some  site  is  developed  between  the  surface  of  the  glomerulus  and  the 
oppoeite  wall  of  the  capsule. 

The  epithelium  lining  the  wall  of  the  capsule  consists  of  fiat  polygonal 
nucleated  cells  which  have  almost  an  epithelioid  character.  Indeed,  they 
are  seen  with  difficulty  and  are  best  brought  into  view  by  the  silver  nitrate 
method.  These  cells  rest  on  a  basement  membrane  which  as  we  have  said  is 
distinct,  and  in  optical  or  other  section  presents  a  sharp  outline. 

The  basement  membrane  over  the  glomerulus  cannot  be  so  readily  dis- 
ttngutshed.  It  appears  to  be  completely  fused  with  the  wall  of  the  capillary 
loops,  which  like  other  capillaries  consist  of  a  homogeneous  membrane  of 
DQcleated  epithelioid  plates  cemented  together.  The  epithelium  covering  the 
^fflomenilus,  which  follows  the  inequalities  of  the  surface,  forming  a  covering 
TOT  and  dipping  down  between  the  groups  of  the  capillary  loops,  and  hence 
ts  in  close  contact  with  the  bloo<lvessels,  is  said  to  differ  from  the  epithelium 
lining  the  wall  of  the  caftsule  inasmuch  as  the  cells  do  not  chtsely  resemble 
epithelioid  plates,  but  are  flattened  cells,  often  irregular  in  form,  each  with 
m  transparent  or  faintly  granular  cell-substance  and  rounded  nucleus;  they 
Ere  distinctly  cubical  in  the  newborn  animal  but  become  flatter  in  the  adult. 
Thus  each  of  the  capillary  loops  of  the  glomerulus  appears  to  project  into 
the  cavity  of  the  capsule  in  such  a  way  that  the  blood  iu  the  vessel  is  sepa- 
rated from  the  cavity  of  the  capsule  and  so  from  the  lumen  of  the  tubule, 
first  by  a  thin  film  composed  of  the  capillary  wall  (with  which  the  basement 
membrane  of  the  inverted  portion  of  the  capsule  has  hecime  fused),  aud 
next  by  an  epithelium  cell  of  somewhat  peculiar  nature.  As  we  shall  pres* 
eotly  see  some  of  the  problems  concerning  the  secretion  of  urine  turn  on  the 
nature  of  the  processes  carried  out  by  this  film  covered  with  this  epithelium. 

Each  capsule  is  surrounded  by  a  small  quantity  of  connective  tissue  which, 
Tery  scarce  in  the  kidney  generally,  is  more  obviously  here  than  elsewhere. 
A  small  amount  of  connective  tissue  also  surrounds  the  aflerent  and  the 
^flereut  yeasel  of  the  glomerulus,  but  a  minimum  of  this  ti.ssue  is  carried  into 
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the  capsule  with  ibe  gtoinerulua.  Indeed,  the  presence  of  connective  tissue' 
to  form  a  middle  to  or  a  support  of  a  loop  or  even  in  the  depths  of  the 
glomerulus,  cannot  be  definitely  demonstrated.  Hence,  though  we  have 
reason  to  think  that  lymphatics  exist  in  the  tissue  around  the  capeule  as  else- 
where in  the  kidney,  it  has  been  maintained  that  lymphatics  are  absent  in 
the  glomerulus  betweeu  the  bloodvessels.  In  at  all  eveula  the  peripheral 
p*)rtion  of  each  capillary  loop,  covered  as  it  aeeroa  to  he  closely  by  epithelium, 
the  only  exit  of  material  through  the  capillary  wall  leads  direct  through  the 
epithelium  into  the  cavity  of  the  capf^iile. 

The  capsule  is  continued  on  into  a  tubule  by  a  short  constrictetl  portion  or 
neck;  and  here  the  epithelium  suddenly  changes  in  character  and  puts  on 
the  features  which  we  are  now  about  to  describe. 

In  the  first  convoluted  tuMt:  ttie  basement  membrane  is  distinct  and  con- 
Bpicuoua  ;  indeed,  we  may  say  at  once  that  this  distinctness  and  sharpneae  of 
outline  of  the  basement  membrane  holds  goi)d  f.ir  the  whole  length  of  the 
Uibuliui  urinifertis  until  we  reach  the  discharging  tubules  in  the  medulla; 
and  here  the  basement  membrane  is  lost  to  view,  simply  because  it  becomes 
iiised  with  the  connective-tissue  groundwork  or  stroma,  which  is  especially 
well  developed  in  the  lower  part  of  a  pyramid.  KIsewhere  the  basement 
membrane  may  eaaily  be  recognized  as  an  independent  membrane. 
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tlie  medollAry  ray)  nAirow.] 


The  epithelium  of  the  first  convoluted  tubule  [Fig.  153]  has  the  following 
characters.  The  outlines  of  the  cells  are  very  indistinct,  ao  that  not  infre- 
quently the  tubule  seems  tu  be  lined  by  a  layer  of  cell-substance  in  which 
rounded  nuclei  are  imbedded  at  intervals.  When  the  outlines  are  made  out 
it  is  seen  that  each  cell,  which  has  a  rounded  nucleus  placed  at  about  ita 
middle,  is  more  or  le^is  cubical,  sometimes  of  such  a  height  as  to  leave  a  nar- 
row, sometimes  so  low  as  to  leave  a  fairly  wide  lumen.     The  outer  |>ortiou  of 
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the  cell  next  to  the  baaemeDt  membrane  is  in  many  specimens  striated  radi- 
ally ;  the  appearaDce  suggests  that  the  cell-8ul)staoce  is  here  composed  of 
prisms  or  roA»  stretching  rwiially  from  the  basement  membrane  to  or  beyond 
the  region  of  the  nucleus  and  united  together  by  some  substance  of  a  difter- 
ent  nature  :  but  iu  many  good  snecimens  such  a  striation  may  be  absent  or 
indistinct.  The  inner  portion  ot  the  cell,  next  to  the  lumen,  is  of  a  more 
ordinary  granular  appearance,  but  the  free  border  is  frequently  jagged,  bear- 
ing irregular  processes  projecting  into  the  lumen,  and  having  somewhat  the 
ap^rearAnce  of  broken  cilia,  though  they  are  not  of  the  nature  of  cilia.  In 
th^  frog  and  some  other  animals  the  first  portion  of  the  urinary  tubule  bears 
long,  active  cilia  ;  but,  as  we  shall  see,  this  ciliate<l  portion  corresponds  to  the 
•hort  constricted  neck  of  the  tubule  in  the  mammal,  and  is  succeeded  by  a 
iMQ*ciIiated  portion  which  corresponds  to  the  portion  which  we  are  now 
deecribing.  The  whole  cell  stains  readily  and  deeply  with  the  ordinary  stain- 
ixkg  reagents.  It  may  contain  fat  globules  arranged  in  n)W8,  leaving  spaces 
or  vacuoles  when  the  fat  is  removed  ;  sometimes  these  are  very  numerous. 
The  appearances  in  fact  presented  by  the  cells  in  this  first  part  of  the  tubule 
differ  very  much  in  different  specimens;  but  we  have  at  present  no  exact 
knowledge  which  will  enable  us  to  correlate  any  of  these  differences  to 
functional  activity. 

The  apiral  tubule,  which  is  as  wide  as  or  even  wider  than  the  convoluted 
tubule,  possesses  a  wide  and  regular  lumen.  The  cells  which  line  the  tubule 
have  much  the  same  character  as  in  the  convoluted,  but  are  lower  and  more 
regular  in  form,  hence  the  wider  and  more  regular  lumen;  their  striation 
mXso  is  less  distinct  and  may  be  absent.  The  rounded  nuclei  uf  the  cells  are 
rery  conspicuous. 

The  deieending  limb  of  the  loop  of  Henh  into  which,  as  it  passes  down  the 
medullarv  ray,  the  spiral  tubule  suddenly  changes,  is  very  unlike  all  the  rest 
of  the  tubule,  and  presents  special  features  which  call  to  mind  those  of  a 
ductule  of  a  salivary  or  pancreatic  alveolus.  It  is  very  narrow.  10  to  15  t*^ 
and  the  cells  which  line  it  are  somewhat  oval  cells  placed  lengthwise,  each 
with  an  oval  nucleus  also  placed  lengthwise,  and  a  clear  cell-substance  which 
wi  thicker  round  the  nucleus  than  elsewhere.  In  a  Iongitu<]inal  section  of 
ibe  tubule,  optical  or  other,  the  cell  appears  spindle-shaped  with  the  part 
round  the  nucleus  projecting  into  the  lumen ;  the  projections  thus  formed  on 
rtne  side  of  the  tubule  alternnte  with  those  on  the  other  side  so  that  the  lumen 
winds  in  a  wavy  course  between  the  projections.  A  transverse  i^ection  shows 
corresponding  bulginga  of  the  celU  into  the  lumen.  Hence  this  part  of  a 
tubule  is  not  wholly  unlike  a  capillary,  but  may  be  distinguished  by  being 
somewhat  larger,  by  having  a  basement  membrane  distinct  from  the  cells, 
and  by  the  cells,  though  clear  in  comparison  with  other  parts  of  the  tubule, 
being  not  so  transparent  as  and  staining  more  readily  than  the  epithelioid 
plates  of  a  capillary. 

The  it*ca^ding  limb  over  the  greater  |Mirt  of  its  coarse  presents  very  differ- 
ent characters,  the  exact  point  at  which  the  change  takes  place  varying,  as 
we  have  said,  a  good  deal.  The  tubule  is  now  wider,  30  z^.  but  not  so  wide  as 
the  convoluted  tubule.  The  cells,  which  leave  a  narrow  but  regular  lumen, 
▼ary  a  gooil  deal  in  form  but  are  composed  of  cell-substance  which  always 
•taiiw  deeply,  and  which  in  its  outer  part  is  frequently  striated.  Very  com- 
inonly  the  cells  as  seen  in  a  longitudinal  section  of  the  tubule  overlap  each 
oth^r  so  as  to  present  an  imbricated  ihatche<l  appearance ;  the  nuclei  are 
usual  iy  oval. 

The  irregular  or  tigtag  tubule,  in  which  the  ascending  limb,  running  up 
the  medullary  ray  and  leaving  the  ray  at  one  or  other  level  to  plunge  into 
the  ourtez.  ends,  is  a  wide  tubule  which  takes  a  course  bending  on  itself  sev- 
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eral  times  at  somewhat  sharp  angles.      The  cells  are  irregular  in  form,  with 
nuclei  which  also  appear  to  he  irregular,  stain  very  deeply  with  the  Btaining 
reagents,  and  are  often  conspicuously  atriate<l  in  their  outer  part;  the  lumea 
i^  very  irregular.     This  part  of  the  tubule  may  perhaps  be  considered  asaoj 
enlarged  ascending  limb  with  exaggerated  features. 

The  second  convoluted  tubule  bc»  exactly  repeat*  the  features  of  the  first 
convoluted  tubule,  that  the  description  given  for  that  may  be  applied  to  thia-i 

Th^  colltctinfi  ^ifAu/^,  in  which  the  second  convoluted  tubule  making  \xm\ 
way  once  more  to  the  medullary  ruy  ends,  is  a  narrow  tubule  with  a  rela-j 
lively  wide  lumen.  The  cells  which  line  it  are  low  short  cubical  cells,  withj 
small  rounded  nuclei  and  clear  transparent  cell-eubstaDce.  They  stain  mucbj 
lees  readily  than  the  cells  in  any  of  the  preceding  parts  of  the  tubule,  evenJ 
in  the  descending  limb,  and  hence  in  properly  stained  specimens  can  be  easily] 
difltiuguiabed.  I 

The  disefuirffinff  tubide,  in  which  the  collecting  tubule   passing  straigbtj 
down  into  the  pyramid  ends  after  several  juDctions  with  it^  fellows,  has  much 
the  same  chftrncters  as  the  collecting  tubule,  save  that  it  becomes  increasingly 
larger,  and  the  celli^  lining  it  are  taller  and  more  culumnar. 

At  the  mouth  of  the  ultimate  diflchargiug  tubules  as  they  open  on  ihe 
papilla  of  a  pyramid,  the  single  layer  of  columnar  or  cubical  cells  linine.. 
the  tubule  becomes  continuous  with  the  epithelium  coating  the  pafiilla  :  ana^ 
this,  like  the  epithcltum  lining  the  calyces,  pelvis,  and  ureter,  consists  of  two 
or  three  layers  of  cells  of  whose  characters  we  shall  speak  later  on. 

§  397.  Bearing  in  m'wd  what  we  have  previously  learned  conceruiugi 
secreting  epithelium  in  other  glands,  it  is  obvious  that  the  cells  of  the  con- 
voluted and  irregular  tubules  are  cells  which  e^chibit  to  an  eminent  degree 
the  characters  of  active  secreting  ceils.  The  sanw  may  be  said,  though  less 
emphatically,  of  the  cells  of  the  spiral  tubule  and  of  the  ascending  limb  o^ 
the  loop  of  Henle.  The  cells  of  the  collecting  aud  discharging  tubules,  on 
the  other  hand,  possess  those  characters  which  we  associate  with  cells  lining 
the  conducting  portions  of  a  gland  ;  but  in  saying  this  we  may  repeat  the 
caution,  ji  240,  that  we  must  not  assume  that  the  cells  in  such  a  sitnatiou  do 
nothing  else  than  atford  a  smooth  lining  far  the  passage  of  material  secreted 
elsewhere. 

The  cells  of  the  descending  limb  of  the  loop  of  Henle  are  peculiar:  they 
are  certainly  conducting  rather  than  secreting  cells;  but  the  meaning  of 
this  remarkable  loop  of  Henle  is  at  present  obscure.  Its  presence  in  tlie 
mamiualian  kidney  is  in  part,  but  only  in  part,  explained  by  the  characters 
of  the  urinary  tubule  in  the  lower  animals.  In  the  frog,  uewt,  and  other 
amphibia  the  tubule  begins  as  in  the  mammal,  in  a  Malpighiau  capsule,  and 
the  first  part  of  the  tubule  succeeding  the  Malpighian  capsule  is  lined  by 
clear  cells,  leaving  a  narrow  lumen,  into  which  project  from  the  cells  re- 
markably long  cilia  directed  downward,  aud  moving,  in  the  living  kidney, 
with  an  undulatory  movement.  This  first  part  is  obviously  a  conducting 
part,  and  is  represented  in  the  niHrnm»linn  kidney  by  nothing  more  than 
the  constricte<]  neck  which  joins  the  capsule  to  the  convoluted  tubule;  we 
may  3j»eak  of  it  as  the  first  conducting  portion.  The  succeeding  part  is  a 
wider  tube  lined  by  cells  which  bear  no  cilia,  but  whose  free  border  is  beset 
by  short,  rigi<l,  narrow  processes,  like  short  bristles.  This  is  obviously  A 
secretiug  portion,  and  we  may  speak  of  it  as  the  flrst  secreting  prrrtion  ;  it 
correflpoDQs  to  the  first  convoluted  and  the  spiral  tubule  of  the  mammalian 
kidney,  though  the  cell-suhstance  is  not  striated  as  in  the  mammal.  There 
next  follows  a  section  in  which  the  tubule  is  of  much  narrower  diameter, 
and  the  cells,  formed  of  clear  cell-substance,  again  bear  long  cilia,  consti- 
tuting a  second  cooductiDg  portion.     This  second  condurting  ciliated  per- 
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1  turn  aucceede<l  by  a  divisiou  of  much  larger  (diameter,  id  which 
tbe  cells  are  mc^t  (listinctly  striated  and  otherwise  re^embte  the  cellg  of  the 
OODVoluted  tubules  of  the  luanmialian  kidney,  thus  cuiiHtituliug  the  second 
MCreting  portion.  The  succeeding  portions  of  the  tubule  have  the  character 
of  conducting  tubules,  and  join  their  fellows  to  fall  ultimately  iuto  the 
ureter.  Obviously  the  second  secreting  portion  is  represented  in  the  mammal 
by  the  second  convolute<t  tubule,  the  zigzag  tubule,  and  the  ascending  limb 
of  Henle^  IrM^p,  while  the  descending 

limb  of  Henle's  loop  corresponds  to  (Pw.  iw. 

tbeseoood  conducting  ciliated  portion  ^ 

of  the  amphibian  tubule;    the  cilia,         ^ —  _^^-» 

however,  have  entirely  disappeared],  ^  y^^ 

and  the  likeness  is  contined  to  the  nar-  x.    ©J 

rovrneeB  of  the  whole  tubule  and  the  ^^^""^Lt- 

abMDc^of  secreting  characters  in  tl)e  /    t 

c«11a.     Why,  however,  the  kidney 
the  lower  animal  (lOBaesaes  thi 
plication  of  secreting  and  condui 
p«>rtions,  and  why  remains    an< 
aiaiofl  only  of  the  reiluplication 
thus  lie  preeerve<l  in  the  mammalian 
kidney  has  not  yet  been  satisfactorily 
explained. 

^  398.  The  vascular  arrangements 
of  the  kidney  deserve  special  atten- 
tion. The  renal  artery  approaching 
the  kidney  at  the  hilus  divides  into 
brancbes,  which,  slipping  round  the 

r^lvis,  enter  iuto  the  substance  of  the 
idney  at  the  angles  formed  by  the 
branching  of  the  pelvis  into  calyces, 
and  therefore  between  the  pyramids. 
Ronning  radially  between  the  pyra- 
mids the  brunches,  reaching  the 
boundary  between  cortex  and  me- 
dulla, divide  and,  spreading  laterally. 
form  at  the  bases  of  the  pyramids 
ftrches  more  or  leas  concentric  with 
the  bilus.  From  these  arches  [Fig, 
154],  which  anastomose  to  a  certain 
extent  with  other,  vessels  proceed  on 
tbe  one  hand  to  the  i^jrtex  and  on 
the  other  to  the  medulla. 

To  the  cortex  are  given  off  rela- 
tively large  arteries  which  run  in  a 
radial  direction  toward  the  surface 
iu  the  n)asses  of  cortex  between  the 
medullary  rays.  From  each  of  thei^e 
istUr-hbuhr  or  rndiale arteries,  as  they 
are  called,  short  relatively  thick 
branches  are  given  off  at  intervals 
on  all  sidea;  these  taking  a  course  somewhat  curved,  with  the  convexity 
directed  toward  the  surface  of  the  kidney,  end,  without  branching,  in 
Malpighian  ca|)5ules;  they  are  the  afferent  vessels  spoken  of  previously. 
Other  brauches  of  the  same  radiate  arteries  break  up  into  capillaries  sur* 


VAi<cuu(it  Sditlv  or  Kn»(iY.  (Cadut.) 
a,  part  of  arterial  nrcb  ;  6.  lutor-IobiitKr  iirt«i7*; 
r,  glntnerulii«  i  ft,  eflerent  veaael  pAwlng  to  loe- 
•lulla  u  fiilse  artcrifie  recUv  :  e,  c«|illUr1e«  of  cor- 
tex;/, capllUries  of  tnettullA;  <;,  veDoiiH  arob  :  A, 
4tralirht  Tclus  or  medului:  j,  vena  stvlUilA:  i.  lu- 
ter-Iobalu'  vela] 
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rouuding  the  tubules,  this  being  especially  the  case  near  the  surface  or 
the  kidney.  The  efferent  vessels  from  the  Malpighian  capsules  also  break 
up  intt)  a  capillary  network  which,  embracing  the  tubules,  becomes  cou- 
tinuuns  with  the  other  network,  the  meshes  being  rounded  or  polygonal  in 
the  cortical  substance,  but  more  elctngated  radially  in  the  medullary  rays. 
The  bloodsuppiy  here  repeats  on  a  small  scale  the  portal  system  of  the 
liver,  since  a  vessel  formed  by  union  of  capillaries  breaks  up  in  capillaries 
once  more. 

From  the  same  arterial  arches  at  the  boundary  of  the  cortex  and  medulla 
branches  are  also  given  oH'  to  the  medulla,  that  is  to  say,  to  the  pyramids. 
These  running  in  a  straight  or  rather  radial  direction  down  the  pyramids, 
fis  arteri(t  rcrttE,  but  soon  breaking  up  into  bundles  of  smaller  vessels  also 
running  ra<tially,  supply  all  the  medullary  substance  of  the  pyramids  with 
blood,  forming  capillary  networks  with  meshes  elongated  radially. 

From  the  capillarie«  of  the  pyramids  veins  are  gathered  up.  and  these 
running  radially  u[)ward  fall  into  venous  arches,  which,  like  to  and  even 
belter  developed  than  the  arterial  arches,  are  placed  at  the  boundary  be- 
tween the  cortex  and  medulla.  Following  reversely  the  e<mr»e  of  the 
arteries  these  venous  arches,  forming  more  numerous  anastomoses  than  do 
the  arteries,  fall  into  veins  which^  running  radially  between  the  pyramids, 
join  together  over  the  pelvis  of  the  kidney  and  form  eventually  the  renal 
vein ;  this,  running  in  company  with  the  renal  artery,  falls  into  the  vena 
cava  inferior. 

From  the  capiUaries  of  the  cortex,  including  the  medullary  rays,  the 
blood,  some  of  which,  as  we  have  seen,  has  passed  through  the  glomeruli  of 
the  Malpighian  capsules,  but  some  of  which  has  not,  is  gathered  up  into 
radiate  veins,  which,  running  radially  inward  to  the  boundary  zone,  fall  into 
the  venous  arches  spoken  of  above.  At  the  surface  of  the  cortex  the  small 
veins  are  apt  to  be  arranged  in  a  somewhat  star-shape  fashion,  and  are 
spoken  of  as  ven^  steUatte, 

Relatively  to  the  bulk  of  the  kidney  the  renal  artery  has  large  dimensions. 
Coming  ott'  directly  from  the  aorta,  where  the  blood-pressure  is  very  high, 
and  being  comparatively  short,  it  atlbrds  favorable  conditions  for  an  ample 
8up|)ly  of  blood  to  the  organ,  the  conditions  being  made  still  more  favorable 
by  the  low  pressure  existing  in  the  vena  cava  inferior.  And,  as  a  matter  of 
fact,  the  blood-supply,  to  the  kidney  is  very  large.  That  hlood  is  carried,  as 
we  have  seen,  in  the  first  instance,  almost  straight  to  the  boundary  of  cortex 
and  medulla,  and  is  distributed  from  that  region.  Hence  it  results  that  the 
blood-supply  of  the  pyrnraids,  consitJting  chiefly  of  conducting  tubules,  is  to 
a  very  large  extent  distinct  from  that  of  the  cort€X,  where  the  tubules  are 
chiefly  .■secreting  tubules. 

We  may  repeat  that  for  its  size  the  kidney  is  most  abundantly  supplied 
with  blood.  In  sections  of  burdened  and  prepared  kidneys  the  arteries, 
capillaries,  and  to  a  large  extent  the  veins  are  emptied  of  their  blooil,  and 
the  capillaries  collapsed.  Ileuce.  judging  by  such  specimens  alone,  the 
kidney  appears  to  be  made  up  almost  of  tubules  alone;  but  it  must  he 
h*nne  in  mind  that  during  life  every  tubule  is  netted  round  with  fairly 
close-set  capillaries  which  always  are  more  or  less  filled  with  blow!,  and  at 
times  largely  distended  with  blood.  As  we  shall  see  later  on,  the  kidney  by 
mere  decrease  or  increase  of  the  hlood  flowing  through  it  may  vary  very 
widely  in  volume. 

$  399.  The  connective  tisane  which  binds  tngether  the  tubules  and  blood- 
vessels is  exceedingly  scanty.  Some  small  amount  enters  with  the  blood- 
vessels, and  is  continued  on  along  their  larger  branches,  but  in  the  cortex 
the  "stroma"  consists  of  hardly  more  than  the  basement  membrauee  of  the 
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tubales  with  a  few  connective-tissue  corpiiBcles  imbedded  in  a  scaoty  homo- 
geneoufl  not  fibriMatcd  matrix  lying  between  them  ;  arnund  the  capsule-s  this 
atroma  is  rather  more  abuDdant  thau  elsewhere,  uud  here  is  sometimes 
fibrillat«d.  In  the  pyramids*  especially  at  their  Inwcr  parts,  a  larger 
amount  of  a  similar  homogeneous  matrix,  containing  connective-tissue  cor- 
pnacles,  is  found  beLween  the  tubules;  and  since  here  the  basement  mem- 
orane  of  the  tubule  is  fused  with  its  stroma,  the  tubule  appears  as  a 
tubular  cavity  hollowe<l  out  of  the  matrix  or  stroma  and  lined  with 
epithelium. 

The  whole  kidney  is  surrounded  by  a  capsule,  consisting  of  ordinary 
connective  ti)«ue,  and  continuous  at  the  hilus  with  the  connective  tissue 
forming  the  outer  walls  of  the  pelvis  and  ureter.  This  capsule  may  after 
death  be  peeled  olT,  and  slender  processes  of  connective  tissue,  with  some 
bloodvessels  passing  from  the  capsule  into  the  cortex,  are  then  disclosed. 

In  the  scanty  stroma  are  numerous  lymph-spaces,  the  lymph  from  these 
b^og  collected  into  lymphatic  vessels  which  in  part  leave  the  kidney  by  the 
hilos  leather  with  the  bloodvessela,  and  in  part  run  in  the  capsule  and 
leave  the  ktduev  on  its  convex  surface.  The  capsule  is  described  as  sep- 
arable into  two  layers,  and  the  lymphatic  vessels  run  chiefly  between  these 
layers. 

^  400.  As  the  renal  artery  passes  to  the  kidney  it  is  invested  by  a  number 
of  (twenty  or  leas,  in  the  dog  a  doren  or  more)  nerves,  arranged  in  a  plexus, 
the  rrtiai  pUxiit.  The  nerves  are  composed  partly  of  raedullated  fibres  of 
very  different  sizes  and  partly  of  non-modullatcd  fibres;  numerous  small 
gaaglia,  differing,  however,  very  rauch  in  size,  are  scattered  over  the 
pl«Kaa. 

The  nerves  thus  forming  the  renal  plexus  come  chiefly  from  the  great 
lolar  plexus,  and  appear  to  be  more  immediately  connected  with  the  part  of 
that  plexus  which  is  called  the  semilunar  ganglion.  The  plexus  is,  there- 
fore, indirectly  connected   with    the   nerves  entering  into  the  solar  plexus, 

loh  as  the  right  vagus  an<l  the  abdominal  splanchnic  nerves,  great  and 
11.  Besides  this  the  splanchnic  nerves  appear  to  send  filaments  directly 
to  the  renal  plexus;  filaments  have  also  been  traced  to  the  left  kidney  from 
the  left  vagus  (which  docs  not  join  the  solar  plexus),  and  it  is  contended 
that  filaments  from  the  right  vagus  also  make  their  way  direct  to  the  right 
ki<lney  without  distinctly  communicating  with  the  solar  plexus. 

As  we  shall  see  there  is  experimental  evidence  that,  in  the  dog,  nerve 
fibres  from  the  anterior  roots  of  the  eleventh,  twelfth,  and  thirteenth  dorsal 

linal  nerves  and  even  a  few  fibres  from  still  lower  nerves  fin<l  their  wav  to 
\t  renal  plexus  and  so  to  the  kidney.  These  make  their  way  from  the 
laTmpathetic  chain,  into  which  they  first  pa^  either  by  joining  the  splanchnic 
l1i«rTe«  low  down,  or  by  a  more  direct  course,  to  the  solar  plexus,  and  thence 
to  the  renal  plexus. 

Nothing  very  definite  is  known  of  the  termination  of  the  renal  nerves 
ithiu   the  kidney.     Some   of  them,  and   considering  how  vascular  is  the 

loev.  probably  a  large  number,  end  in  (he  bloodvessels;  but  some  of  them 
R  (jave  <ilher  endings.  We  have,  however,  no  evidence  that  any  of  them 
oonoected  with  the  epithelium  of  the  tubules.  Since  under  abnormal 
ciretnnstances  aflcrent  impulses  suflicient  to  give  rise  to  very  great  pain  may 
pass  up  to  the  central  nervous  system  from  the  kidney,  at  least  from  the 
pelvis  uf  the  kidney,  some  of  the  fibres  of  the  renal  nerves  are  afferent 
fiKrfts;  and  some  of  the  medullated  6bres  are  probably  of  this  nature. 
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The  CoMPoemoy  and  Characters  of  Urine. 


$  401.  These  are  so  fully  dwelt  upon  in  special  works  that  we  may  oonfiue 
ourselves  here  to  salient  points.  The  healthy  uriueof  mania  a  clear  yelluwish 
slightly  fluorescent  fluiil  uf  a  pec\iliar  odor,  saline  taste,  and  acid  reaction, 
having  a  mean  ppeeific  gravity  of  1020,  and  generally  holding  in  suspension 
a  little  mucus.  The  mucus,  when  present,  cornea  from  the  urinary  passages, 
as  do  also  the  occasional  epithelial  cells.  All  the  rest  of  the  urine  may  be 
considered  as  the  aecretiou  of  the  kidney. 

The  urine  as  we  have  said  is  the  chief  channel  by  which  solid  matters 
leave  the  body,  a  small  quantity  only  passing  by  the  skin  and  practically 
none  by  the  luugs.  Hence,  neglecting  for  the  present  the  skin,  we  may  say 
that  all  the  substances  taken  into  the  body  sooner  or  later  le4ive  the  bu<ty  by 
the  urine,  save  the  few  substances  which  may  be  retained  permanently  within 
the  body  and  the  substances  which  make  up  the  body  at  the  moment  of  its 
death.  We  accordingly  tind  that  the  urine  contains  a  large  number  of  sub- 
stances, the  exact  amount  of  each  substance  present  in  a  given  Quantity  of 
urine  varying,  in  the  case  of  every  substance  somewhat,  and  in  the  cases  <tf 
many  substances  very  largely,  from  time  to  time.  The  composition  of  urine 
is  not  only  complex  but  extremely  variable. 

Moreover  a  little  consideration  will  show  that  the  several  substances 
present  in  urine  must  have  very  Hiflerent  histories.  Some  of  the  con- 
stituents of  urine  appear  in  it  in  the  exact  form  in  which  they  were  intro- 
duced into  the  mouth  ;  they  have  been  simply  absorbed  from  the  alimentary 
canal  into  the  blood  aud  excretetl  by  the  kidney  without  undergoing  change ; 
they  are  derived  directly  and  without  change  from  the  food. 

Others  again  are  the  products  of  changes  which  the  Jood  has  undergone  in 
the  body;  and  these  changes  may  be  slight  or  may  be  extensive,  and  may 
take  place  on  the  one  baud  in  the  alimentary  canal,  or  during  a  brief  transit 
of  the  substance  in  tht^  l)loi>d-BLreain,  or  even  in  the  urine  itself,  may  so  to 
epeak  be  superHcial ;  nr  on  the  other  hand  may  take  place  in  the  very  depths 
of  the  tissues  and  be  closely  associated  with  the  very  life  of  the  tiasues.  We 
shall,  however,  have  to  return  to  these  matters  later  on,  and  may  here  briefly 
consider  what  substances  are,  normally  and  abnormally,  present  in  urine,  and 
the  chief  features  of  the  fluid  itself. 

$402.  Besides  ynter,  the  constituents  of  urine  are  : 

yUrogenous  crystaUine  bodies.  Neglecting  the  small  jjroportiou  of  these 
bodies  which,  especially  in  the  case  of  flesh  eaters,  are  introduced  into  the 
economy  with  the  food,  as  kreatin  and  the  like,  and  so  pass  into  the  urine 
with  no  or  with  c<uuparatively  little  change,  we  may  on  the  whole  regard  the 
substances  of  this  class  as  the  products  of  the  changes  which  the  proteid 
matters  (and  allied  substances  euch  as  gelatin  and  the  like)  present  in  food 
have  undergone  either  while  the  food  was  simply  fiKtd.  still  in  the  alimentary 
canal  for  instance,  or  after  the  food  had  been  built  up  into  the  tissues  of  the 
body. 

Of  these  by  fai  the  most  important,  in  the  urine  of  man  and  mammalia, 
is  the  body  urea  (N,H,CO).  It  is  the  chief  form  in  which,  in  these  animals, 
nitrogen  leaves  the  body.  We  shall  have  to  discus  the  relations  and  forma- 
tion of  urea  later  on,  but  meanwhile  we  will  simply  state  that  it  has  remark- 
able double  connections  with  two  great  groups.  On  the  one  hand  it  is 
related  to  the  ammonia  group,  and  by  hydration  is  readily  converted  into 
ftmmonium  carbonate  (N.H^CO  -f  211.0  =  ( NH,),COs).  On  the  other  hand 
it  is  related  to  the  great  cyanogen  group,  ammonium  cyanate  and  urea  being 
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I  the 


meric,  and  the  former  by  simple  heating  being  converted  into  the  latter 
NH..CNO  =  N,H.CO). 

Thuugh  a  base,  forming  salu  with  acids,  such  as  nitrates,  oxalates,  etc., 
urea  occurs  in  urine  in  a  free  and  independent  condition. 

Closely  allied  to  urea,  occurring  apparently  as  a  bye-product  of  the  same 

line  of  metaholisni,  is  wn'r  acid  (C^H^X/J,),  which  is  found  always  in  the 

rine  of  man,  occurring  in  small  but  variable  quantity.     In  the  urine  of 

iKme  animals,  such  at^  birds  and  reptiles,  it  occurs  in  abundance,  and  indeed 

in  these  replaces  urea  as  the  chief  nitrogenous  excretion.     Uric  acid  ia  a 

more  complex  body  than  urea,  one  molecule  of  uric  acid  splitting  up,  under 

the  influence  of  certain  reagents,  into  two  molecules  of  urea  and  a  com- 

uod  of  oxalic  acid.     Its  decomposition  products,  however,  under  different 

gentA,  are  very  numerous  and  complex,  though  urea  occurs  among  them 

uentiy  and  characteristically.     Urtc  acid  may  be  synthetically  pi^uoed 

<KJt  of  urea  and  glycin  (glycocol). 

It  is  a  weak  dibasic  acid,  and  occurs  iu  normal  human  urine,  not  as  a  free 
acid  hut  aa  an  acid  salt,  being  combined  with  potassium  and  sodium,  and  to 
ieoa  extent  with  calcium  and  ammonium.  lu  quite  normal  urine  these 
tM  are  soluble  in  the  urine,  even  after  the  fluid  has  cooled  down  to  the 
ordinary  temperature  of  tlie  air:  but  not  infrequently  the  urates,  soluble  in 
iht  urine  at  the  temperature  at  which  it  leaves  the  body,  are  precipitated 
when  the  fluid  cools,  forming  the  well-known  **  deposit  of  urates."  On 
rther  standing  the  salts  are  apt  to  be  decomposed  and  thus  to  give  rise  to 
crystals  of  uric  acid. 

Besides  urea  and  uric  acid  the  urine  contains  small  but  variable  quantities 
of  more  or  lees  nearly  allied  bodies  such  as  kreatinin,  xanthin,  hypoxanthin, 
luid  guanin.  Concerning  these  we  will  at  present  only  say  that  kreatinin  is 
hydrated  form  of  the  body  kreatin  which  we  spoke  of  (§  62)  as  a  constituent 
f  tuuscles.  Kreatin  by  hydration  is  readily  converted  into  kreatinin,  and 
kreatinin  by  dehydration  into  kreatiu  ;  kreatin  introduced  into  the  alimentary 
canal  or  into  the  blood  appears  in  the  urine  as  kreatinin  ;  and  in  flesh  eaters 
me  at  least  of  the  kreatinin  of  the  urine  is  derived  directly  from  the  kreatiu 
praent  in  the  meat  eaten  as  food  ;  but  we  shall  discuss  the  subject  of  kreatin 
later  on. 

Besides  the  above,  such  bodies  as  ]eucin,taurin,  cystin.allantoin,  and  am- 
VMminm  oxalurate  are  occasionally  found  in  urine,  but  cannot  be  regarded  as 
OMtatituents  of  normal  urine. 

lu  the  uriue  of  man  hippuric  acid  appears  to  be  always  present  in  small 
4uaniitiefi,  and  in  (he  urine  of  herbivora  occurs  in  large  quantities.  In  these 
latter  it  is  derived  more  or  less  directly,  by  changes  of  which  we  shall  have 
to  apeak  in  a  succeeding  chapter,  from  constituents  of  the  food-containing 
bodies  belonging  to  the  aromatic  group  (benzoic  acid  series) ;  but  the  small 
quantity  present  in  man  and  other  carnivora  appears  to  come  from  the 
zuetabolism  of  proteid  matter  which,  as  we  have  already  seen,  contains  an 
aruniatic  constituent.  Another  member  of  the  aromatic  group,  tyrosin,  is 
occaiuiDally  present  in  urine  ;  and  as  more  regular  constituents  of  normal 
Drine  may  be  mentioned  certain  phenol  conip(»unds,  such  as  pheulysulphuric 
•eld,  the  phenol  constituents  of  which  are  derived  from  the  action  of  micro- 
organisms in  the  alimentary  canal,  see  ^  253;  these  substances  though  they 
no  banger  contain  nitrogen,  take  origin  from  bodies  of  the  aromatic  series. 
Similar  changes  are  also  the  source  of  indigo  compounds  (indican)  in  the 
urine,  derived  from  indol,  see  §  249. 

5  403.  Inoryaiiir  KalU.  These  for  the  most  part  exist  in  urine  in  natural 
■olutioa,  the  composition  of  the  a»h  almost  exactly  corresponding  with  the 
iwnlts  of  the  direct  analysis  of  the  fluid  ;  in  this  respect  urine  contrasts 
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forcibly  with  blood,  the  ash  of  which  is  largely  compoeed  of  iuorjjiaDic  f^ub- 
stances,  which  previous  to  the  inciuerati<iu  existed  in  peculiar  combinatioD 
with  proteid  aud  other  complex  bodies.  Id  the  ash  of  urine  there  is  rather 
more  sulphur  than  correepoDds  to  the  sulphuric  acid  directly  determined ; 
this  indicates  the  existence  in  urine  of  some  dulpbur-holding  complex  bodv. 
And  there  are  traces  of  iron,  pointing  to  some  similar  iron-holding  sub- 
stance. But  otherwise,  all  the  substances  found  in  the  ash  exist  aa  salts  in 
the  natural  fluid. 

The  chief  Jiases  are  sodium,  pocnssium,  calcium  and  magnesium  in  the 
form  of  chlorides,  phosphates  and  sulphates.  The  exact  way  in  which  the 
several  bases  and  acids  are  combiueii  is  to  some  extent  a  matter  of  uncer- 
tainty ;  but  sodium  chloride  is  certainly  predeut  aud  in  couditierable  quan- 
tity; it  is  the  most  abundant  aud  important  inorganic  conatitueuL  A  large 
portion  of  the  phosphoric  acid  seems  to  exist  as  acid  sotlium  phosphate,  the 
rest  as  soluble  calcium  and  magnesium  phosphates.  The  remaining  chief 
sails,  occurring,  however,  in  smaller  quantity,  are  potassium  aud  sodium  sul- 
phate, and  calcium  chloride. 

Ammonia  occurs  in  small  quantity,  alkaline  carbonates  are  frequently 
found,  traces  of  nitrates  arc  at  all  events  occasionally  present,  as  also  indi- 
cations of  salicylates  and  of  sulpbo  cyanates. 

The  phosphates  are  derived  partly  from  the  phosphates  taken  as  such  in 
food,  partly  from  the  phosphorus  or  phosphates  peculiarly  associated  with 
the  proteids,  and  partly  from  the  phosphorus  of  certain  complex  fats  such 
AH  lecithin.  When  urine  becomes  ulkuliue  (aud,  as  we  shall  presently  see, 
it  may  do  so  by  changes  taking  place  in  itself)  the  calcic  aud  magnesic 
phosphates  are  converted  into  basic  salts  which,  being  insoluble,  are  pre- 
cipitated, the  sodium  phosphate  remaining  in  solution.  When  the  alka- 
linity, as  is  frequently  the  case,  is  due  to  ammonia,  ammonio-uiHgnesium 
phosphate  is  formed  and  is  apt  to  appear  in  crystals.  The  sulphates  are 
derived  partly  from  the  sulphates  taken  as  such  in  food  and  partly  from  the 
sulphur  uf  the  proteids.  The  carbonates,  when  occurring  in  large  quantity, 
generally  have  their  origin  in  the  oxidation  of  such  salts  as  citrates,  tartrates, 
etc.  The  bases  present  de[3end  largely  on  the  nature  of  the  food  taken.  Thus 
with  a  vegetable  diet,  the  excess  of  the  alkalies  in  the  food  reappears  in  the 
urine  ;  with  an  animal  diet,  the  earthy  bases  in  asimilar  way  come  to  the  front. 

$404.  Non-niirogenou8 bodies.  These  exist  in  very  small  quantities,  and 
many  of  them  are  probably  of  uncertain  occurrence.  Some  of  these  are 
organic  acids,  the  uio^t  constant  perha[)S  being  oxalic  acid;  to  this  maybe 
added  glycerin-[»ho8phoric,  lactic,  formic,  acetic,  butyric  and  possibly  suc- 
cinic acids.  loo^it  has  also  been  said  to  occur  normally.  It  has  been  main- 
tained that  minute  quantities  of  sugar  (dextrose)  are  invariably  present  in 
even  healthy  urine  ;  this,  however,  has  not  as  yet  been  placed  beyond  all 
doubt.  The  nature  of  the  substances  which  give  to  urine  its  characteristic 
odor  has  not  been  made  nut ;  probably  there  are  more  such  Itodies  than  one. 

§  40fi.  Pif/ment^,  Urine  is  always  colored,  the  tint  varying  from  a  light 
to  a  dark  yellow  with  an  admixture  of  brown.  In  the  course  of  tweuty- 
fotir  hours,  a  not  inconsiderable  quantity  of  pigment  must  leave  the  body 
by  the  urine  ;  but  the  nature  of  the  normal  pigment  or  pigments  of  urine 
is  at  present  obscure  and  the  subject  of  much  controversy.  The  matter 
is  apparently  further  complicated  by  the  presence  in  urine  of  what  have 
been  called  "chromogens,"  that  is  to  say,  bodies  which  are  not  colored 
themselves  but  which  readily  give  rise  to  pigments  upon  oxidation;  and  it 
is  probable  that  some  of  these  "chromogens*'  of  the  urine  are  reduction 
products  of  the  respective  pigments,  the  reduction  taking  place  in  the 
urine  after  secretion,  or  during  or  even  before  secretion.  There  is  frequently 
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It  in  urine,  eepecially  in  cases  of  fever,  a  pii^ment  which  has  l^eo 
|ttolftt«(i  And  dclerwined,  which  has  a  characteristic  sj^ectrum,  aod  which 
being  niainuioed  by  some  to  be  a  derivative  of  biiirubiu,  liaa  becu  called 
urobiiiti.  It  is  not  this  urobiliu,  however,  which  gives  to  urine  iu  ordinary 
color.  Some  observers,  od  the  other  hand,  maintaiu  that  uormal  uriae  does 
contain  and,  iu  part  at  least,  owes  it^  normal  color  to  a  domewhut  similar 
but  ditfereul  body,  which  in  consequence  they  have  called  "  normal " 
urobilin.  It  i»  in  fact  not  possible,  at  the  present  moment,  to  make  deHnitt 
and  aatisfactory  statciuents  as  to  whether  urine  contaiu^j  one  or  more  than 
one  normal  pigment,  as  to  its  or  their  nature,  as  to  whether  they  are  derived 
from  bile  pigment  or  directly  from  the  h:emaliu  or  hieuiuj^lobin  or  in  other 
WMys,  or  as  l^)  the  several  steps  by  which  they  are  produced.  There  are 
also  abnormal  coloring  matters  present  on  occasion,  such  for  inaianoe  as  the 
peculiar  red  coloring  matter  occurring  sometimes  in  the  urine  of  acute 
rheumatism,  which  has  been  called  uroerythrin  ;  but  our  knowledge  con- 
cerning these  is  very  imperfect. 

§  40o.  FermenU  and  other  bodies.  Even  normal  urine  has  fretjueotly  been 
found  to  contain  a  small  quantity,  hardly  amouniinj^  to  more  than  a  trace, 
of  proteid  material,  apparently  au  albumin;  but  the  normal  presence  of 
even  this  small  quantity  has  been  disputed.  Urine,  however,  certainly  con- 
tains ferment  bodies. 

When  urine  is  treated  with  many  times  its  volume  of  alcohol,  a  granular 
or  flocculent  precipitate  is  thrown  down,  consisting  chieHy  of  ph<«phates. 
together  with  some  other  substances  or  probably  several  other  substances,  in 
-^enr  ama  11  quantities.  An  aqueous  solution  of  the  i)recipitate,  which  may 
be  freed  from  the  phosphates,  is  both  amylolylic  and  proteolytic.  Ferments 
may  also  and  more  readily  be  extracted  from  urine  by  allowing  shreds  of 
fibrin  to  soak  in  the  urine  for  a  few  hours,  and  then  removing  and  washing 
tbena.  The  ferments  l>ecome  entangled  in  the  Bbrin  in  such  a  way  as  not 
to  be  easily  removed  by  washing.  The  washed  shreds  will  convert  starch 
iDlo  sugar;  and  when  treated  with  dilute  hydrochloric  acid  digest  them- 
aelvea,  ibowing  the  presence  of  pepsin.  By  this  method  it  has  been  ascer- 
tained that  an  amylolylic  ferment  and  pepsin  are  predentin  quantities  which 
vary  in  the  twenty-four  hours  according  to  the  meals.  Kenniu  has  aUo 
been  found,  and  at  times  at  least,  trypsin.  From  this  it  appears  that  some 
iif  the  ferments  of  the  fllimeutary  canal  escape  from  the  body  by  the  urine. 
being  probably  reabsorbed  directly  from  the  respective  gland;  the  quantity 
moreover  which  thus  escaf)es  is  iusiguiticant. 

A  small  Quantity  of  gas,  about  lo  vols,  per  cent.,  can  be  extracted  by  the 
nMTcarial  pump  from  urine  received  direct  from  the  bo<]y  without  exposure 

fto  air.  The  gas  so  obtained  consists  chieHy  of  carbonic  acid»  nitrogen  being 
Tcry  scantv,  and  oxygen  occurring  in  very  small  quantities  or  being  wholly 
absent,  'fhe  meaning  of  this  we  have  already  touched  upon  in  speaking  of 
respiration,  see  tt  HOO. 

5^407.  The  quantities  in  which  these  multifHrious  bodies,  all  of  which,  a& 
we  have  seen,  we  may  perhaps  regard  as  constituents  of  normal  urine,  are 
preaent  in  ditferent  specimens  of  urine,  vRxy  within  very  wide  limits,  being 
dependent  on  the  nature  of  the  food  taken,  and  on  the  conditions  of  the 
body.  The  amount  not  of  water  only,  but  of  many  of  the  other  several 
eoBStituents,  varies  widely  and  in<lccd  rapidly,  so  that  the  percentage  oom- 
position  of  urine  will  vary  from  hour  t(»  hour  if  not  from  minute  to  minute. 
The  causes  which  determine  these  variations  in  the  nature  and  amount  of 
urixj**  we  shall  study  later  on.  Meanwhile  what  may  be  called  the  average 
<x>ini>oeition  of  human  urine  is  shown  in  the  following  table  in  which  the  acids 
aod  base*  are  put  down  tteparately. 
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Amounts  of  the  Several  Urixabt  Oo3C8mvE»p  Pa.* 
IS  TwEjrrr-FOUB  Hoitrsl     (After  Pake^) 


.^^^I^S. 

Water 

1500,000  g 

Tout  aoUaa 

Cre* 

S8.180 

Uric  add 

0.5&5 

Uippuric  acid 

0.400 

Kremtinin 

0.910 

Pigmeac,  and 

other  subManeea 

10.01  lO 

8ulpharic  acid 

2.012 

Phosphoric  acid 

3.1W 

Chlorioe 

7.000 

0.770 

Ammonia 

PotAMlum 

1f..V)0 

Sodium 

11.090 

Calcium 

0.380 

MagDCMum 

0,207 

72.000 

r«rika« 


$40B.  The  acidiiy  of  urine.  The  healthy  urine  of  maa  ts  acid,  oviag  to 
tbe  presence  of  acid  %(A\\im  phosphate,  the  aWnce  of  free  add  beiagiliaTB 
by  the  fact  that  &rxJium  byp(;sulphite  ^ves  qo  precipitate.  The  Aaontof 
acidity  i§  about  equivalent  to  2  grammes  of  oxalic  acid  in  tventy-fMir  boofs, 
but  the  degree  of  acidity  at  any  one  time  varies  much  during  the  day,  being 
in  an  ioverse  ratio  to  the  amount  of  acid  secreted  by  theiloiDach;  tfauiit 
decreases  after  food  is  taken,  and  increases  again  as  gastne  digestion  ooomb 
to  an  end.  It  variefl  with  the  nature  of  the  food  ;  with  a  vegetable  diet  the 
exceat  of  alkalies  in  the  f<x)d,  being  secreted  by  tbe  urine,  leads  to  alkalinity, 
or  at  least  to  diminished  acidity,  whereas  this  etfecl  is  wanting  with  an 
animal  diet,  in  which  the  alkalies  are  less  abundant,  earthy  baacs  pre- 
ponderating. Hence  the  urine  of  camivora  is  generally  wery  acid,  while 
that  of  herbivora  is  alkaline.  The  latter,  when  fasting,  are  for  the  lime 
being  carnivorous,  living  entirely  on  their  own  bodies,  and  hence  their  urine 
becomes  under  these  circumstances  acid. 

Tbe  natural  acidity  increases  for  some  time  aAer  the  urine  has  been  dis- 
charged, owing  to  the  formation  of  fresh  acid,  apparently  by  some  kind  of 
fermentation.  This  increase  of  acid  frequently  causes  a  precipitation  of 
urates,  which  the  previous  acidity,  even  after  the  cooling  of  the  urine,  bad 
been  insufficient  to  throw  down.  After  a  white,  however,  the  acid  reaction 
givea  way  U>  alkalinity.  This  is  caused  by  a  conversion  of  the  urea  into 
ammonium  carbonate  through  the  agency  of  a  specific  '*urgauized  '^  ferment. 
This  ferment  as  a  general  rule  does  not  make  its  appearance  except  in  urine 
exposed  to  the  air ;  it  is  only  in  unhealthy  conditions  that  the  fermentation 
takes  place  within  the  bladder,  and  in  such  cases  Ih  due  either  to  micro- 
organisms introduced  into  the  bladder  from  without,  during  the  use  of  instru- 
ments for  iuHtance,  or  to  tbe  action  of  an  unorganized  fermeut,  secreted,  ap- 
parently by  the  walls  of  the  bladder. 

ti  409.  Abnormal  conntiiuenU  of  urine.    The  structural  elements  found  in 
the  urine  under  various  circumstances  are  blood,  pus  and  mucous  corpusclesy 
epithelium  from  the  bladder  and  kidney,  and  spermatozoa.     To  these  mar 
be  added  the  so-called  "  casts  "  which  are  either  "epithelial  casl^,"  that  is  t<9 
say  cylinders  of  more  or  less  altered  epithelial  cells  shed  from  the  tubules,  ocr 
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8tructurelet»,  "fibrinous"  casts,  which  are  cylinders  of  peculiar  nmterial 
moulder]  in  the  iumina  of  the  tubules;  the  exact  nature  of  thin  material  is 
At  present  a  matter  of  doubt;  it  is  not  always  the  same,  but  appears  not  to 
be  fibrin. 

X^be  moHt  common  and  important  abnormal  constituents  of  urine  are 
mlhttmin,  giving  rise  to  albuminuria,  and  *agai\  giving  rise  to  glycosuria  or 
dm.l>et«B.  The  soluble  proteids  generally  spoken  of  a-s  "albumin"  in  the 
urine  differ  in  different  ca«».  The  exact  determination  of  their  nature  is  a 
mat-ter  of  some  ditficulty,  since,  as  we  have  seen,  we  have  in  diHereiitiating 
the  variuud  proteids  to  trust  largely  to  their  behavior  as  regards  precipitatiou 
upon  the  addition  of  certain  saline  bodies;  and  the  presence  of  saline  bodies 
in  the  natural  urine  introduces  complication;*.  It  would  appear,  however, 
thci^  the  proteids  usually  present  are  serum-albumin  and  globulin  ;  these  are 
po*.  however  as  a  rule,  if  ever,  present  in  the  same  relative  proportions  as 
in  l>Iood-plaama :  and  eitlier  the  one  or  the  other  may  be  preseut  by  itself. 
A  form  of  albumoae  (§  203)  called  htini-albumfme  is  sometimes  found,  and 
iociced  probably  very  many  distinct  kinde  of  proteids  are  from  time  to 
tina«  present.  If  egg-albumin  be  injected  into  the  blood  it  appears  in  the 
urioe  as  egg-albumin,  and  peptone  similarly  injected  appears  as  peptone. 

*I^be  sugar  which  is  found  in  the  urine  of  diabetes  is  undi^itingutshable 
from  ordinary  dextrose;  but  whether  it  is  absolutely  identical  with  that 
hotly,  or  whether  the  sugar  in  all  cases  of  diabetic  urine  is  exactly  the  same, 
not  (>erhap6  as  yet  be  regarded  as  definitely  siitticd. 
'when  blood  is  mingle<l  with  urine  in  the  kidney  and  in  the  urinary  pas- 
the  constituents  of  the  former  are,  of  course,  added  to  those  of  the 
l&t.t«r;  and  when,  as  sometimes  happens,  chyle  from  the  laoteals  makes  its 
wcty  into  the  kidneys,  the  unne  contains  the  fats  and  other  constituents  of 
chyle.  Fats,  however,  may  be  present  without  the  urine  being  distinctly 
"  chylous/* 

Oioleaterin.  bile-acids,  bile-pigments,  and  one  or  other  of  a  large  number 
oT  l)odie6  arising  from  a  disordered  metabolism  of  the  body,  such  as  leucin, 
tyrodn,  acetone  (in  cases  of  diabetes),  oxalic  acid,  tauriu,  cystin,  aud  many 
o^lien  are  also  found  more  or  lets?  frequently;  some  of  these,  indeed,  have 
been  regarded  as  normal  constituents.  Besides  these  the  urine  serves  as  the 
dbief  channel  of  elimination  for  various  bodies,  not  proper  constituents  of 
food  which  may  happen  to  have  been  t^ken  into  the  system.  Thus  various 
minerals,  alkaloids,  salts,  pigmentary  and  txloriferous  matters,  may  be  paittjed 
uiicbanged.  Many  sul)stances  thus  occasionally  taken  undergo,  however, 
*^^»'igeB  in  passing  through  the  body;  the  most  important  of  these,  iince  the 
f^*Og«i  which  they  undergo  throw  light  on  the  metabolic  processes  of  the 
"*^y,  will  be  considered  in  a  succeeding  chapter. 


The  Secretion  of  Ubine. 

,  *  4lO.  The  facts  which  we  have  learnt  in  a  preceding  section  concerning 
^*  structure  of  the  kidney  have  shown  us  that  that  organ,  unlike  the  other 
J^^'^ting  organs  which  we  have  hitherto  studied,  consists  of  two  part£,  ao 
T^ttcl  in  structure  that  it  seems  impossible  t«  resist  the  conclusion  that 
1*^'  functions  are  diiferent.  and  that  the  mechanism  by  which  the  urine  is 
U^'^ted  is  of  a  double  kind.  On  the  one  hand  the  tubuli  uriniferi,  with  their 
^^•'^cteristic  epithelium,  seem  obviously  to  be  actively  secretmg  structures 
jj'^lfcamhlc  to  the  secreting  alveoli  of  the  salivary  and  other  glanda.  On 
^^  <iti)or  hand  the  Matpighian  capsules,  with  their  glomeruli,  are  organs  of 
P^uliar  nature,  with  an  almost  insignificant  epithelium,  and  their  structure 
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irreeistibly  suggests  that  tliey  act  rather  as  what  may  be  called  iu  a  general  war 
a  tillering  than  as  a  truly  secreting  mechanism.  Hence  has  arisen  the  view 
which  frequently  bears  the  name  of  Bowman,  since  he  was  the  tirst  to  put  it 
forwartJ,  that  certain  conHtituents  only  of  the  urine  are  secreted  after  the 
fashion  of  other  secreting  glands  by  the  tiibuli  uriniferi,  and  that  the  rest  of 
the  constituents,  including  a  great  deal  of  the  water  with  such  highly  soluble 
and  diHusible  salts  as  preexist  in  adequate  quantity  in  the  blood,  are,  as  it 
were,  filtered  off  by  the  glomeruli  of  the  Maloighian  capulea.  We  shall  see 
later  on  reason  to  doubt  whether  we  are  juntihed  in  applying  the  term  "  filtra- 
tion," which  has  a  definite  physical  meaning,  to  the  process  by  which  water 
and  other  substances  pu^s  from  the  bluottvessels  of  the  glomerulus  into  the 
lumen  of  the  tubule ;  for  that  process  is,  as  we  shall  find,  peculiar  and  com- 
plex. But  such  a  doubt  neefl  not  prevent  us  from  recognizing  that  the  whole 
act  of  secretion  of  urine  consists  of  two  parts,  one  of  which  is  much  more 
closely  dependent  on  the  fiow  of  blood  through  the  kidney  than  is  the  ordi- 
nary process  of  secretion  such  as  has  hitherto  come  before  us,  and  another 
part  which  seems  to  bear  the  same  relation  to  the  flow  of  blood  as  does 
ordinary  secretion. 

That  the  work  of  the  kidney  is  to  an  unusual  degree  dependent  on  the 
flow  of  blood  through  it,  seems  suggested  by  the  vascular  arrangements;  for 
these  are  extremely  favorable  to  a  full  and  rapid  stream  of  blood  through 
the  organ.  The  short  and  relatively  broad  renal  artery  comes  off  direct 
fn>m  the  abdominal  aorta,  where  the  blood-pressure  is  extremely  high  ;  the 
renal  vein  opens  directly  into  the  vena  cava,  where  the  blood-pressure  is 
extremely  low.  Between  the  mouth  of  the  renal  artery  and  the  mouth  of  the 
renal  vein  the  diticrcnce  of  pressure  is  very  gn^at,  indeed  ;  and,  as  we  have 
seen  in  treating  of  the  vascular  ayateni,  it  is  the  difference  of  pressure  between 
two  points  of  thfe  vascular  tract  which  is  the  actual  cause  of  the  How  of  blood 
from  the  one  point  to  the  other.  The  difference  of  pressure,  indeed,  which 
drives  the  blood  through  the  limited  area  of  the  kiduey  is  the  same  difference 
of  pressure  which  drives  the  blood  along  the  abdominal  aorta  down  both 
legs  back  again  to  the  vena  cava. 

This  free  and  abundant  supp!y  of  bhunl  is  regulated,  is  either  increased  or 
diminished,  according  to  the  needs  of  the  niament,  by  the  vasomotor  system  ; 
this  is  shown  by  exfierimental  aud  other  results,  which  it  will  l>e  profitable 
to  study  in  some  detail.  Before  entering  into  these  details,  however,  it  will 
be  well  to  call  attention  to  the  fact  that  when  vasomotor  events  modify  the. 
flow  of  bhxKi  through  an  organ,  they  produce  their  effects  in  one  direction 
or  another  by  working  on  arterial  blood-pressure.  Thus,  as  we  shall  see, 
when  stimulation  or  section  of  a  nerve  increases  the  blood  through  the  kidney, 
it  does  80  by  increasing  the  pressure  in  the  small  vessels  of  the  kidney,  includ- 
ing the  capillary  loops  of  the  gloniendi.  In  such  a  case  the  walls  of  the 
glomerular  loo]>»,  through  which  the  passage  of  materials  to  furm  (part  of) 
the  urine  takes  place,  are  subjected  to  two  influences — on  the  one  hand  to  a 
fuller,  more  rapid  flow  of  blood  past  them,  and  on  the  other  to  an  increase 
of  the  pressure  which  that  blood  as  it  passes  along  exerts  on  them.  We 
shall  have  .subsequently  to  discuss  the  share  taken  by  these  two  influences  in 
determining  aud  modifying  the  passage  of  material  through  the  walls  of  the 
glomerular  loops;  and  this  will  bear  on  the  question  of  filtration  to  which 
we  have  above  alluded  ;  but  for  the  present  it  will  be  convenient  to  deal 
with  the  effects  of  variation  in  blood-preAsure  apart  from  this  Becondary 
question. 

§  411.  The  vasomotor  mechanimn«  of  the  kidney,  Jt  may  be  shown  experi- 
mentally that  the  kidney  is  supplied  with  a  vasomotor  mechanism  as  well- 
developed,  perhaps,  as  that  of  any  other  ]>art  of  the  body.     By  means  of  a 
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moditicatiuii  of  the  plethyaniograph  ^Figa,  155,  156),  we  can  readily  obeerve 
the  %*anHlii)n8  which  take  place  in  the  volume  of  the  kidney. 

The  iostrament  oonsisis  of  two  parts,  one  of  which  (Fi|i;.  155),  called  the  onco- 
ni«ier.*  is  applied  Ut  the  or^an  about  to  be  studied,  while  the  other  (Fig.  156), 
called  the  onoograph,  is  the  recordinj?  j)jirt  of  the  apparatufl.  Any  diminution  id 
the  volume  of  the  organ  (Fig.  155.  A),  kidnev,  Hpleen,  etc_.  afl  the  ease  may  be, 
ilituiiiishea  the  pressure  on  the  fluid  intliecliauibcr^f ;  Kinieofthe  fluid  iu  tlieuliaoi' 
\>er  .V(Fig.  156)  accordingly  paase*)  through  the  tube  A^  (Fig.  I5G)  and  the  tube  T 
J^X.  155)  10  the  chamber  f( ;  the  piston  D  accordingly  fatU  and  with  it  the  lever 
Similarly  an  increase  in  the  volume  of  the  organ  causes  the  lever  to  rise, 

Fio.  id&. 


RcvAL  OxcxtMKTEJt.    {Secu  In  MCtlon,  temi-dincrammiiUc.) 

iC,  kuiuwf ;  V,  weh  and  nerves  imbedded  in  fiit.  etc.,  eDteriiic  tiilu»  uf  orgut :  0,  C,  and  /.  C 
•ud  Inner  metftl  c&(«ules  •ci«w<>(l  top^Lher  by  the  screw  5,  snd  holding  betwu«n  thviu  tbecdife 
«#  %he  ZQi:mbrmnc  M.  which  appUes  llwir  ta  the  aurfiutt  of  the  kldnoy  an>]  forniB  wiUi  the  metal  mp. 
amle  two  chunbers,  <i  and  B,  OD«of  which  iff)  is  dosed  by  a  |>lug  filling;  the  openlnR  £.  while  the 
oOt<r  idi  cntntniinlcstea  by  a  tube  Twltb  the<recordlng  Instrument.  The  other  o(>cnlng,  C  \Whicb 
teelosei  by  s  sm&ll  tap),  U  (hr  the  parjMwe  of  lUUng  the  chamber  a  with  wstmoH  after  the  kidney 
baa  titstn  plB(rvil  m  tlu'  box,  the  uihur  chamber  B  hnviag  t**^'"  prvviously  pitrth  flUeO,  the  fjuontlty 
iMntAwMtl  Into  it  depending  upon  the  il2e  of  the  klJuey. 

The  volume  of  the  kidney  maybe  increflaed  by  a  swelling  of  it«  constituent 
cells  and  other  structural  elements,  by  an  accumulHtiou  of  lymph  in  ita 
Irmph-^pacea,  and  by  a  di.stention  of  ita  blood  resHels.  CV)mpared  with 
tKe  third,  the  two  former  causes  are  in  health  so  insigniticant  and  prob- 
lematical that  they  may  be  disr^arded.  Further,  the  distention  of  the 
bloo4 1  vessels  will  in  general  depend!  on  the  constriction  or  dilatation  of  the 
renal  arteries  and  their  ramifications,  for  distention  due  to  venous  obstruction 
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will  only  occur  in  Rpecial  cases.  Honce  variatiotiA  in  the  volume  of  the  kid- 
ney may  be  taken  as  a  measure  of  variations  in  iU  vascular  supply — increase 
of  volume  indicating  dilated  renal  veaselsp  and  decrea^  of  volume  indicating 

constricLion  of  the  renal  vessels. 


BEKI-DUaBAMMATIC  SitTIONAL  ViXW  OP  ONUfWRAPH.     (Half  llAtQml  ibR.) 

K,  inbe  »mnecUi)g  InstnimeiU  with  nncoraeter :  D.  piston  Uoatlng  on  oil  conlaliifd  In  tbe  cavU 
M :  tbi<  oil  Ifl  preveuted  from  eec&plnR  by  itie  Hide  of  the  piston  by  tbe  dellcftie  flexible  membmne 
wbtcb  doe»  iK)t  luterfeiv  wilh  tbu  tuoveineuls  of  ibe  pUtou ;  Jf,  reconlInK  lever  uoiiuvctetl  n  ttb  the' 
pitttriit  by  a  ucedle  G  posfn^  throagh  the  guides  F.  f.    The  screw  Cis  for  the  purpoeu  of  •'lamping 
the  edge  of  tbe  metiihrane  between  the  two  ring-ehaped  surfaces  at  A',  while  the  sldetnbe  L  Is  lur  the 
purpose  nf  flUlug  rhe  luxtrumeiit. 

When  by  means  of  the  ini<trument  just  described  a  tracing  is  taken  of  the 
volume  of  a  kidney  in  what  may  be  considered  a  normal  condition,  some 
8uch  result  as  that  shown  in  Fig.  157  is  obtained. 


BLOOD 


Fio.  I&1 
PR  c  s  s  y  fl  E 


*<t  D  N  c  r     ctyevE 


BLOOD-ruEaaDEE  TRAaNi#.  and  Cintvc  fkoM  Renax  Ovf^mtTZtt.    CNatunlilw.) 
The  blood-preaeiure  abscissa  line  has  been  raised  2.7.'>  cm    abo  actual  medium   blood-|>TVfl>ur« 
baring  been  U5  mm.  Hg.).    The  Ume-ourv©  gives  InlemipUuos  recarrtng  L'very  three  seconds. 

The  volume  of  tbe  kidney  is  seen  to  be  so  delicately  responsive  to  cbauf^ 
in  the  mean  arterial  pressure  that  the  curve  reproduces  almost  exactly  a 
blood-pressure  curve,  showing  not  only  the  respiratory  unduhtlious,  but  even 
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■nd  fall  due  to  the  indiviHual  heart-beaui.  With  each  rise  of  mean 
pressure  more  blrxxl  is  driven  into  the  renal  vessels  and  the  kidney 
■wells;  with  each  fall  of  pressure  less  blood  oDtors  and  the  kidney  shrinks. 
On  other  tracings  taken  in  the  game  way  may  oAen  be  seen  (not  shown  in 
Fig.  157 (  the  wider  variations  corresjionding  to  the  Tniube-Hering  curves; 
but  it  will  be  observed  that  in  these  the  kidney  shrinks  with  the  rise  of  pres- 
sure and  iwells  with  the  fall.  For  as  we  have  seen  (§  389)  the  rise  in  the 
Traube-Hcring  undulation  is  due  to  an  augmentation  of  peripheral  resistance 
caused  by  the  constriction  of  minute  arteries:  and  this  constriction  occurs  in 
the  kidney  as  elsewhere;  the  renal  arterioles  take  their  share  in  pnuluciug 
the  result,  and  in  conseciuence  of  their  constriction  the  kidney  shrinks.  Simi- 
larly the  relaxation  of  tne  renal  vessels  contributes  to  bring  about  the  sequent 
faJI." 

§  412.  In  the  course  of  a  discussion  in  an  earlier  part  of  this  work  (^  171) 
on  the  local  and  general  effects  of  arterial  constriction  and  dihitation.  we  saw 
that  the  local  blood-pressure  in  and  H(»w  of  blood  through  the  capillaries  and 
other  minute  vessels  of  this  or  that  vascular  area  may  l>e  iticrenatd — 

1.  By  an  increase  of  the  general  blno<l  pressure  brought  about — («)  by  an 
increased  force,  frequency,  etc.,  of  the  heart's  beat,  \6)  by  the  constriction  of 
the  ^uiall  arteries  supplying  areas  other  than  the  area  in  question. 

2.  By  a  relaxation  of  the  artery  (or  iirteries)  supplying  the  area  itself, 
which,  while  diminishing  the  pressure  in  the  artery  itself,  increases  the  pres- 
•are  in  the  capillaries  and  small  veins  which  the  artery  supplies.  It  need 
hardly  be  added  that  this  local  relaxation  mui^t  not  be  accompanied  by  a  too 
^reat  dilatation  elsewhere. 

The  Rame  local  blood-pressure  and  flow  of  blood  may  similarly  be 
fiiminishrd — 

1.  By  a  constriction  of  the  artery  of  the  area  itself  (and  its  branches), 
which,  while  increasing  the  pressure  on  the  cardiac  side  of  the  artery,  dimin- 
ishes the  pressure  in  the  capilJarie**  and  veins  which  are  supplied  by  the 
artery.  This  again  must  not  be  accompanied  by  a  too  great  constriction 
elsewhere. 

2.  By  a  lowering  of  the  tjeneruf  blood  ]>re«8ure,  brought  about — (a)  by 
diminished  force,  etc..  of  the  heart's  beat.  (6)  by  a  general  dilatation  of  the 
email  arteries  of  the  body  at  large,  or  by  a  dilatation  of  vascular  areas  other 
than  the  area  in  question. 

Applyiiig  these  considerations  to  the  bloodvessels  of  the  kidney,  we  should 
expect  to  find  the  following : 

A  rise  in  general  blood-pressure,  and  that  means  a  rise  of  pressure  in  the 
abdominal  aorta  at  the  mouth  id*  the  renal  artery,  will  cause  a  greater  flow 
of  blix>d  through,  and  .^o  an  expansion  of  the  kidney,  provided  that  the  renal 
arterieB  themselves  are  not  unduly  constricteil  at  the  same  time.  This  is  well 
iihown,ftB  we  have  seen,  in  the  curve  given  above,  where  the  increase  of  jircs- 
sure  due  to  each  heart-i>eat,  as  well  as  that  due  to  each  respiratory  movement, 
being  of  central  origin  and  nut  due  to  arterial  constriction  and  being  unac- 
conapanie<l  by  any  compensating  constriction  of  the  renal  artery,  leads  to 
expansion  of  the  kidney,  that  is,  to  a  greater  flow  of  blood  through  the 
kianey. 

If,  however,  the  rise  of  general  blood-pressure  be  due  to  event«  which  at 
the  same  time  cause  a  constriction  of  the  renal  arterie«,  the  flow  through  the 
kidnev  may  not  only  not  he  increased  but  even  be  diminished;  the  kidney 
nay  slirink  instead  of  expanding.  Thus  if  dyspnoea  be  brought  about,  as 
by  stopping  artificial  respiration  during  an  e<c|>erimcnt.  the  kianey  at  once 
ahrinks;  the  too  venous  blood  stimulates  the  vasomotor  centre,  and  probably 
also  by  direct  action  on  the  bloodvessels  leads  to  a  general  arterial  constrio- 
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tion  and  ao  to  a  rise  of  hlnod-preflsiirp;  bnt  the  renal  veasels  are  involved  in 
this  constriction,  BO  much  so  tl:at  their  constricted  condition  more  than  coun- 
terbalancea  the  general  rise  of  blooil-pressure,  i»ul  lesa  blood  Hows  through 
the  renal  vessele.  So  also  when  the  medulla  or  »i>imil  cord  is  directly  stimu- 
lated by  induction  shocks  (the  animal  being  under  iirari  so  aa  to  eliminate 
the  coiiiplicatioTis  due  to  contractions  of  the  skeletal  niiisclea)  the  renal  vee- 
sels  share  ait  fully  in  the  arterial  constriction  which  results  that,  in  ^pile  of 
the  great  rise  of  mean  pressnre  which  is  induced,  less  hhiod  than  normal 
passes  throngh  the  renal  vessels,  an*!  the  kidney  shrinks.  Or  if  the  abdomi- 
nal splanchnic  nerves  be  stiiuulated.  biuce  as  we  shall  see  these  carry  vaso- 
constrictor fibres  for  the  kidney,  in  spite  of  the  rise  of  blood-pressure  which 
follows,  the  kidney  shrinks  on  account  of  the  great  constriction  of  the  renal 
vessels. 

On  the  other  hand,  if  a  rise  of  blood-pressnre  be  for  any  reason  not  accom- 
panied by  a  compensating  conatrictionof  the  renal  arteries,  that  rise,  whether 
It  be  brought  about,  by  general  constriction  of  arteries  other  than  the  renal 
or  by  an  increase  of  the  cardiac  delivery,  causes  the  kidney  to  swell,  showing 
a  greater  flow  of  bhM)d,  Such  a  condition  of  things  may  \ye  induced  by 
•ectioD  of  the  nerves  of  the  renal  plexus,  whereby  the  paths  of  all  vaso-con- 
Btrictor  iiiipulsei^  to  the  kidney  are  blocked.  After  this  has  been  done  a  rise 
of  general  pressure  whether  by  dyspna'a,  or  by  direct  stimulation  of  the 
Bpinal  cord,  or  by  stimulation  of  the  abdominnl  splanchnic  nerves,  leads  to  a 
greater  flow  through  the  ruual  vessels  and  an  increased  expansion  of  the 
kidney. 

A  rise  of  general  blood -pressure  then  may  be  accompanied  by  either  a 
shrinking  or  a  swelling  of  tne  kidney,  by  either  a  greater  or  lesiser  flow  nf 
blood  through  the  kidney,  according  to  the  concomitant  condition  of  the  renal 
vessels ;  or,  indeed,  may  under  certain  circumstances  be  accompanied  by  no 
change  at  all  in  the  renal  circulation,  the  local  effects  exactly  counter- 
balancing the  general  ones. 

Conversely,  in  a  similar  way,  a  fall  of  blood-pressure  leads  to  a  lesser  flow 
through  the  renal  vessels  and  a  shrinkage  of  the  kidney  unless  it  be  accom* 
panied  by  a  dilatation  of  the  renal  vessels  out  of  proportion  to  the  general 
fall.  Thus  when  the  spinal  cord  is  divided  below  the  medulla  the  fall  of 
general  blood-preaeure  is,  as  we  have  seen  (jj  173),  very  marked,  being  due  to 
an  abolition  for  the  time  being  of  wonterl  constrictor  impulses.  The  pre-<- 
sure  in  the  aorta  falls  rapidly,  and  at  the  same  time,  owing  to  the  more  o()eu 
pathway  ihnnigh  the  region  of  peripheral  resistance  in  the  body  generally, 
the  pressure  io  the  vena  cava  is  increased  ;  the  difference  of  pressure  between 
the  mouth  of  the  renal  artery  in  the  aorta  and  the  mouth  of  the  renal  vein 
in  the  vena  cava  is  so  largely  reduced  that  in  spite  of  the  concomitant  relaxed 
conditi<m  of  the  renal  vessels  themselves  the  flow  of  blood  through  the  kidney 
is  largely  diminished. 

It  will  of  course  be  understood  that,  the  general  blood -pressure  remaining 
the  same,  the  flow  through  the  kidney  will  at  once  be  on  the  one  hand  in- 
creaaed  by  dilatation  and  on  the  other  decreased  by  conMriction  of  the  renal 
Vttsels  themselves.  The  constricteii  or  dilated  condition  of  the  renal  vessels 
can  by  themselves  produce  but  little  ellect  on  the  pressure  either  in  the  aorta 
or  in  the  vena  cava;  and  the  difference  between  the  pressure  at  the  mouth 
of  the  renal  artery  and  that  at  the  mouth  of  the  renal  vein  remaining  the 
same,  the  more  open  passages  of  the  dilated  renal  vessels  must  lead  to  a 
fuller,  and  the  narrower  passages  of  the  constricted  reual  veasels  to  a  scantier 
tlow,  through  the  kidney. 

§  413,  By  means  of  the  oncometer,  watching  the  shrinking  and  ewelliaf 
of  the  kidney  and  thus  judging  of  the  flow  of  blood  through  it,  the  resul 
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being  always  interpreted  with  reference  to  the  geueral  blood-presflure  on  the 
lines  of  the  above  discussion,  the  paths  ni*  vasotnotor  impuUez!  to  the  kidney 
have  been  approximately  made  out.  Vaao-constrictor  hbres  for  the  kiduey 
are  supplied  from  what  we  have  previously  (§  1*59  and  elsewhere)  spoken  of 
as  the  vaso-constrictor  region  of  tne  spinal  cord.  They  issue  from  the  spinal 
cord  by  the  anterior  roots  of  a  large  number  of  the  spinal  nerves  taking 
origin  from  this  region,  and  may  be  traced  (in  the  dog)  as  high  up  aa  the 
sixth  dorsal,  a  few  perhaps  even  to  the  fourth  dorsal,  and  as  low  down  as  the 
second  lumbar  (fourth  lumbar  if  onlv  thirteen  nerves  be  counted  as  dorsal); 
but  most  seem  to  pase  by  the  eleventh,  twelfth,  and  thirteenth  dorsal  nerves. 
Passing  through  the  corresponding  ganglia  of  the  sphuichnio  (sympathetic) 
chain,  these  fibres  reach  tlie  solar  plexus  and  thus  the  renal  plexus  bv  the 
abdominal  splanchnic  nerve;  those,  however,  coming  from  some  of  the  lower 
nerves  apptireutly  do  not  contribute  to  the  splajiciinic  nerve,  but  take  a  sepa- 
rate course.  Centrifugal  stimulation  of  these  anterior  roots  pntduces  shrink- 
ing of  the  kiduey,  all  the  more  marked  and  distinct  in  the  case  of  the 
eleventh,  twelfth,  and  thirteenth  dorsal  roots  because  the  etiect  on  the  kidney 
is  then  not  so  much  masked  by  vasomotor  effects  on  other  organs.  Stimu- 
lation of  the  higher  roots  also  produces  shrinking  of  the  kidney  but  lees 
marked,  since  in  these  cases  the  stimulation  bears  at  the  same  time  largely 
on  vaso-constrictor  iibres  for  other  abdominal  organs,  and  so  by  raising  the 
general  blood-pressure  tends  to  neutralize  the  local  effect  on  the  kidney. 
And  even  the  very  decided  shrinking  of  the  kidney  which  results  from  the 
stimulation  of  the  splanchnic  trunk  itself  is  less  than  would  take  place  if  the 
stimulation  affected  the  vessels  of  the  kidney  only. 

§  414-  We  stated  in  is  108  that  by  the  method  of  slowly  repeated  rhyth- 
roical  stimulation  the  presence  of  vaso-dilator  fibres  in  the  sciatic  nerve 
might  be  detected,  though  these  are  largely  mixed  with  vaso-conetrictor 
fibres;  and  slow  rhythmical  .stimulation  of  the  anterior  roots  of  the  above- 
mentioned  lower  dorsal  nerves  leads,  not,  as  does  ordinary  rapitlly  inter- 
rupted stimulation,  to  shrinking,  but  to  swelling  of  the  kiduey,  showing  that 
these  roots  contain  vaso  dilator  fibres  as  well  as  vaso-constrictor  fibres.  The 
higher  (anterior)  roots  also  ap|>ear  to  contain  some  renal  vaso-dilator  fibres; 
but  the  effect  of  stimulating  them  by  the  slow  rhythmic  method  is  more 
masked  by  a  concomitant  dilatation  of  the  vessels  of  the  other  abdominal 
organs,  the  roots  in  question  containing  vaso-dilator  as  well  as  vaso-constrictor 
fibres  for  those  organs;  this  leads  to  a  fall  of  geueral  h]oo^l-press^re  whereby 
the  tendency  of  the  kidney  to  swell  is  counteracted.  As  far  as  can  be 
ascertaineil  at  present  the  paths  of  the  renal  vaso-dilator  fibres  are  similar 
to  thoee  of  the  renal  vaso-constrictor  fibres. 

The  kidney  then  is  well  supplied,  especially  through  the  anterior  roots  of 
the  eleventh,  twelfth,  and  thirteenth  dorsal  nerves,  with  vaso-conatrlctor 
fibres,  and  is  also  supplied  with  vaso-dilator  fibres.  Some  results  have 
seemed  to  show  that  the  fibres  passing  along  the  roots  of  one  side  of  the 
•piDal  cord  govern  the  vessels  not  only  of  the  kidney  of  the  same  side,  but 
aJso  to  a  certain  extent  of  the  kidney  of  the  other  side;  it  seems  doubtful, 
however,  whether  this  is  realty  the  case. 

There  is  no  satisfactory  evidence  that  the  vagus  nerve  of  either  aide  con- 
tains any  vasomotor  fibres  reaching  the  kidney  i  see  !j  4o0). 

§  415.  It  is  obvious  then  that  by  means  of  thi.«  vasomotor  mechanism  the 
flow  of  blood  through  the  kiduuy  is  governed  by  the  central  nervous  system 
in  such  a  way  that  afferent  impulses,  started  in  this  or  that  region  or  sur- 
iaoe.  and  passing  up  to  the  central  nervous  system,  may  lend  either  to  con- 
striction or  to  dilatation  of  the  renal  vessels;  and  to  such  actions  of  this  kind 
we  shall  presently  return.     Meanwhile  we  wish  to  call  attention  to  the  fact 
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that  the  volume  of  the  kidney  ib  remarkably  sensitive  to  chemical  chaiigeft 
taking  place  in  the  blood.  The  injection  into  the  blood  of  even  a  small 
quantity  of  water  cnuses  a  transient  shrinking  of  the  kidney  followed  by  a 
more  lasting  expansion.  The  injection  of  urea  and  some  other  diureti<» 
produces  the  same  effect  to  a  more  marked  degree,  leading  especially  to  a 
swelling  which  lasts  for  some  cousiderable  lime,  while  the  injection  of  normal 
saline  solution,  and  especially  (^faiich  diureties  as  ^(Kliura  acetate,  causes  an 
expansion  from  the  very  Hrst.  the  primary  shrinking  being  absent.  It  is, 
moreover,  worthy  of  note  that  these  eHecls  of  diuretics  and  of  chemical 
changes  in  the  blood  are  observed  even  after  all  the  renal  nerves  have 
apparently  been  completely  severed.  Henoe  the  changes  in  volume  caused 
by  the  presence  of  these  substances  in  the  bloud  iiuiBt  be  due  to  the  sub- 
stances acting  either  u|>«m  sonu-  periphernl  vasomotor  mechanism,  or,  even 
more  directly,  on  the  bloodvessels  themselves.  It  may  be  added  that  ther 
will  produce  considentble  utlecta  in  the  kidney  itself  without  appreciably 
modifying  the  general  blood  pressure. 

^  416.  If,  while  the  kidney  is  in  the  oncometer,  and  the  various  experi- 
ments on  section  and  Btimnlntinn  of  nerves  and  the  like  arc  l»eing  carried 
on,  a  cannla  be  tied  in  the  ureter,  the  secretion  of  urine  may  be  watched  at 
the  same  time.  It  will  then  be  seen  that  the  flow  of  urine  through  the  end 
of  the  cannla  ia  not  e(|iiahle.  and  does  not  either  increase  or  decrease  in  an 
even  manner.  On  the  contrary,  it  will  frequently  be  found  that  a  sort  of 
gush  of  urine  tukra  place,  several  dr<ip.s  following  each  other  in  rapid  suc- 
cession, followed  by  a  cessatinn  of  tiow ;  and  if  the  ureter  be  watched  it 
will  be  seen  that  the  gushes  of  urine  are  synchronous  with  waves  of 
peristaltic  contractinn  sweeping  down  the  ureter.  Obviously  the  urine 
collects,  to  a  certtiin  extent,  in  the  pelvis  of  the  kidney,  and  is  driven 
thence  by  muscular  notion  from  time  to  time;  to  this  point  we  shall  return 
later  on. 

Making  every  allowance,  however,  for  the»e  irregularities  of  flow,  we  may 
take  the  rate  of  flow  from  the  end  of  the  canula  as  a  measure  of  the  rate 
of  secretion  ;  and  it  is  ftnind  that  as  a  general  rule  increased  flow  of  urine 
19  coincident  with  swelling  of  the  kidney,  that  h,  with  a  greater  flow  of 
blood  through  it,  and  diminished  or  arrested  flow  of  urine  is  coincident 
with  shrinking  of  the  kidney,  that  is,  with  a  diminished  flow  of  blood 
through  it. 

A  striking  instance  of  this  is  afforded  by  the  experiment  of  dividing  in 
the  dog  the  spinal  cord  below  the  medulla.  The  blofrtl-pressure  then,  as  we 
know,  falls  rapidly,  owing  to  the  removal  of  constrictor  impulses  from  the 
small  arteries  and  the  general  diminution  of  peripheral  resistance  which 
follows  upon  ao  manysmall  arteries  becoming  dilated;  and  though  the  renal 
arteries  probably  share  in  the  general  relaxatiijn  yet,  owing  to  the  fall  of 
pressure  in  the  aorta  conjoined  us  this  is  by  a  corresponding  rise  of  preasare 
in  the  vena  cava,  the  flow  of  blood  through  the  kidney  is  largely  dimin- 
ished. We  find  that  atto  the  operation  the  secretion  of  urine  is  greatly 
diminished  ;  indeed,  in  most  cases  the  (hnv  from  the  end  of  a  canula  is 
almost  arrested.  In  fact,  we  may  almost  make  the  general  assertion  that, 
when  in  the  dog  the  blood-]>re3sure  fnlls  to  aljout  oO  mm.  Hg.  or  less,  the 
secretion  of  urine  is  for  the  lime  slopped.  These  and  other  re«uhg  support 
the  view  staled  above  that  the  secretion  of  urine  is  in  quite  a  special  way 
dependent  on  the  flow  of  blood  through  the  kidney;  and  we  may  further 
conclude  that  the  secretion  which  is  so  particularly  influenced  by  the  flow 
of  blood  is  that  special  kind  of  secretion,  allied  to  filtration,  which  takes 
place  through  the  glomeruli,  and  not  the  mure  ordinary  kind  of  secretion 
by  means  of  the  epithelium  of  the  tuhuli  iiriniferi.     But  before  we  pruceed 
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4j»cu8s  how  the  increased  flow  of  blood  iucreaae;^  the  glomerular  flow  oi 
urine,  wc  must  turn  to  consider  the  fuuctious  of  the  epithelium  uf  the 
tubali. 

8eerMion  by  the  Renal  Epiihclium. 

417.  The  glomerular  mechanism  ia,  ader  all,  a  small  portion  only  of  the 
>le  kidney,  and  the  epithelium  over  a  large  part  of  the  course  of  the 
tnhxdi  vriniferi  bears  most  distinctly  the  chantcters  of  an  active  secreting 
epithelium.  The^  factii  would  lead  ua  h  priori  to  suppose  that  the  flow  of 
urine  'a  in  part  the  result  of  an  active  secretion  comparable  to  that  of  the 
salivary  or  other  >;lands  which  we  have  already  studied.  And  we  have  ex- 
perimental and  other  evidence  that  such  is  the  case. 

In  the  fir»t  place,  a  flow  of  urine  may  he  artificially  excited  even  when 
the  natural  flow  hae  been  arrested  by  diminution  of  blood-pressure.  Thus 
if.  when  the  urine  has  ceased  to  flow  in  consequence  of  a  section  of  the 
medulla  obIong:uta.  certain  substances,  such  as  urea,  urates,  sodium  acetate, 
and  the  like,  t>e  injected  into  the  blood,  a  more  or  leas  copious  secretion  is  at 
oDce  set  up.  This  secretion  is.  or  at  least  may  be»  unaccompanied  by  any 
rue  of  general  blood-preseure  auflicicnt  to  account  for  tho  increased  secretion 
MB  the  mere  result  of  an  increased  flow  of  blood.  It  i»  true  (as  we  have 
eeeo,  §  415)  that  the  injection  of  these  substances  leads  to  an  expansion  of 
tbe  kidney,  an  expansion  which  i^  probably  due  to  a  local  dilatation  of  the 
small  renal  arteries ;  but  the  flbw  of  urine  which  is  observed  in  tlieae  cases 
is  loo  ^reat  to  be  accounted  for  by  any  increase  of  flow  of  blood  which  the 
local  ditatatiou  may  bring  about ;  and  hence  we  conclude  that  the  increase  of 
secretion  is  of  a  diflerent  kind  from  that  which  foliowa  upon  mare  increase 
of  blood  flow-  It  seems  much  more  reasonable  to  suppose  that  the  presence 
nf  the  above  sul)siauces  in  the  blood  excites  tbe  renal  epithelium  cells  to  an 
unwonted  activity,  causing  them  to  pour  into  the  interior  of  the  tubules  a 
copious  t^ecretion .  j ust  as  the  presence  of  pilocarpine  in  tbe  blood  will  cause 
the  Halivarv  cells  to  pour  forth  their  necretion  into  the  Inmen  of  their  duets; 
and  that  this  activity  of  the  epithelium  celts  is  accompanied,  also  as  in  the 
CAM  of  the  submaxillary  and  other  glands,  by  a  vascular  dilatation,  which, 
though  adjuvant  and  l>eneticial,  is  not  the  distinct  cause  of  the  activity. 
This  view  is  further  supported  by  the  following  remarkable  experiment, 
which  goes  far  to  show  that  of  the  various  substances  which,  having  found 
their  way  into  the  blood,  are  thrown  out  by  the  kidney,  some  pass  into  the 
urine  through  the  glomeruli,  while  others  are  distinctly  secreted  by  the  lubuli 
oriniteri,  the  discharge  of  the  latter  being  accompanied  by  a  genera!  activity 
of  the  secreting  cells,  as  shown  by  the  flow  oi  water  taking  place  at  the 
same  time. 

In  the  amphibia  the  kidney  has  a  double  vascular  supply  ;  it  receives 
arterisi  blood  from  the  renal  artery,  but  there  is  also  poured  into  it  venous 
biood  from  another  source.  The  femond  vein  divides  at  the  top  of  the  thigh 
into  two  branches,  one  of  which  runs  along  the  fn^mt  of  the  abdomen  to 
meet  its  fellow  in  the  middle  line  and  form  the  anterior  abdominal  vein, 
while  the  other  passes  to  the  outer  Iwirder  of  the  kidney  and  brauches  in  the 
■obstanoe  of  that  organ,  forming  the  so-calle<l  renal  portal  system.  Now 
tbe  i;lomeruli.  in  itome  species  at  least  of  these  animals,  are  supplied  exclu- 
sively by  the  branches  of  the  reiial  artery,  the  renal  vena  portw  only  serving 
to  form  the  capillary  plexus  around  the  tubuli  uriniferi,  which  is  also  sup- 
plied by  the  eflerent  vessels  of  the  glomeruli.  From  this  it  i?  obvious  that 
if  the  renal  artery  be  tied,  the  blood  is  shut  ofl  entirely  from  the  glomeruli ; 
anil  actual  observatiun  of  the  kidney  has,  in  the  animals  in  question,  shown 
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that  UDder  these  circuiuatances  there  is  no  reflux  from  the  capillary  network 
surroundiug  the  tiihnley  back  to  the  gh>meruli ;  thus  the  kidney  by  this 
fliniple  operiitton  is  transformed  into  an  ordinary  secreting  gland  devoid  of 
any  speoial  filtering  mechanism.  Such  a  kidney  may  be  used  to  ascertain 
what  substances  are  excretefl  by  the  glomeruli,  and  what  by  the  tubules  in 
some  other  part  of  their  course.  It  is  foiuirl  that  urea  injected  into  the 
blood  gives  rise  to  a  secretion  of  urine  when  the  renal  arteries  are  tied  ;  thi.-^ 
gubstance,  therefore,  is  secreted  by  the  epithelium  of  the  tubules,  and  in 
being  so  secreted  gives  rise  at  the  same  time  tt)  a  iiow  of  water  through  the 
cells  into  the  interior  of  the  tubules.  Sugar  and  peptones,  on  the  other 
hand,  which  injected  into  the  blood  readily  pass  through  the  untouched 
kidney  and  appear  in  the  urine,  do  not  pass  through  a  kidney  the  renal 
arteries  of  which  have  been  tied,  even  when  a  diuretic  such  aa  urea  is  given 
at  the  same  time  in  order  to  secure  a  flow  of  urine.  These  subatances,  there- 
fore, are  excreted  by  the  glomeruli. 

The  validity  of  this  exj>erin]etil,  which  may  be  accepted  as  indicating  a 
marked  difTerenoe  between  glomerular  secretion  on  the  one  hand  and  epithe- 
lial or  tubular  secretion  on  the  other,  depends  on  the  absence  of  any  collateral 
circulation  whereby  the  glomeruli  may  he  supplied  with  blood  after  ligature 
of  the  renal  artery.  In  these  animals  anaatomosea  occur  between  the  renal 
arteriey  and  the  arteries  of  the  generative  organs ;  anil  uulcKiTthe  renal  artery 
be  so  tied  as  to  avoid  these  collateral  communications  the  reaulta  of  the  ex- 
periment are  ditterent. 

Additional  evidence  in  favor  of  the  8cc^eto^y  activity  of  the  epithelium 
cells  is  aflorded  by  the  following  observation.  Into  the  veins  of  animals  in 
which  the  urinary  flow  had  been  arre«te<l  by  section  of  the  spinal  cord  below 
the  medulla  a  quantity  of  the  blue  coloring  material  known  as  sodium 
sulphindigotate'  is  injected.  This  substance  is  rapidly  excreted  ou  the  one 
hand  by  the  liver  in  the  bile,  and  on  the  other  hand  by  the  kidney.  By 
varying  the  quantity  injected,  killing  the  aninmU  at  appropriate  times  at\er 
the  injection  of  the  material,  and  examinmg  the  kidneys  microscopical ly  and 
otherwise,  it  may  be  ascertained  that  the  pigment  so  injected  passes  from  the 
blood  into  the  renal  epithelium,  and  front  thence  into  the  channels  of  the 
tubules.  There  being  no  strejim  of  fluid  through  the  tubules,  owing  to  the 
arrest  of  urinary  How  by  means  of  the  preliminary  operation,  the  pigment 
travels  very  little  way  down  the  interior  of  the  tubules,  and  remains  very 
much  where  it  was  cast  out  by  the  epithelium  cells.  There  are  no  traces 
whatever  of  the  pigment  having  passed  by  the  glomeruli ;  and  the  cells 
which  appear  most  distinctly  to  take  up  and  eject  it,  are  those  lining  such 
portions  of  the  tubules  (viz.,  the  first  and  second  convoluted  tubules,  zig'zag 
tubules  and  ascending  limlia  of  the  loop  of  Henle)  as  from  their  micro- 
scopic features  have  been  supposed  to  ne  the  actively  secreting  portions  of 
the  entire  tubules.  The  following  observation  which  has  been  made  is  of  a 
peculiarly  interesting  character.  After  injecting  a  certain  nuantity  of  pig- 
ment, aud  aliowing  such  a  time  to  elapse  as  might  lie  judged  from  previous 
experiments  would  suflice  for  the  passage  of  the  material  through  the  epithe- 
lium to  be  pretty  well  completed,  a  second  quantity  was  injected.  It  was 
found  that  the  excretion  of  this  second  quantity  was  most  incomplete  aod 
imperfect.  It  seems  as  if  the  cells  were  exhausted  by  their  previous  eflorta, 
just  as  a  muscle  which  has  been  severely  tetanized  will  not  respond  to  a 
renewed  stimulation. 

The  above  observation  may  be  objected  to  on  the  ground  that  this  coloring 
matter  does  not  occur  as  a  constituent  of  the  blood  either  in  health  or  disea^^e. 
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ukI  eenecially  that  the  alisence  of  auy  concomitant  discharge  of  fluid  from 
the  cells  excites  suspicion  that  the  ppocesa  observed  was  not  really  one  of 
TCcretion ;  for  the  injection  of  such  substances  as  urea  or  urates  into  the  blood 
does  cause  a  copious  How  of  fluid,  aiul  indeed  thus  prevents  the  micro:«copic 
tracking  out  of  iheir  passage,  which  in  the  case  of  urates  niipht  otherwise  be 
dosM  much  in  the  same  way  &«  with  themxtium  ^ulphitidigotate.  Moreover 
other  observers  have  maintained  tluit  the  sodium  ftulphindigotate  doe^  like 
ordinary  carmine  pass  through  the  glomeruli.  But  their  results  may  prob- 
ably be  explained  by  the  glomeruli  having  been  damaged  by  a  too  rapid  or 
loo  abundant  injection  ;  and  in  the  case  of  the  amphibian  kidney,  when 
stxlium  enlphindigotaie  is  injected  after  ligature  of  renal  arteries,  no  urine  is 
found  in  the  bladder,  but  the  pigment  can  be  traced  through  the  epithelium 
of  the  secreting  pf>rtion»  of  the  tubules.  Without  insisting  too  iimcb  on  the 
value  of  the  sodium  sutphindigotate  experiments,  they  may  be  taken  as  fairly 
flupporting  the  view  which  we  are  considering.  We  may  add  that  in  birds, 
the  urine  of  which  contains  little  water,  urates  may  be  detected  in  the  epithe- 
lium of  the  tubules  but  not  in  the  capsules. 

Though  much  remains  to  be  cleared  up,  we  may,  for  the  present,  conclude 
that  the  secretion  of  urine  does  consist  of  two  separate  and  distinct  acta: 
Movetion  by  the  glomeruli,  which  we  may  for  brevity's  sake  speak  of  as 
gtomenilar  secretion,  and  secretion  by  tlie  epithelium  of  the  tubuli,  which 
we  may  spenk  of  similarly  as  tnbuhir  secretion.  But  these  forms  of  secretion, 
especially  the  former  but  to  a  ceruiin  extent  the  latter  also,  differ  from  the 
•ecretion  of  such  a  gland  as  the  salivary,  and  both  deserve  some  special  con- 
gideration. 

S  418.  The  ttature  of  glomenUar  secretion.  We  have  seen  that  the  expan- 
sion of  the  kidney  which  has  for  its  accompaniment  an  increased  flow  of 
urine  is  one  brought  about  by  the  renal  artery  and  its  various  branches 
becoming  dilated,  under  such  circumstances  that  the  difference  between  the 
blood'preseure  in  the  aorta  at  the  nioutb  of  the  renal  artery  and  the  bliXKl- 
prevure  at  the  vena  cava  at  the  mouth  of  the  renal  vein  is  at  the  same  time 
increased,  or  at  all  events  is  not  diminished.  We  say  the  renal  artery  and 
its  various  branches  since  our  present  knowledge  will  not  enable  us  to  make 
a  more  exact  statement.  It  is  of  course  possible  that  nervous  impulses  pass- 
ing aloDg  particular  nerve  fibres  should  confme  their  efforts  to  relaxing  the 
coats  of  the  vasa  aflerentia  of  the  glomeruli  and  not  paas  to  the  other  branches 
of  the  renal  artery,  in  which  case  the  circulation  of  the  glomeruli  would  be 
exclusively  (or  nearly  so)  affected  ;  but  of  this  at  present  we  know  nothing, 
and  the  general  argument  remains  good  if  we  speak  simply  of  the  branches 
of  the  renal  artery  as  a  whole. 

In  dealing  with  the  vascular  system  we  saw  that  relaxation  of  a  small 
art«ry,  taking  place  without  any  marked  change  in  the  general  blood-pres- 
sure and  in  neighboring  arteries,  leads  to  a  fuller  and  more  rapid  stream  of 
hUtod  through  the  capillaries  supplied  by  the  artery,  and  that  at  the  same 
time  the  pressure  in  the  capillaries  themselves  is  increased;  owing  to  the 
decrease  of  peripheral  resistance  through  the  w*idening  of  the  arierv,  the 
pfreat  fall  of  pressure  (see  ^  llGi  so  characteristic  of  the  peripheral  region  is 
«hiAed  fVrtm  (he  arterial  side  of  the  capillaries  toward  the  venous  side  and  to 
the  capillaries  themselves. 

Heooe.  as  we  have  already  said,  when  the  renal  artery  dilat^ss  two  things 
happen  in  the  loops  of  the  glomeruli :  a  fuller,  more  rapid  stream  of  blood 
!>■— en  through  them,  and  that  bloo<t  as  it  flows  through  them  is  exerting  a 
greater  pressure  than  before  on  their  walls.  How  dues  each  of  the  eventa 
stand  toward  the  secretion  of  urine  ? 

We  have  not  at  present  the  means  of  inducing  a  fuller  and  more  rapid 
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flow  without  increa«tng  the  pressure;  but  we  niAv  easily  ohtjiin  increase  of 
preisure  without  the  fuller  and  more  rapid  riow.  If  we  hinder  or  obstruct 
the  outflow  through  the  renal  vein  we  at  once  iucreaae  the  nresRure  in  the 
glomerular  loops  as  in  the  other  capillaries  of  the  kidney.  Now,  when  the 
blood-pressure  in  the  glomeruli  is  thug  raiseti  by  partial  obstruction  to  the 
venous  outflow,  the  flow  of  uriue  so  far  from  beiuf?  increased  is  diminished. 
Obviously,  then,  the  passa^^  of  water  and  material  through  the  walls  of  the 
glomerular  loops,  to  go  to  form  the  urine,  is  not  the  result  of  mere  pressure, 
and  cannot  thenetbre  be  spoken  of  properly  as  a  process  of  filtration. 
(Cf.  §  303.)  And  we  may  here  draw  a  comparison  beHveen  the  passage  of 
water  and  material  through  the  wall  of  a  capillary  in  an  ordinary  situation 
to  form  lymph  and  the  passage  through  the  wall  of  the  glomerular  loop  to 
form  urine  or  part  of  urine.  The  former,  as  we  have  seen  (§  303),  appears 
to  be  directly  dependent  on  pressure,  though  influenced  as  we  have  also  seen 
in  a  ven.'  material  way  by  the  condition  of  the  va^ular  wall;  and  hindrance 
to  venous  outHow,  so  inefficient  in  promoting  a  flow  of  urine,  is  as  we  have 
seen  especially  favorable  to  the  transudation  of  lymph.  lu  the  former  caMt 
the  subslanc^es  which  paas  through  the  capillary  wall  may  be  described  as  the 
constituents  of  the  blood  generally,  proteids  as  well  as  salts  and  other  soluble 
and  diffusible  matters.  Through  the  wall  of  the  glomerular  loop  there  pa^i, 
so  long  as  that  wall  is  sound  and  intact,  neither  albumin  nor  globulin  nor 
fibrin  factor,  but  ^tnly  water  accompanietl  by  some,  and  apparently  a  selection 
of  some,  of  the  soluble  diflusible  constituents  of  the  blooil ;  for,  as  we  have 
said,  the  presence  of  proteids  in  normal  urine  is  contested,  and,  at  most,  there 
is  present  a  very  small  quantity  only  (which  moreover  may  come  from  the 
tubular  epithelium).  This  diflereuce  in  the  material  which  passes  through 
may  be  referred  to  the  differences  in  the  nature  of  the  partition.  The  trans- 
udation of  lymph  lakes  place  through  the  capillary  wall;  between  the  blood 
on  one  side  and  the  Ivmph  in  the  lymph-space  on  the  other  is  only  the  thin 
tilm  of  conjoined  epithelioid  plates.  But  the  correswmding  wall  of  the 
glomerular  loop  is  covered  over  and  wrapped  arouna  so  to  speak  by  an 
adherent  layer  of  cells,  which  though  reduced  and  thin  are  still  epithelial 
cells;  the  materials  which  go  to  form  urine  have  to  pass  through  these  cells 
as  well  as  through  the  flim  of  epithelioid  plates.  It  seems  to  be  this  layer  of 
cells  which  determines  what  shall  pass  and  what  shall  not. 

Obviously  the  passage  through  this  epithelium  is  of  a  peculiar  nature. 
The  necessary  condition  lor  the  due  accomplishment  of  the  passage  is  as  we 
have  seen  a  full  and  rapid  stream  of  (arterial)  bh^xl ;  the  high  pressure 
which  accompanies  that  full  and  rapid  stream,  though  probably  under  normal 
circumstances  an  adjuvant,  is  by  itself  helpleat.  Thus  when  the  pressure  is 
raised  by  venous  ol»6truction.  in  which  case  the  high  pressure  is  accompanied 
by  a  slow  stream  or  by  actual  arrest  of  the  flow,  even  the  passage  of  mere 
water  is  retarded.  Seeing  that  many  of  the  constituents  of  urine  are  dif- 
fusible substances  certainly  preexisting  in  the  blood,  inorganic  salines  for 
in:?tance,  and  seeing  that  if  we  may  trust  the  experiments  on  the  amphibian 
kidney  spoken  of  above,  diflusible  abnormal  constituents  of  blood,  such  as 
()eptone  and  sugar,  pass  into  the  urine  not  by  the  tubular  epithelium  but  by 
the  glomeruli,  we  might  expect  that  diflusion,  in  contrast  to  filtration  (see 
!^  al3),  playe<:l  an  important  part  in  the  passage;  and  a  fiill  rapid  stream 
would  undoubteiliy  favor  difl'usion.  But  diflusion  by  itself  will  not  explain 
matters.  Egg-albumin  diflers  very  slightly  as  regards  ditlusihiiity  from 
serum-albumin,  and  yet  while  at  the  most  a  minute  quantity  only  of  the 
latter  passes  into  the  urine  in  normal  circumstances,  the  former  when  injected 
into  the  blood  at  once  makes  its  way  into  the  urine,  presumably  by  the 
glomerulL     On  the  other  hand  urea  is  an  eminently  diflusible  body,  and  yet 
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if  we  can  trust  the  experiments  on  the  amphibian  kUliiey,  the  main  mass  at 
all  eveiiu  of  the  urea  of  the  urine  passes  by  the  epithelimu  i»i'  the  tubules. 

The  imfH)rtaut  part  played  by  theepithehum  i^jshuwu  when  tbo  epithelium 
u  ilen&nged.  If  the  renal  artery  be  tcmpururily  li^ntnred  nr  oLherwise 
obtstructed,  90  that  the  glomeruli  are  shut  iiH'  i'n)ni  their  blofMl-tiUpply  fur 
some  little  lime,  the  secretion  of  urine  is  stopjied ;  un  ret'stahli^hment  of  the 
circulatiuD  the  aeoreliou  of  urine  slowly  retunm,  aud  the  urine  i?  then  found 
to  b«  albuminous,  refiiaiuiiig  so  for  some  little  time.  The  »erum-iilbumiQ 
and  globulin  which  could  not  pass  through  the  iiitaoL  epithelium,  can  pits.s 
through  wheo  the  epithelium  h  damaged  by  interference  with  its  nutrition. 
The  appearance  of  albumin  in  the  urine  (albuminuria^  is  a  nut  infrequent 
ffrmptom  of  kidney  disease,  and  its  presence  in  other  than  minute  quantities 
indicates  im[>eriectious  in  the  glomerular  epithelium.  But  even  under 
anheaithy  conditions  that  epithelium  still  governs  to  a  certain  extent  the 
pMWge  of  material ;  for  the  proteiiitt  of  the  blood-plasma  do  not  pass  through 
CMxiily  or  in  a  proportion  which  corresponds  either  to  the  relative  proportion 
in  which  they  exist  in  the  [dasma  or  to  the  relative  ease  i,or  difficulty)  with 
which  they  pass  through  membraues.  Though  the  "albiimiu'^  of  albu- 
miiioas  urine  frequently  consists  of  both  serum-albuintn  ami  glnhnlin.  tlie:^ 
do  not  necessarily  occur  iu  the  same  proportion  as  in  hUxid ;  ihey  vary  iu 
urine  much  more  than  they  do  in  blood;  and  indeed  the  one  or  the  other 
tuay  be  absent;  moreover  fibrin  factors  are  very  rarely  found, 

Hiemoglobinuria,  or  the  presence  of  hiemoglobin  iu  urine,  may  he  brought 
t  by  injecting  into  the  bloodvessels  laky  blood,  or  some  stibstant-e  such 

pyrogallic  acid,  which  will  "break  up"  the  corpuscles  of  the  blood.  Now, 
iu  such  cases  there  is  evidence  that  the  hicmogiobin  passes  through  the 
glomeruli;  minute  disc-like  masses  of  hu:moglobiu,  the  so-called  "menisci," 
are,  by  appropriate  methods  of  preparation,  found  iu  situ  in  the  ca|>8ulefl. 
Such  a  passage  is  very  far  removed  from  being  a  process  of  diffusion. 

We  may  conclude,  then,  that  the  passage  of  material  through  the  glom- 
eruli, like  the  inmandation  of  lymph,  and  even  to  a  more  marked  extent, 
is  a  complex  aUair  in  which  the  ordinary  physical  processes  of  ditiusiou  and 
iiltratiou  may  play  their  j>art,  but  are  not  masters  of  the  situation. 

§  419.  The  vork  of  ike  epiiht'lium  of  the  iuhnlef^.  As  we  have  said,  the 
tfUnctural  features  of  the  epithelium  cells  of  the  tubules  seem  to  justify  the 
eoDcJusion  that  they  exercise  a  secretory  activity  comparable  with  that  of  a 
•alirvy  or  a  gastric  gland.  But  their  work  is  in  many  ways  {peculiar.  In 
tb«  caaeof  the  salivary,  gastric,  and  pancreatic  glands  there  can  be  no  doubt 
that  the  specific  oon»tiiueni.s  of  the  several  secretions,  mucin,  pepsin,  trypsin. 
and  the  like,  are  manufactured  in  the  alveolar  cells  out  of  antecedents  of 
aoMa  nature  or  other.  The  evidence,  us  we  have  seen,  is  all  against  the 
▼WW  that  these  glands  merely  withdraw,  secrete  in  the  old  sense  of  the  word. 
from  the  blood  these  substances  preexisting  in  the  htood.  When  the  salivary 
glands  are  extirpated,  or  the  pancreas  or  the  stomach  removed,  there  is  no 
ttOOiUDulation  in  the  blood  of  the  specific  constituents  of  the  correspfjnding 
aeereliona.  80  also  when  the  liver  is  extirpated  there  ia  no  accumulation  in 
tba  blood  of  either  bile  acids  or  bile  pigment.  With  regard  to  the  kidney 
and  the  most  important  constituent  of  urine,  namely,  urea,  the  case  is  differ- 
ent. If  the  kidneys  in  a  mammal  be  exiirimted,  or  if  the  kidneys  by  disease 
or  by  ligature  of  the  ureters  be  so  damaged  as  to  be  unable  to  carry  on  their 
W'jf  k.  an  accumulation  takes  place  in  blood,  not  as  whs  once  thought,  of  some 
aotecedeot  of  urea,  such  as  creatin.  but  of  urea  itself.  In  the  case  of  birds 
and  reptiles  which  excrete  not  urea,  but  chiefly  uric  acid,  the  accumulation 
ta  on^  of  uric  acid.  Obviously  in  secreting  urea  the  work  of  the  epithelium 
of  tba  tubules  is  largely,  if  not  exclusively,  confined  to  simply  picking  the 
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ure-ti  out  of  the  blood  and  pushing  ti,  so  to  speak,  iuto  the  lumina  of  the 
tubules.  We  might,  perhaps,  say  exclusively,  for  there  is  uo  evidence  that 
any  urea  at  all  is  actually  manufactured  in  the  kidney. 

But  even  thiu  mere  picking  up  the  urea  is  afler  all  not  a  simple  process; 
the  epithelial  cell  of  the  tubule  is  itot  a  mere  pa^ive  sieve  of  peculiar  struc- 
ture, especially  adapted  to  strain  oH  the  urea  from  the  blood.  As  we  have 
already  Hcen,  when  urea  or  uric  acid  is  injected  into  the  blood  the  result  is 
not  a  mere  increase  in  the  proporlions  of  urea  (or  uric  acid)  present  in  the 
urine  which  is  being  secreted.  The  injection  leada  to  an  increased  jio*v  of 
nrine^  the  whole  activity  of  the  cell  is  stirred  up.  and  other  coosiitueuts,  not 
at  the  niomcia  like  the  urea  existing  in  excess  in  the  blood,  are  discharged 
into  the  Inrnina  *A'  the  tubules  together  with  the  urea. 

How  the  urea,  which  is  in  thin  peculiar  manner  taken  out  of  the  blood, 
comes  to  make  \\m  appearance  in  the  blood  is  a  problem  in  which  the  kidney 
is  nob  cuucerued,  and  with  which  we  shall  deal  in  treating  of  the  metabolic 
events  of  the  body  generally. 

§  420.  In  the  case  of  some  other  coustituenla  of  the  urine  we  have  evidence 
that  the  celU  do  something  more  than  simply  pick  the  constituent  out  of  the 
bhtod.  Hippuric  acid,  as  we  have  seen,  occurs  in  small  quantity  in  the  urine 
of  man^aud  in  larger  aniount  in  the  urine  of  herbtvora.  Now,  hippuric  acid 
may  be  formed  by  the  combination  with  dehydration,  of  benzoic  acid  and 
glycin  (C^HgO, -f  CJI.NO^  —  H^O  C-^HgNOj);  and  benzoic  acid  intnn 
duced  into  the  alimentary  cunni  m-  injected  into  the  blood  reappears  in  large 
measure  in  the  urine  as  hippuric  acid.  Somewhere  in  the  body  the  benzoic 
acid  meets  with  andcunibiue^  with  glycin.  And  we  liave  experimental 
proof  that  the  combination  may  and  probably  does  take  place  in  the 
kidney. 

If  a  circulation  of  blood  be  kept  up  through  the  bloodvessels  of  the  kidney 
freshly  removed  from  a  living  animal,  and  benzoic  acid  and  glycin  be  added 
to  the  blood  as  it  is  about  to  enter  into  the  kidney,  hippuric  acid  will  be 
found  in  the  blood  issuing  from  the  kidney,  especially  if  the  same  blood  be 
paseed  through  the  kidney  several  limes:  the  blood  used  must  be  blood  con- 
taining oxy-lifenioglohin,  carbonic-oxide-htemoglobin  not  producing  the  effect. 
The  mere  mixing  with  the  blood  itself  is  insutiicient ;  and  if  the  blood  be 
sent  not  thntugh  a  kidney  juat  remove<l  from  the  living  body,  but  through 
one  taken  frojo  a  dead  body  or  one  which  has  been  lelt  to  itself  for  some 
time  after  reuiot^al  from  a  living  body,  the  synthesis  will  not  be  etfected.  To 
carrv  out  the  eomhinaiion  by  moans  of  the  kidney  which  has  been  removed 
Ironi  the  body,  the  kidney  must  retain  for  a  while  its  own  'ife,  it  must  be  a 
"surviving"  kidney.  Nor  in  it  absolutely  necessary  to  bring  the  benzoic 
acid  and  glycin  to  (he  kidney  by  means  of  a  blood-stream.  If  a  **  surviving" 
kidney  be  divided  rapidly  into  small  pieces  and  the  benzoic  acid  rapidly 
mixed  with  the  pieces,  hi]>puric  acid  is  formed.  Nor  is  it  necessary  to  fur- 
nish the  glycin.  If  benzoic  acid  alone  be  used,  hippuric  acid  is  formed  all 
the  same.  Glycin,  as  we  have  previously  said,  cannot  be  recognized  as  a 
normal  constituent  of  any  of  the  tissues ;  nevertheless,  as  we  have  seen  in 
speaking  of  glycocholic  acid  in  the  biie,  and  as  we  shall  see  later  on,  glycin 
must  make  a  momentary  ftp|warance  in  various  metabolic  processes  of  the 
body,  being  immediately  on  its  appearance  converted  int*:»  something  else,  &o 
that  it  never  remains  as  glycin.  It  apparently  is  formed  in  the  kidney,  and 
is  thus  momentarily  available  for  the  conversion  of  benzoic  into  hippuric 
acid. 

It  seems  probable,  therefore,  that,  with  regard  to  this  particular  con- 
stituent of  urine,  hippuric  acid,  the  cells  of  the  tubules  have  the  [>ower  of 
effecting  a  combination  between  the  benzoic  acid  brought  to  them  by  the 
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blood  and  the  glyciu  which  they  furnish  by  meaiis  of  their  own  metaboliflDi, 
and  in  this  way  produce  hippuric  acid. 

Not  only  benzoic  acid,  but  many  other  bodies  taken  into  the  system, 
reappear  in  the  urine  combined  with  glycin,  and  in  their  cases  also  the 
combination  probably  takes  place  through  the  activity  of  the  cells  of  the 
tubulee  of  the  kidney.  Aloreover.  other  changes  than  the  assumption  of 
jflycin,  the  various  change?*  which  many  chemical  .sulwtaiicea  taken  into  the 
•mem  undergo  before  reap|)eHring  in  the  urine,  probably  also  take  place  to 
a  large  extent  in  the  kiduey,  and  are  afso  carried  out  by  means  of  the 
epithelium  of  the  tubules. 

What  other  conatitueDt«  of  normal  urine  are  produced  in  this  or  a  similar 
manner  we  do  not  as  yet  definitely  know.  The  pigment  urobilin,  which,  as 
we  have  seen,  is  8up[>ofled  to  be  a  derivative  from  bilirubin,  may  be  brought 
ready-formed  from  the  Hver  or  may  have  the  Huishing  touches  given  to  it  in 
the  kidney  itself;  and  the  other  normal  or  abnormal  urinary  pigments  pos- 
sibly arise  either  directly  from  hsemoglobiu  or  indirectly  from  that  body 
through  the  biliary  pigment  by  a  transformation  taking  place  in  the  cetls  of 
the  tubules.  There  is  also  evidence  in  frogs  that  acid  sodium  phosphate  is 
fiiniishe^l  by  the  cells  of  the  tubules. 

In  conclusion,  then,  we  may  say  that  the  activity  of  the  epithelium  of  the 
kidney  appears  especially  modified,  as  compared  with  other  sei^reiing  glands, 
u>  meet  the  special  object  which  the  kidney  has  to  secure.  The  purpose  of 
the  kidney  is  not  to  provide  a  fluid,  urine,  which  can  be  made  use  of  for  the 
needs  of  the  bo<ly,  but  to  caHt  out  waste  matters  from  the  l>ody.  Hence  its 
secretory  activity  is  limited  largely  to  the  mere  discharge  of  matters  which 
reach  it  preexistent  in  the  blood,  though  in  several  case«  it  gives  the  final 
shape  till  the  excreted  substance  before  it  passes  into  the  ureter. 

§  421.  We  may  illustrate  the  preceding  discussious  by  briefly  passing  in 
review  some  of  the  more  usual  ways  in  which  the  secretion  of  urine  is  in 
ordinary  life  modified. 

Id  the  preceding  section  the  composition  of  urine  was  illustrated  by  the 
daily  output  of  the  several  constituents,  rather  than  by  a  [jercentage  account 
of  any  sjjecimen  of  uriue.  for  the  reason  that  the  composition  of  uriue  varies 
within  extremely  wide  limits.  This  is  especially  the  case  as  regards  the  pro- 
portion of  water  to  solids.  One  urine  may  be  of  high  s()ecific  gravity  with 
a  small  amount  of  water  relatively  to  the  solids,  while  another  may  have  so 
IttUe  color  and  such  a  low  specific  gravity  as  to  ap|)ear  hardly  more  than 
water.  The  reason  of  these  extreme  differences  lies  iu  the  fact  that  the 
kidney  is  not  ouly  the  channel  by  which  waste  solids  leave  the  ho<fy,  but 
also  an  important  outlet  for  the  discharge  of  the  stream  of  water  which,  iu 
order  that  the  various  proceesesof  the  body  may  be  duly  carried  on,  is  con- 
tinually patting  through  the  system.  It  is  frequently  of  advantage  to  the 
body  to  oischarge  through  the  kidnev  a  large  amount  of  water,  more  or  less 
iireapective  of  tne  solid  matters  which  are,  so  to  speak,  washed  away  with 
It;  and  hence  the  advantage  of  the  glomerular  mechanism  so  s(>ecially 
adapted  for  the  special  discharge  of  water. 

At  we  shall  see  presently,  to  the  skin  al»o  falls  the  duty  of  discharging 
large  tjuantities  of  water.  The  respiratory  organs  also,  as  we  have  seen, 
•erve  for  the  discharge  of  water  ;  but  the  amount  which  the  latter  put  out 
cat!  only  be  varied  by  the  inconvenient  metluKl  of  increasing  or  diminishing 
the  whole  act  of  breathing.  Hence  we  find  special  relations  between  the 
ftkiu  uud  the  kidneys,  correlating  the  work  of  the  one  to  that  of  the  other  aa 
rr2(ard^  this  particular  work  of  the  discharge  of  water. 

When  the  biyly  is  exposed  to  cold  the  discharge  of  water  from  the  skin  in 
the  form  of  sweat  is  checked,  and  the  cutaneous  vessels  are  constricted.     At 


544 


THE    ELIMINATION    OF    WA3TE    PRODUCTS. 


the  Bame  time  the  bloudvessels  of  the  abdomiiml  vescera,  including  the  kid- 
neys, are  dilated,  but  not  out  of  proportion  to  the  conatriclion  of  the  cuta- 
ueous  vessels,  fur  the  general  blood- uref«ure  dtjes  not  fall,  but  if  anvthin^ 
rifles  somewhat.  Thua  there  is  estamifihed  juf»t  the  state  of  things  wLicb  is 
favorable  to  a  full  and  rapid  stream  of  blood  tlirough  the  renal  glomeruli, 
aud  an  increased  flow  uf  urine  result-s.  It  is  possible,  wo  may,  t)erhaps.  say 
probable,  that  the  nervous  system  atlbrds  a  special  tie  between  tne  skin  and 
the  kidney,  so  that  under  the  circun^stancea  in  queMioa  the  renal  arteries  are 
dilated  even  more  than  those  of  the  other  nbdomina!  viscera;  hut  this  has 
not  been  proved  experimentally.  It  is  also  pussible  that  by  another  reflex 
mechaniKm  of  the  <*entral  nervous  system  the  skin  may  work  upon  the  kid- 
ney, not  by  the  vasomotor  nerves  alone,  but  also  by  nerves  governing  the 
secretory  activity  of  the  tubuleti;  but  we  have  no  satisfactory  indications  of 
any  such  mechanisms,  and  it  seems  more  probable  that  the  connection  should 
be  with  the  glomerular  niechanisui,  since  the  chief  object  at  all  events  is  to 
get  rid  of  water. 

Ctmversely^  when  the  body  is  exposed  to  warmth  the  skin  perspires  freely 
and  the  cutaneous  vessels  are  widely  dilated  ;  and  ccjuversely  also  the  renal 
and  other  abdominal  vessels  are  constricted,  so  that  a  slow  and  small  stream 
of  blood  trickles  through  the  glomeruli,  and  the  urine  which  is  secreted  is 
scanty. 

§  422.  Even  more  important  than  its  relatioiiB  to  the  skin  are  the  relations 
of  the  kidney  to  the  water  absorbed  by  the  nlimeutary  canal ;  this  is  esj>eci- 
ally  seen  when  large  quantities  of  tluid  arc  drunk.  The  whole  of  the  water 
thus  intro<luced  into  the  alimentary  canal  passes  into  the  blood,  for  in  a 
healthy  organism  no  amount  of  fluid  <lrunk,  unless  it  throws  the  economy 
rtut  of  order,  can  effect  the  amount  of  water  present  in  the  feces.  But  the 
addition  to  the  blootl  of  even  a  very  large  (juantity  of  fluid  does  not,  ii^  we 
have  seen,  by  its  mere  fjuaniity  [S;  186),  increase  the  general  blood-pressure, 
and  therefore  cannot  in  this  way  produce  what  it  undoubtedly  does  produce, 
an  increased  flow  of  urine. 

The  fluid  so  absorbed  may  act  on  the  kidney  in  two  ways.  On  the  one 
hand,  as  we  have  seen  (  S  415),  the  injection  of  water  into  the  blood  produces 
a  local  dilatation  of  the  renal  vessels,  as  indicjited  by  the  swelling  of  the 
kidney.  Thua  the  absorption  of  mere  wat-er  from  the  alimentary  cjiual  may 
stir  up  to  greater  activity  the  glomerular  mechanism,  and  in  so  doing  may 
be  assisted  by  the  jiresence  of  various  substances  absorbed  from  the  alimen- 
tary cunal  with  the  water,  for  some  of  these  also  may  similarly  lead  to 
dilatation  of  the  renal  vessels. 

On  the  other  hand,  some  or  other  of  the  chemical  bodies  thus  passing  inUi 
the  blood  with  the  water  drunk  may  excite  the  secretory  activity  of  the 
tubules,  and  that  either  by  acting  directly  ou  the  epithelium  as  they  are  car- 
ried through  the  kidney  in  the  blood  of  the  renal  arteries,  or  indirectly 
through  souie  intervention  of  the  central  nervous  system. 

Our  knowledge  is  at  present  too  scanty  to  enable  us  to  decide  which  of 
these  two  methods  is  the  one  usually  employed  by  the  organism  ;  but  the 
inordinate  flow  of  urine,  so  poor  in  solids  as  to  be  little  more  than  water, 
which  may  be  directed  through  the  kidney  by  means  of  an  adequate  **  drink- 
ing bout,"  would  lead  us  to  concltKie  that  in  such  cases  the  organism, striv- 
ing, though  too  oflen  in  vain,  to  free  it»elf  from  the  evils  to  which  it  is  being 
subjected,  has  recourse  rather  to  the  simpler  glomerular  mechanism  than  to 
the  more  expensive  tissue-wasting  activity  of  the  tubules ;  and  the  urine  in 
such  cases  probably  discharged  chiefly  by  the  method  of  dilating  the  renal 
Is  and  thus  throwing  the  poisoned  blood  into  the  glomeruli. 

When,  however,  fluid  is  taken  »tmply  as  a  pro|>er  accompanimeut  of  solid 
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rood,  the  increaae  of  urine  which  resuita  iiiia  probahJy  another  origin. 
we  hiive  already  said,  and  as  we  shall  point  tiut  more  lutler  later  on,  the 
abaorption  of  proleid  material,  which  is  a  conatitnen!  an*l  generally  a  con- 
tpicuoua  constitnent  of  every  meal,  leads  to  a  formation  of  urea;  and  urea, 
■a  we  have  aeen  reason  to  believe,  directly  stimuIateH  the  epithelium  of  the 
Uibulet  to  secretory  activity.  And  what  seems  prominently  true  of  urea  is 
probahly  true  of  many  other  pnMlucts  of  digestion  ;  so  that  the  iitereaaed 
now  of  urine  which  follows  an  ordinary  meal  accompanied  by  not  more 
thfto  the  ordinary  amouut  of  Huid,  is  the  r^ult  of  the  labors  of  the  epithe- 
lium of  the  tubules  as  well  as  of  the  foller  stream  of  btood  through  the 
glomeruli. 

^  423.  What  has  just  been  said  concerning  the  intiuenue  on  the  kiduey  of 
Jbod  and  water  may  be  applied  also  to  the  action  of  substances  which  being 
especially  eihcacious  in  promoting  a  How  of  urine  when  taken  into  the  body 
mre  called  '*  diuretics."  The  several  actions  of  various  diuretics  are  very 
Taried.  and  it  would  be  out  of  place  to  di^uss  them  fully.  We  may,  how- 
ever, say  that  while  the  action  of  :^ume  ap^iears  simple  that  of  others  is 
complex. 

^^uch  agents  as  sodium  acetate  and  potassium  nitrate  probably  produce 
eflect  chiefly  by  actiue  directly  on  the  kidney,  inducing,  as  we  have 
Men.  $415.  local  vascular  dilatation  and  so  working  on  the  glomeruli,  but 
probably  at  the  same  time  also  stirring  up,  after  the  faahiou  of  urea,  the 
epithelium  of  the  tubules  to  secrelory  activity,  the  accompanying  fuller 
•txeain  of  blood  through  the  whole  kidney  being,  as  in  the  caae  of  the 
nlirary  and  other  glands,  a  useful  adjuvant. 

The  diuretic  effect  of  such  an  agent  as  digitalis  is  probably  more  complex. 
By  increasing  the  cardiac  stroke,  and  at  the  same  time  conatricting  many 
small  vessels,  digitalis  raises  the  general  blood-pressure;  but  the  tendency  of 
the  increased  blood-preasure  to  increase  the  How  of  urine  may  be  counter- 
balanced by  the  constriction  of  the  renal  vessels  themselves.  And  while  it 
ie  a  matter  of  common  experience  that  digitalis  is  very  effective  as  a  diuretic 
in  cardiac  disease,  there  is  great  doubt  whether  it  really  acts  as  a  diuretic  in 
health  ;  in  cardiac  disease  it  probably  raises  the  blood-pressure  by  improving 
the  cardiac  stroke  and  not  by  constriction  of  the  bloodveeseb.  But  even  iu 
the  absence  of  cardiac  di»ca^,  digitalis  has  been  found  in  certain  cases  to  act 
aa  a  powerful  diuretic,  aud  in  these  cases  either  it  must  act  directly  on  the 
tabular  epithelium  or  its  etlects  in  constricting  the  renal  arteries  must  l>e  less 
than  it«  effects  on  other  smalt  arteries  vr  must  pass  off  before  the  influence 
of  the  heightened  blooil-pressure  has  disappearerl. 

§424.  Quite  removed  from  the  intervention  of  chemical  substances  in  the 

uod  and  yet  most  striking  is  the  influence  on  the  kiduey  of  the  central 
nervous  system.     The  r>otent  influence  of  emotious  in  promoting  the  secre- 
tion of  urine  is  proverbial,  and  the  general  features  of  "  nervous  '*  urine,  the 
water  increased  out  of  proportion  to  the  solid  constituents,  especially  seen  in 
the  "urina  hysterica,"  which  is  hardly  more  than  simple  water,  often  dis- 
charged in  enormous  quantity,  at  once  sugffests  the  view  that  impulses  orlgi- 
aating  iu  the  braiu  and  passing  down  to  the  kiduey  along  the  vaso-dilator 
fibrw,  of  whoee  existence  evidence  was  given  in  §4H,  lead  to  dilated  blood- 
vfMels  and  great  play  of  glomerular  activity,  without  [>erhaps  producing  any 
qAW  direct  eflect  on  the  economy  ;  though  poasiblv  the  same  emotions  by 
ttioitricting  the  cutaneous  and,  it  may  be,  other  vessels  may  raise  the  general 
^logd-presBureaudsohelp  the  dilated  renal  vessels.     In  the  case  of  the  uriue 
0^  hyBteria  we  are  tempted,  more  perhaps  than  in  any  other  instance,  to 
*^t  the  hint  previously  thrown  out  that  it  is  possible  for  the  vasa  affer- 
tttin  of  the  glomeruli  to  be  alone  dilated,  so  that  the  greater  part  of  the 
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renal  blood  is  directed  to  the  glomeruli  and  the  epithelium  of  the  tubules 
left  in  its  usual  quiet.     But  this  is  as  yet  pure  speculation. 

TuE  Discharge  or  Urine. 


§425.  Strucinre  of  the  ureter.  The  ureter,  like  the  large  ducts  of  o 
glands,  conaietfi  of  an  epithelium  resting  on  a  connecti^'e-tissue  baflis  strength- 
ened with  ]»lain  luuecular  libreu.  The  epithelium  \&  In  its  characters  inter- 
mediate between  that,  lining  the  nesophaguft,  which  as  we  have  seen  (is  221) 
resemblea  the  epidermis  of  the  akin  and  that  lining  the  ducts  of  the  glanda 
of  the  alimentary  canal.  Il  consists  not  of  a  .single  layer  but  of  three  or 
four  layers  of  cells.  The  lowermost  cells,  next  to  the  basement  membrane 
which  limits  the  connective- tissue  basis,  are  oval  cells  placed  vertically,  in 
one  or  two  layers.  The  cells  of  the  next  layer  are  irregular  in  form  and 
often  pear-shaped,  with  a  narrowing  process  dipping  down  between  the  cells 
l)elow.  Above  these,  forming  the  surface  of  the  epithelium,  is  a  layer  of  tUt 
or  of  Battened  cubical  celts.  All  the  cells  are  nucleated  and  there  are  no 
special  features  in  their  cell-substance. 

The  connective  tissue  is,  as  in  a  raucous  membrane,  delicate  immediately 
below  the  epithelium,  but  becomes  coarser  and  more  fibrous  in  its  outer  parts. 
The  muscular  Hbres  are  arrange<i  in  three  layers,  an  inner  longitudinal,  a 
thicker  middle  circular,  and  a  thinner  less  regular  outer  longitudinal  layer 
better  developed  in  the  lower  part  of  the  tube  than  elsewhere. 

Nerves  pasn  into  the  ureter  at  the  npi»er  end  from  the  renal  plexus  and  ai 
the  lower  end  from  the  spermatic  and  hypogastric  plexuses,  and  at  the  two 
ends  nerve-cells  are  scattered  ami»ug  the  nerve  fibres. 

The  pelvis  at'  the  kidney  is  an  expansion  of  the  upper  end  uf  the  ureter, 
and  i^  lined  by  an  epithelium  like  that  of  the  ureter,  which  is  continued  Into 
the  calyces  and  over  the  projecting  papillie  of  the  pyramids.  The  circular 
muscular  fibres  of  the  ureter  are  continued  over  the  pelvis  but  form  here  a 
relatively  thinner  layer,  white  both  longitudinal  layers  arc  very  scanty  and 
gradually  become  lost. 

At  its  lower  end  each  ureter  opens  by  an  oblique  opening,  serving  as  a 
valve  into  the  cavity  of  the  bladder. 

I; 426.  Slructitre  of  the  bladder.  The  epithelium  of  the  bladder  resembles 
in  its  characters  that  of  the  ureter,  but  the  appearances  presented  by  the  cells 
in  sections  of  prepared  bladders  will  naturally  vary  a  good  deal  according 
as  the  bladder  was  hardened  in  a  contracted  or  in  a  distended  state.  This 
epithelium  with  the  underlying  fine  connective  tissue  forms  a  mucous  mem- 
brane separated  by  submucous  connective  (issue  from  a  well-developed  mus- 
cular coat,  which  in  turn  is  invested  with  an  outer  coat  of  connective  tissue 
covered  over  the  greater  part  of  the  organ  with  peritoneum. 

The  well-develo|>ed,  plain  muscular  fibre-cells  which  constitute  this  mua- 
cular  coal  are  gathered  into  rounded  bundles  or  tlnttcned  bands,  which  in 
turn  are  arranged  in  a  plexiform  manner,  being  bound  together  by  con- 
nective tissue  carrying  bloodvessels  and  nerves.  The  direction  of  these 
bundles  is  not  very  regular,  but  they  may  be  regarded  as  forming  on  the 
inner  side  below  the  mucous  membrane  a  circularly  disposed  coat,  better 
developed  at  the  lower  part  of  the  bladder  around  the  opening  of  the  urethra 
than  elsewhere,  and  outside  this  a  hmgitudinally  disposed  coat,  the  longi- 
tudinal direction  of  the  bundles  l>eing  bettersocn  at  the  front  and  back  than 
at  the  sides.  Many  of  the  bundles  and  networks  of  bundles,  however,  in  both 
coats  run  a  course  which  i^  neither  exactly  longitudinal  nor  circular.  The 
inner  longitudinal  coat  of  the  ureter  appears  to  be  represented  by  a  very 
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thill  anfi  inconspicnous  layer.  The  thicker  and  better  developed  portion  of 
the  circularly  disposed  coat  is  sometimes  *poken  of  as  the  gpltiticfer  vencce, 
the  longitudinally  disposed  coat  is  Birnilarly  sometimes  called  the  fteMisor 
but,  as  we  shall  see,  these  names  are  undesirable.  In  the  dog  the 
llonfcitudinal  bundles  are  much  better  developed  than  the  circular;  but  the 
relative  pro]>ortion  of  the  two  sets  of  bundles  seems  to  vary  in  different 
Animals- 

The  bladder  is  supplied  with  nerves  from  the  hypogiistric  plexus,  the  fibres 
beini^  both  medullated  and  non-medullated.  They  appear,  as  in  the  case  of 
the  rectum  (|i  277).  to  have  a  double  origin,  coming  ou  the  one  baud  from 
the  lower  dorsal  and  upper  lumbar  spinal  cord  through  thesym pathetic  system, 
aud  ou  the  other  band,  in  a  more  direct  raaniier,  from  the  sucral  spinal  nerves. 
Jlfjire  abundant  around  the  neck  of  the  bladder  than  higher  up,  they  run  at 
first  in  the  outer  connective-tissue  coat  beneath  the  peritoneum  and,  forming 
plexuns,  ultimately  end  partly  in  the  bloodvessels  and  partly  in  the  mu:^- 
cular  fibrea,  though  some  fibres  are  said  to  have  been  traced  to  the  epithe- 
lium     Groups  of  nerve-cells  occur  on  the  plexuses,  especially  near  the  neck. 

$  427.  The  urine,  like  the  bile,  is  secreted  continuously;  the  flow  may  rise 
iatl.  but  in  health  never  al)8olutety  ceases  for  any  length  of  time.  The 
ttion  of  renal  activity,  the  so-called  suppression  of  urine,  entails  speedy 
^death.  The  minute  streams  passing  continuously — now  more  rapidly,  now 
IBiore  slowly — along  the  collecting  and  discharging  tubuleSvare  gathered  into 
the  renal  pelvis,  whence  the  fluid  is  carried  along  the  ureters  into  the  blad- 
der partly  by  preasure  and  gravity,  and  from  time  to  time  partly,  as  we  have 
alreiidy  said  (^  416),  by  the  peristaltic  coutractious  of  the  muscular  walls 
of  the  ureter. 

If  in  a  living  animal  a  ureter  be  laid  bare  and  stimulated.  mechanicAllj 
or  otherwise,  at  a  part  of  itfi  course,  waves  of  peristaltic  contraction  may  be 
seen  to  pass  in  both  directions  from  the  spot  stimulated — up  toward  the 
kidney  and  down  toward  the  bladder.  In  the  absence  of  artifiolHt  stimulation 
spontaneous  waves  of  contraction  make  their  appearance,  sometimes  repeated 
with  tolerable  regularity  {about  every  twenty  seconds  in  the  rabbit),  some- 
tiaa«i  occurring  in  groups  with  longer  pauses  between.  These  spontaneous 
oanCractions  invariably  pass  in  one  direction,  from  the  kidney  tt>  the  bladder, 
mad  tbeir  frequency  and  vigor  seem  to  be  determined  by  the  activity  of  the 
secretion  of  urine.  But  they  are  not  directly  called  forth  by  the  urine, 
either  mechanically  distending  the  tube  or  chemically  stimulating  the  inner 
stirfiure,  for  regularly  recurring  contractions  may  l>e  observed  in  a  kidney 
mnd  ureter  removed  from  the  body,  or  even  in  au  isolated  excised  piece  of 
the  ureter. 

The  rhythmically  repeated  contractions  arise  spontaneously  in  the  mua- 
cabu*  coat  of  the  ureter  much  in  the  same  way  as  the  similar  cardiac  cou- 
tTBotions  arise  in  the  muscular  substance  of  the  heart ;  and  it  may  here  l>e 
mcfitioned  in  support  of  what  was  urged  in  !i  155  with  regard  to  the  heart- 
bests  not  being  started  by  nerve-cells,  that  rhythmically  rej>eated  sptuitaneous 
perietaliic  contractions  have  been  ohnervcd  in  isolated  pieces  of  ureter  taken 
mm  (he  middle  of  its  course,  in  which  no  nerve-cells  and  indeed  no  distinct 
nerve  fibres  could  be  observed. 

In  the  living  body  these  spontaneous  movements,  beats  they  might  be 
called,  are  subordinatAHl  to  the  flow  of  urine  into  the  pelvis ;  the  more  active 
the  wcrction  of  urine,  the  more  frequent  and  vigorous  are  the  beats  of  the 
pelvii  and  ureter:  but  the  exact  mechanism  by  which  the  secretion  and  the 
taorementfl  arc  maintained  in  harmony  has  not  yet  been  cleared  up. 
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Micturifiafi. 


§  428.  In  the  urinary  blatlder  the  urine  is  collected,  its  return  into  the 
ureters  being  prevented  by  the  oblique  entrance  into  the  bladder  and  valvu- 
lar naiuro  of  lUc  oriiices  of  those  tubes,  and  its  discbarge  trora  ihence  in 
considerable  quantity  is  effected  from  time  to  time  by  a  somewhat  complex 
muBcular  niechauit«ui»  of  the  nature  and  working  of  which  the  following  is  a 
brief  account : 

The  involuntary  muscular  fibres  forming  the  greater  part  of  the  vesical 
walls  are  arrnnge^i,  a^  we  have  said,  partly  in  a  more  or  less  longitudinal 
iHrection,  and  partly  tu  a  circular  manner.  Afler  it  has  been  emptied  the 
bladder  \s  contractetl  aud  thrown  into  folds;  as  the  urine  gradually  collects, 
the  hhidder  becomes  more  auH  more  distended.  The  escape  of  the  tluid  is  in 
part  prevented  by  the  resistance  ofiered  by  the  elastic  fibres  tu  the  walls  of  the 
urethra,  which  help  to  keep  the  urethral  channel  closed.  But  this  is  not  all, 
for  observation  shows  that  fluid  is  retained  within  the  bla<ider  up  to  a  pres- 
sure of  twenty  inches  of  water,  so  long  as  the  bladder  is  governed  by  an 
intact  spinal  cord,  but  gives  way  to  a  pressure  of  six  inches  only  when  the 
lumbar  spinal  curd  is  destroyed  or  the  vesical  nerves  are  severed.  This 
aflTords  very  strong  evidence  that  the  obatruction  at  the  neck  of  the  bladder 
to  the  exit  of  urine  depends  on  some  tonic  niuscuhir  contraction  maintained 
by  a  reflex  or  uutomalic  action  of  the  lumbar  spinal  curd.  And  it  has  been 
maintained  that  it  is  the  circularly  disposed  fibres  sfiecinlly  developed  around 
the  neck  of  the  bladder,  which  are  the  subjects  of  this  tonic  contraction  and 
thus  the  chief  cause  of  the  retention  ;  hence  the  name  sphincter  vcaicie.  The 
continuity  of  these  fibres,  however,  with  the  rest  of  the  circular  fibres  of  the 
bladder  suggests  that  they  probably  do  not  act  «s  a  sphincter,  but  that  their 
use  lies  in  their  contracting  atler  the  rest  of  the  vesical  fibres,  aud  thus 
finishing  the  evacuation  of  the  bladder-  The  resistance  in  question  ie  sup- 
plied by  a  tonic  contraction  not  of  tlie-se  circular  fibres  of  the  bladder  itself, 
but  of"  the  muscular  fibres — partly  plain,  partly  striated — surrounding  the 
prostatic  portion  of  the  urethra,  and  cuusLituting  the  sphincter  vesica  exterutuf 
or  prostaticint^  iyr  sphincter  of  Henle.  It  is  stated  ihat  artificially  excited 
contractions  of  these  fibres  will  resist  a  pressure  of  fluid  in  the  blailder. 

When  the  bhidilfr  has  become  full,  we  feel  the  need  of  making  water,  the 
sensation  being  htightened  if  not  caused  by  the  trickling  of  a  few  drops  of 
urine  from  the  full  bladder  into  the  urethra.  We  are  then  conscious  of  an 
effort;  during  this  effort  the  bladder  is  thrown  into  a  long-continued  con- 
traction of  an  obscurely  peristaltic  nature,  the  force  of  which  is  more  than 
sufficient  to  overcome  the  resistance  offered  by  the  urethra,  and  the  urine 
issues  in  a  stream,  the  sphincter  vesicae  externus  being  at  the  same  time  either 
relaxed  afler  the  fashion  of  the  sphincter  nni^  or  at  least  overcome.  In  its 
passage  along  the  urethra,  the  exit  of  the  urine,  at  all  events  of  the  last  por- 
tions, is  forwarded  by  irregularly  rhythmic  contractions  of  the  bulbo-i.-aver- 
nosus  or  ejaculator  urinaj  muscle,  tne  contractions  of  which  compress  the 
urethra;  and  the  whole  act  is  further  assisted  by  pressure  on  the  bladder 
exerted  by  means  of  the  abdominal  muscles,  very  much  the  same  as  in 
defecation. 

In  the  case  of  the  rectum  we  were  able  (§  277)  to  distinguish  between  the 
actions  of  the  longitudinal  and  of  the  circular  coats,  and  we  said  that  tlie 
two  coats  had  distinct  nervous  supplies  (Fig.  120).  The  bladder  has*  as  we 
have  said,  a  similar  nerve  supply,  and  it  is  very  probable,  but  not  yet  dis- 
tinctly proven,  that  this,  like  double  supply,  has  a  like  double  action.  Stimu- 
lation of  the  branches  coming  from  the  sacral  nerves,  at  the  same  time  that 
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tt  thrown  the  lon^tudinal  coat  tif  the  rectum  into  contractiona,  brings  ali^tut 
iu  ihe  dog,  in  which  the  longitudinal  fibres  of  the  bladder  are  much  more 
lounc^  than  the  circular,  powerful    vesical   contractions.      Moreover, 

Imulation  of  the  iac.mi  nerves  on  one  side  produces  unilateral  contraction 
of  the  bladder.  From  this  we  may  infer  that  the  sacral  nerves  govern  the 
lougitudinal  coat.  Stimularion  of  the  hypojjaatric  nerves  carrying  fibres 
from  the  dorsal  and  upper  lumbar  cord  (see  Fig.  120),  while  throwing  the 
circular  coat  of  the  rectum  into  strong  contractions,  gives  rise  to  vesicjil  con- 
tractiona,  but  these  are  by  no  means  so  marked  as  those  which  appear  when 
the  sacral  nerves  are  stimulated.  We  may  probably  conclude  that  the  more 
iinp4'>rtant  fibres  in  the  fundus  of  the  bladder,  which  are  for  the  most  part 
loDj^tudioalt  are  to  be  regarded  as  governed  for  the  mo8b  part  by  the  sacral 
nerre-fibrea,  while  the  circular  muscular  fibres  around  the  neck  of  the  blad- 
der, whose  contraction  completes,  as  it  were,  the  emptying  of  the  bladder, 
are  those  on  which  the  hypogastric  nerve-fibres  have  the  chief  iutluence. 

§429.  We  said  ju.st  now  ''when  the  bladder  hm  become  full,"  but  this 
'must  not  be  understood  to  mean  **  when  the  bladder  has  received  a  certain 

auantity  of  tiuid."  On  the  contrary,  it  is  a  matter  of  common  experience 
lat  we  feel  the  desire  to  make  water  sometimes  when  a  large  ^juantity  and 
sometimes  when  a  snialt  ^[uancily  of  urine  has  accumulated  in  the  bladder. 
We  have  evidence  that  the  bladder  p(^sefl8e8  to  a  very  high  degree  that  ob- 
scure continuous  contraction  which  we  speak  of  as  '*  tone  ;**  and,  further,  that 
the  amount  of  its  tone  is  exceedingly  variable,  the  organ,  quite  independ- 
ently of  distinct  efforts  at  micturition,  being  at  one  time  contracted  and  at 
Another  flaccid  and  distended.  When  it  is  in  a  contracted  state,  a  small 
quantity  of  fluid  may  exert  the  same  effect  on  the  vesical  walls  as  a  larger 
quantity  when  the  bladder  is  tlaccid.  Hence,  while  the  determining  caude 
of  the  "desire  to  make  water  is  the  pressure  of  the  urine  upon  the  vesical 
walla,  the  iiuantity  needed  to  produce  the  necessary  fulness  is  dependent  on 
the  amount  of  tonic  contraction  of  the  muscular  fibres  existing  at  the  time. 
And  we  have  evidence  that  this  tone  is  regulated  by  the  nervous  system. 

|i430.  Micturition  as  sketched  above  seems  at  first  sight,  and  especially 
when  we  ap(>eal  to  our  own  consciousneaa,  a  purely  voluntary  act.  A  volun- 
tary effort  throws  the  muscular  fibres  of  the  bladder  into  contractions,  an 
ftccompanving  voluntary  effort  lessens  the  tone  of  the  sphincter  externus. 
probably  by  inhibiting  its  centre  in  the  spinal  cord,  while  other  voluntary 
eflbrti  throw  the  ejaculator  and  abdominal  muscles  into  contractions,  and 
the  resistance  of  the  urethra  being  thereby  overoome,  the  exit  of  the  urine 
uaturally  follows. 

There  are  facts,  however,  which  prevent  the  acceptance  of  so  simple  a  view. 
In  the  first  place,  in  cases  of  urethral  obstruction,  where  the  bladder  cannot 
be  emptied  when  it  reaches  its  accustomed  fulness,  the  increasing  distention 
seta  ap  fruitle»  but  powerful  contractions  of  the  vesical  walls,  contractions 
which  are  clearly  involuntary  in  nature,  which  wane  or  disappear,  and  return 
again  and  again  in  a  rhythmic  manner,  and  which  may  be  so  strong  and 
powerful  as  to  cause  great  suffering.  It  seems  that  the  fibres  of  the  bladder, 
tike  all  other  muscular  fibres,  have  their  contractions  augmented  in  propor- 
tion as  they  are  subjected  intension.  Just  as  a  previously  i|uiescent  ventricle 
of  A  frog's  heart  may  be  excited  to  a  rhythmic  beat  by  distending  its  cavity 
with  blood,  so  the  quiescent  bladder  may,  quite  independent  of  the  will,  be 
excited,  by  the  distention  of  its  cavity,  to  a  peristaltic  action  which  in  normal 
ettMt  ia  never  carried  beyond  a  first  effort,  since  with  that  the  bladder  b 
emptied  and  the  stimulus  ia  removed,  but  which  in  oases  of  obstruction  ia 
enabled  clearly  to  manifest  its  rhythmic  nature. 

Is  the  Becf>nd  place  it  has  been  shown  that  quite  normal  micturition  mar 
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take  place  in  a  <iog  in  which  the  lumbar  region  of  the  spinal  cord  has  been 
completely  and  permanently  separated  by  section  from  the  upper  dorsal 
region,  Jn  such  a  case  there  can  l>e  no  exercise  t»f  volition,  and  the  whole 
process  appears  as  a  reflex  action.  When  under  these  circumstances  the 
bladder  becomes  full  (and  otherwirtc  apparently  the  act  fails)  any  alight 
stimulus,  such  an  i^pimging  the  anus  or  »liglit  pressure  on  the  abdominal 
walls,  causes  a  complete  act  of  micturition  ;  the  bladder  is  entirely  emptie*!, 
and  the  stream  of  urine  toward  the  end  of  the  act  undergoes  rhythmical 
ftugmentAtions  due  to  contractions  of  the  ejaculator  urinie.  These  facta  can 
only  be  interpreted  on  the  view  that  there  exists  in  the  lower  spinal  cord  (of 
the  dog)  what  we  may  speak  of  us  a  micturition  centre  t'apable  of  being 
thrown  into  action  by  apjiropriate  afferent  impulses,  the  action  of  the  centre 
being  auch  as  to  cause  a  contraction  of  the  walls  of  the  bladder  and  of  the 
ejaculator  urinse,  and  ut  ihe  same  lime  to  suspend  the  tone  of  the  sphincter 
vesicie  exteruus.  Clinical  experience  also  g(»e8  to  show  the  existence  of  a 
:?imilar  micturition  centre  in  man.  placed  nigher  up  in  the  cord  than  the 
corresponding  "genital  "  centre  governing  the  genital  organs. 

Moreover,  we  have,  in  the  case  l>olh  of  man  and  i>f  other  animals,  experi- 
mental and  other  evidence  that  contraction  of  the  bladder  is  frequently 
brought  about  by  reflex  action.  Thus  the  pressure  within  the  bladder  when 
observed  for  any  length  of  time  is  found  to  be  subject  to  considerable  and 
manifold  variations.  Over  and  above  passive  changes  in  pressure  due  to  the 
respiratory  movements,  through  which  the  bladder  is  pressed  upon  at  each 
descent  of  the  dinphragm,  active  contractions,  of  a  strength  inadequate  to 
bring  about  micturition,  are  fr<^ni  time  to  time  observed.  These  in  ««)ine 
instance£  apmar  to  be  Hpontaneous,  or  to  be  the  result  of  emotions,  but  they 
may  be  rearfily  induced  in  a  refiex  manner,  by  stimulating  various  sentient 
surfaces  or  sensory  nerves.  And  common  experience  affords  many  instances 
where  vesical  contractioti--^  thus  brought  about  in  a  reflex  manner  acquire 
strength  adequate  to  empty  the  bladder. 

Observation  of  vesical  pressure  may  be  most  conveniently  carried  out  by  totro- 
ducin^  into  the  bladder  a  catheter  connected  with  a  water  manometer  and  a 
registorinj^  apparatus,  and  so  nrninj^ed  as  to  allow  fluid  to  he  driven  into  or 
received  from  the  bladder  at  yileasure. 

§431.  Involuntary  micturition  obviously  of  retiex  nature  has  frequently 
been  observed  in  cjises  of  paralysis  from  disea-se  of  or  injury  to  the  spinal 
cord;  and  the  involunt^iry  micturition  which  is  common  in  children,  as  the 
result  of  irritation  of  the  penis  and  genital  orgai»s,  and  which  sometimes 
occurs  in  the  adult  as  the  result  of  emotioniJ,  or  at  least  sensory  impreesiODs, 
appears  to  be  the  result  of  reflex  action.  In  these  several  cases  we  may 
fairly  suppose  that  the  centre  in  the  spinal  cord  is  aflected  by  afferent 
impulses  reaching  it  along  various  sensory  nerves  or  descending  from  the 
brain.  Hence  we  are  led  to  the  conception  that  when  we  make  water  by  a 
conscious  eflbrt  of  the  will,  what  occurs  is  not  a  direct  action  of  the  will  on 
the  muscular  walls  of  the  bladder,  but  that  impulses  started  by  the  will 
descend  from  the  brain  after  the  fashion  of  afferent  impulses  and  thus  in  a 
reflex  manner  throw  into  action  the  micturition  centre  in  the  spinal  cord.  We 
may  draw  an  analogy  between  the  micturition  apparatus  and  the  respiratorv 
mechanism.  We  saw  reasons  in  the  latter  case  to  think  that  when  the  will 
interfered  with  the  respiratory  movements,  it  did  so  by  acting  upon  the  ner- 
vous mechanism  in  the  central  nervous  system  and  not  by  acting  directly  on 
the  muscular  fibres  of  the  diaphragm  and  other  respiratory  musclea.  And 
the  case  of  the  plain  muscular  Hbres  of  the  bladder  seems  even  stronger  than 
that  of  respiratory  muscles  so  largely  skeletal  in  nature.     We  might  also 
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dmvr  an  nnalogy  with  (he  heart.  We  are  not  able  to  throw  into  action,  by 
any  direct  effort  of  the  will,  the  cardiac  augnientor  mechanism.  Were  we 
sble  to  do  m  powerfully  anil  suddenly,  we  might  throw  into  violent  action  a 
w«akly  beating  heart  much  in  the  Hame  wav  that  we  empty  an  oliscurelv 
contracting  bladder.  Nor  ia  this  view  negative*!  by  the  fact  that  paralvsia 
of  the  bladder,  or  rather  inability  to  make  water  either  voluntarily  or  in 
a  reflex  manner,  is  a  common  symptom  of  cerebral  or  spinal  diseaae  or  injury. 
Putdng  aside  the  cases  in  which  the  reHex  act  is  not  called  forth  because 
lh«  appropriate  stimulut^  had  not  been  applied,  the  failure  in  micturition 
under  these  circnmptances  may  be  explained  by  supposing  that  the  shock 
*jf  the  spinal  injury  or  some  extension  of  the  disease  has  rendered  the  spinal 
centre  unable  to  act. 

The  so-called  incontinence  of  urine  in  children  is  simply  an  easily  excited 
and  frequently  repeated  reHex  micturition.  In  cases  of  cerebral  or  spinal 
disease  a  form  of  mcontinencc  is  fre<{uently  met  with  which  seems  to  be  of  a 
different  nature.  The  bladder  becoming  full,  but,  owing  to  a  failure  in  the 
mechanism  of  voluntary  or  retlex  micturition,  being  unable  to  empty  itself 
hy  a  complete  contraction,  a  continued  dribbling  of  urine  takes  place  through 
the  urethra,  the  fulness  of  the  bhuhlur  being  sufficient  to  overcome  the  resist- 
ance ai  the  neck  of  the  urethra.  It  is  probable,  however,  that  even  in  these 
ca«e*  the  How  is  partly  caused  by  obscure,  unfelt,  intrinsic  contractions  of 
tbe  bladder. 

§  432.  Whether,  under  normal  conditions,  the  urine  undergoes  any  notable 
change  during  its  stay  in  the  bladder  has  been  muuh  iebate<l.  Experiments 
sboir  that  poisonous  Bubstances  injected  into  the  bladder  with  all  due  care  to 
aToid  any  abrasion  of  the  epithelium  are  absorbed  and  pnxluce  their  usual 
fl^^rty  It  has  also  been  stated  that  if  n  solution  of  urea  be  injected  into  the 
Madder  aAer  ligature  of  both  ureters,  and  allowed  to  stay  for  some  hours. 
part  of  the  urea  diaap|)ear!?.  But  at  present  there  is  no  very  decided  proof 
that  under  ordinary  conditions  either  the  water  or  other  constituents  of  urine 
are  to  any  appreciable  extent  ab8orl>ed  by  the  bladder. 

Under  abnormal  conditions,  as  in  taHamnmtioQ  or  irritation  of  the  bladder, 
the  nrine  may  have  undergone  marked  changes  during  its  stay  in  the  blad- 
der, one  of  the  most  common  being  a  change  of  some  of  the  urea  into  ammo- 
niuna  carbonate,  by  which  the  urine  also  becomes  alkaline.  Under  abnormal 
o^nditions  also,  the  mucus  of  the  urine,  which  in  a  healthy  man  is  ineignili- 
cant,  though  in  some  animals,  for  instance  the  horse,  itoccure  in  considerable 
<)uantity,  is  largely  increased  during  the  stay  in  the  bladder.  Since  there 
are  in  man  no  goblet  cells  in  the  vesical  epithelium  (in  the  frog  they  are 
preaent)  or  mucous  glands  in  the  walk  of  the  bladder,  this  mucus  must  be 
■applied  by  an  abnormal  metabolism  of  the  ordinary  epithelial  cells. 


The  Stbucture  op  the  Skin, 

{  433.  The  skin,  like  a  mucous  membrane,  consists  of  an  epithelium  reet- 
log  upon  a  connective-tissue  basis;  the  epithelium,  which  is  composed  of 
OMBT  layen  of  cells,  is  called  epidrrmU  [Fig.  loS],  the  connective  tissue  basis 
it  oaited  dermis  or  corium,  or  cutis  vent.  The  surface  of  the  dermis  in  thrown 
up  iD^>a  number  of  elevations,  paplUfr,  which  differ  in  size,  form,  complexity, 
aod  arrangement  in  diflTerent  regions  of  the  body.  Some  are  small,  more  or 
IcM  oooical  elevations,  amjtfe  papUlfr.  In  others,  a  broader  primary  elcva- 
Ckm  it  divided  at  its  summit  into  a  number  of  secondary  elevations;  these 
are  eompomni  pttpilUr.  In  many  regions  of  the  skin,  as  for  exam])le  in  the 
palttM  of  the  hands,  tlie  papillie  are  arranged  in  ridges  separated  by  shallow 
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furrows.  The  surface  of  the  skin,  that  is,  the  contour  of  the  epidermld,  *ioe^ 
not  follow  the  papillary  cont(»ur  of  the  dermia;  the  papilla  acconlinglr 
appear  to  plunge  into  and  be  covered  up  by  the  more  even  epidermis,  the 
surface  of  which,  however,  is  marked  by  the  ridges  and  furrows  s]K>keD  of 
above  as  well  as  by  bolder  creases  and  folds. 


H 


tw 


SacnoK  or  EptDEJiJtu. 
E,  homy  Layer,  coiuristlDfr  of  «,  superfldAl  bomy  ftcalci ;  «u'.  *wnll«'n-out  homy  evils ;  » f,  ttifttiiiii 
iQcldum ;  M,  rele  miicoeum  or  Mal|>lt[bian  layer.  conMsUug  of  p.  pricklc-cvlU,  several  rows  deep ;  c. 
elonKBted  cells  fonnliiK  »  (<)nKlu  Rirntiim  near  the  curium ;  and  i.  ffr.  stratum  KTmntilonim  of  La.ng«r- 
haus,  ]u§t  below  the  Hlmltiru  luctduin  :  ii.  pari  uf  a  plexiu  of  nerve-hhrBM  In  tbo  iuperDcial  Uy«t  o< 
tbe  CUV.S  rora.  From  thiti  ploxiu  line  varlcoae  uerre-flbrlbt  may  be  tracwS  [Mualng  up  hetwevii  tbi5 
eptlhellum-c«lls  of  tbe  Mali%blan  layer] 

The  surface  of  the  dermis  is  not  developed  into  a  distinct  and  sejjarable 
basement  membrane,  as  is  so  oflen  the  case  in  a  mucous  membrane ;  but  in 
the  most  superficial  portions  of  the  dermis  the  connective  tissue  shone  little 
or  no  llbrillation  and  consists  of  a  homogeneous  matrix,  in  which  are  imbedded 
connective-tisjtue  corpuscles  and  extremely  fine  elustic  fibres.  This  superficial 
|X)rtion  of  the  dermis,  which  is  especially  well  developed  in  the  papillse,  serves 
accordingly  the  pur|)08efl  of  a  haeenient  membrane^  and  sharpiv  detiuee  the 
dermis  from  the  overlying  epidermis.  At  a  very  little  distance  from  the 
epidermis,  llbrillation  makes  it«  ap])earance.  the  bundlt^  of  tibrillm  interlacing 
in  a  network  which,  very  closely  set  in  the  outer,  more  suj>erficial  laven, 
becomes  more  and  more  open  in  the  inner,  decf)er  jiarts.  The  c<junective 
tissue  of  the  dermis  thus  passes  insensibly  into  the  ^subcutaneous  connective 
tiuuet  in  which  thick  interwoven  bundles  of  Bbrillie,  bearing  in  transverse 
aedion  a  certain  resembinnce  to  sections  of  tendon-bundles,  form  a  tough 
open  network,  the  larger  spaces  of  which  are  frequently  occupied  by  mnsse$ 
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of  fal  cells  of  the  subcutaneous  adipi)&e  tissue.  Elastic  fibres  are  very  abun- 
dant iu  the  dermis  prowr,  being  very  fine  immej^iately  beneath  the  epidermis 
and  becoming  coarser  in  the  deeper  parts ;  they  are  present  also,  though  to  a 
leas  extent,  in  the  subcutaneous  connective  tissue.  The  skin  as  u  whole  is  a 
ven'  elastic  structure. 

BlcKxlvessels  are  very  abundant,  forming  close-set  capillary  networks  and 
loops  imme<liate]y  under  the  epidermis,  especially  in  the  papilhe,  and  more 
upen  networks  elsewhere ;  but  no  bloodvessel  passes  into  the  epidermis. 
Lymphatic  Tessels  and  lymphatic  capillaries  are  abundant  in  the  dermis, 
being  connected  here  aa  m  other  regions  of  the  body  with  smaller  '*  lymph- 
spaces.*' 

The  consideration  of  the  nerves  of  the  skin  it  will  be  advantageous  to 
defer  until  we  come  to  deal  with  the  skin  as  an  organ  of  sense;  for  though 
some  of  the  cutaneous  nerve-fibret*  are  efferent  fibres  distributed  to  the  blood- 
Teasels,  and  probably  to  the  sweat-glands  and  other  structures  not  directly 
connected  with  the  sense  of  touch,  by  far  the  greater  number  are  afferent 
fibres  l>eginning  in  distinct  tactile  organs,  or  otherwise  serving  as  sensory 
atructures. 

^  434.  The  epidermis  consists  of  two  parts,  separated  by  a  fairly  sharp 
line  of  demarcation  :  an  inner  soft  layer,  the  Malpighian  layer,  or  stratum 
Malpifjhii,  and  an  outer  harder  horny  layer,  or  Mralum  conieum.  The  skin 
a«  is  well  known  varies  in  thickness  in  different  regions  of  the  body,  and  the 
dillereDcefl  are  due  almost  exclusively  to  variations  in  the  thickness  of  the 
horny  layer  which,  as  over  the  tips,  may  be  extremely  thin,  or  as  on  the 
heel,  excessively  thick ;  compared  with  the  variations  In  thickness  of  the 
horny  layer,  the  variations  in  thickness  o{  the  Malpighian  layer  or  of  the 
dermis  may  be  disregarded. 

The  line  of  demarcation  between  the  Malpighian  and  horny  layers  follows 
the  contour  of  the  surface  of  the  skin,  not  that  of  the  dermis,  the  papillae 
of  which  appear  in  sections  as  if  imbedded  in  the  Malpighian  layer.  When 
the  skin  aAer  death  is  macerated,  the  horny  layer  is  apt  to  peal  off  from  the 
Malpighian  layer  below,  which,  originally  soft  and  rendered  stdl  softer  by 
the  maceration,  then  appeare  as  a  layer  of  slimy  tissue  spread  out  between 
the  sidM  of  and  covering  the  summits  of  the  papillre  of  the  dermis,  some- 
what after  the  fashion  of  a  network ;  hence  this  layer  was  in  old  times 
spoken  of  as  the  rete  muco»um. 

The  lowermost,  innermost  portion  of  the  Malpighian  layer  resting  upon 
the  dermis,  consists  of  a  single  layer  of  elougateo,  or  almost  columnar  cells 
placed  vertically,  that  is  with  their  long  axis  perpendicular  to  the  plane  of 
the  dermis.  This  layer,  which  preserves  the  original  features  of  the  epiblast 
of  the  embryo,  and  which  may  oe  followed  over  the  papilla-  as  well  aa  along 
the  intervening  valleys,  presents  a  characteristic  appearance  in  vertical 
sections  of  the  skin.  Kach  cell,  which  is  about  as  large  as  a  leucocyte, 
about  I2fi  by  6^,  consists  of  a  relatively  large  oval  nucleus  lying  in  the 
midst  of  a  coarsely  granular  cell-substance,  which  stains  readily  with  the 
ordinary  staining  reagents.  The  base  of  the  cell  abutting  on  the  dermis 
often  shows  fine  processes  interlocking  with  corresponding  processes  from 
the  dermis;  the  sides  of  the  cells  are  in  close  contact,  but  merely  in  contact, 
no  cement  substance  existing  between  them. 

The  rest  of  the  cells  of  the  Malpighian  layer,  much  like  each  other,  are 
polygonal  or  irregularly  cubical  cells,  resembling  the  vertical  cells  just 
•poken  of  in  so  far  that  each  consists  of  a  coarsely  granular  cell -substance 
in  which  is  inil>edde4l  a  relatively  large  nucleus;  this,  however,  is  spherical, 
not  oval.  The  surface  of  each  cell  is  thrown  np  into  short  ridges,  radiating 
somewhat  irregularly  from  the  centre  of  the  cell  and  projecting  at  the  sur- 


504 


THE    ELIMINATION    OF    WASTE    PRODUCTS. 


fac«  am]  edges,  so  as  to  ^ve  the  cell  somewhat  the  appearance  of  being 
armed  with  a  number  of  prick  lee.  Hence  these  cells  arc  often  callea 
"  prickle  cells."  The  pricklee  of  a  cell  do  not  interlock  with  those  of  it« 
neighbure  but  touch  at  tbeir  poiutti,  »(>  that  the  contact  of  two  aiJjaceut  celU 
18  not  complete  but  carried  out  by  the  points  of  the  prickles  only,  minute 
spaces  being  left  between.  Hence  the  whole  Mnlpightan  layer  is  traversed 
by  a  labyrinth  of  minute  paBsages,  along  which  Huid  can  pass  between  tbe 
UKiching  prickles. 

In  dark  Hkins,  m  that  of  the  negro,  pigment  particles  abound  lu  the 
lower  Malpighian  cells,  especially  in  the  vertical  layer.  In  such  cases 
bniuehed  pigment-cells,  connective- tissue  corpuscles  loaded  with  piguieut 
gmniiles,  are  to  be  seen  in  the  dermis  also  ;  and  occasionally  similar  branched 
cells  may  be  seen  in  the  epidermis  between  the  Malpighian  cells.  Leuco- 
cytes also  nut  infrcuucnlly  pass  out  of  the  dermis  and  wander  among  the 
cells  of  the  Malpighian  layer. 

The  nuclei  not  only  of  the  vertical  but  also  of  the  other  polygonal  cells 
may,  not  iinfrerjuently,  he  observed  in  various  stages  of  karyomitosis. 
Throughout  life  the  cells  of  this  Malpighian  layer  of  the  skin  appear  to  i>e 
undergoing  multipHcutiuu  by  division;  the  increase  of  population  thus  aris- 
ing U  kept  flown  by  tbe  cells  passing  upward  and  outward,  and  becoming 
transformed  into  tlie  cells  of  the  horny  layer, 

§  435.  The  line  of  demarcation  between  the  Malpighian  layer  and  the 
horny  layer  is,  as  we  have  said,  sharp  and  distinct.  It  is  furnished  by  two 
peculiar  strata  of  cells,  more  coBspicuous  in  some  regions  of  the  skin  than 
in  others.  The  lowermost,  innermost  stratum  consists  of  a  single  layer  or  of 
two  or  three  layers  of  cells  which  are  ntit  unlike  Malpighian  cells,  but  are 
differentiated  by  their  form,  being  extended  horizontally  so  as  frequently  to 
appear  fusiform  in  vertical  sections,  by  the  absence  of  prickles,  by  ibeir 
staining  very  deeply  with  certain  reagents,  such  as  osmic  acid,  and  espe- 
cially by  their  cell  substance  l>eing  crowded  with  large  discrete  granules  of 
a  peculiar  nature.     Hence  this  stratum  is  called  the  siraluvi  granulotnim . 

The  stratum  above  this  consists  of  one  or  two  or  even  more  layers  of  cells, 
elongated  and  flattened  horizontally,  the  cell  substance  of  which  is  homo- 
geneous and  transparent,  free  from  granules  and  not  staining  very  readily. 
In  the  middle  of  a  cell  may  frequently  be  seen  a  rod-shaped  nucleus  place<J 
horizontally.  These  clear  transparent  cells  form  a  transparent  seam,  the 
eiraium  luMum,  between  the  stratum  granulosnm  and  Malpighian  layer 
below  and  the  horny  layer  above. 

§  436.  The  homy  layer,  which  is  as  we  have  said  of  variable  but  nearly 
alwavs  of  considerable,  thickness,  is  formed  of  a  number  of  layers  of  cells 
whicli,  differentiated  already  in  the  lowest  layers,  have  that  differentiation 
completed  as  these  pass  upward.  The  upper,  outer  portion  of  this  homy 
layer  is  continually  being  shed  or  rubbed  f>flr  in  the  form  of  Hakes  of  vari- 
able size.  Each  flake  upon  examination,  as  for  instance  after  dissociation 
by  maceration  or  with  the  help  of  alkalies,  is  found  to  be  composed  of  ele- 
ments which  c^n  no  longer  be  recognized  as  cells,  and  which  may  be  spoken 
of  as  scales.  Each  scale  is  a  Hatlened  mass  or  plate  in  which  no  nucleus 
can  be  seen,  and  which  consists  not  of  the  proleids  and  other  constituentJd  of 
ordinary  cell  substance  (_§  29),  hut  almost  exclusively  of  a  material  called 
keratin.  This  is  a  body,  the  exact  nature  of  which  has  not  yet  been  clearly 
made  out,  but  which  has  the  general  |>erceutage  composition  of  pmteids, 
from  which  it  is  a  derivative,  with  the  exception  that  it  contains  a  considerable 
quantity  of  sulphur  (the  keratin  of  hair  contains  as  much  as  5  per  cent.  ) ; 
this  sulphur  appears  to  be  aomewhat  loosely  attached  to  the  other  elements 
of  the  keratin  since  it  may  be  removed  by  boiling  with  alkalies. 
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The  lowermoBt  portions  of  the  horny  layer  are  composed  of  clcmentfi 
which  in&y  still  be  recognize<l  as  cells,  inasmuch  as  each  contains  a  nucleus, 
though  tbifl  ifi  obviously  under^oinp;  chau^  and  on  the  way  to  disappear. 
Each  cell  is,  however,  Hattened  nnd  plate-like, 
and  ita  subatauce  already  consists  larjt^ely  of 
keratin.  In  passing  upward  from  the  lower  to 
the  more  super6cial  parts  of  the  homy  layer 
MJch  an  imperfect  cell  htses  its  nncleus,  and  be- 
comes the  wholly  keratinous  plate  just  described. 
The  whole  horny  layer  consist*  of  strata  of  ele- 
raentA,  horny  to  l)egin  with,  but  becoming  more 
completely  so  in  the  upper  parts.  Below,  in 
eontact  with  the  moist  Malpi>;hian  layer,  the 
homy  layer  is  moist  but  the  superficial  parts  be* 
come  dry  by  evaporation  ;  and  here  the  strata 
delaniinnte  from  each  other,  the  outer  ones,  as 
we  have  said,  being  shetl  in  the  form  of  Hakes, 
which  seen  in  the  dry  conditiou  under  the  micro- 
scope have  often  the  appearance  of  irregular 
fibres. 

The  knryomitoeis  seen  in  the  cells  of  the  Mal- 
pighian  layer,  not  only  in  those  of  the  vertical 
layer  but  in  the  others  as  well,  show,  as  we  have 
mid,  that  these  multiply  by  division;  we  have 
no  evidence  of  multiplication  taking  place  else- 
where in  the  epidermis.  The  move  .superficial 
cells  of  the  Malpighian  layer,  thrust  upward  by 
the  new  comers,  are  transformed  into  the  cells  of 
the  stratum  granuloaum ;  and  althougu  we  do 
not  as  yet  fully  uuderstand  the  exact  nature  of 
the  transformation  we  may  conclude  that  the 
peculiar  granules  of  these  cells  are  concerned  in 
the  manufacture  of  keratin.  Changed  by  the 
consumption  of  their  granules  in  this  manufac- 
ture, the  cells  of  the  stratum  grauulosum  become 
first  the  cells  of  the  stratum  lucidum,  and  then 
the  cells  of  the  di.'ilinctly  horny  layer,  pushed 
upward  thrrmgh  which  by  the  new  formations 
continually  succeeding  below  them,  they  pass  to 
the  surface  and  are  eventually  shed. 

^  437.  The  9WfxU'fjland».  A  sweat-gland,  like 
other  glands,  consists  of  a  secreting  portion  and 
a  conducting  portion  [Fig.  159].  The  secreting 
piirtiou  is  a  long  tubular  alveolus  coiled  up  in  a 
knot  and  placed  in  the  subcutaneojs  connective 
tMBUe  at  some  distance  from  the  epidermis.  Cien- 
erally  the  gland  is  formed  of  one  such  tubule 
only,  but  84jmetimes  two  tnhute«  unite  into  a 
common  duct.  The  duct  beginning  in  the  knot, 
in  the  convolutitms  of  which  it  shares,  nins  a 
•oroewhat  wavy  but  otherwi^  straight  course  vertically  toward  the  surface 
of  the  skin  on  to  which  its  lumen  opens. 

Through  the  epidermis  the  duct  is  nothing  more  than  a  tubular  passage 
excavated  out  of  the  epidermis  with  a  remarkable  corkscrew  course,  the 
lums  of  the  screw  l>ecoming  more  o|)en  and  the  canal  wider  in  the  upper 
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part  as  it  approaches  the  surface.  In  the  Malpighian  layer  the  cells  border- 
ing on  the  passage  are  flattened  and  inclined  tiownward  so  as  to  aflbrd  a 
more  or  less  definite  lining ;  there  is  a  Himihir  arrangement  but  not  so  well 
seen  in  the  corneous  layer.  Reaching  the  dermis  in  a  valley  between 
papillu*,  the  passage  becomes  a  regular  duct,  with  an  independent  epithe- 
lium of  its  own,  a  distinct  basement  membrane  continuous  with  the  upper 
surface  of  the  dermis,  and  an  outer  coat  of  connective  tissue  strengthened, 
in  the  case  of  some  of  the  larger  glands,  such  as  those  of  the  axilla,  with 
plain  muscular  fibres.  The  epithelium  consists  of  two  or  three  layers  of 
small  rounded  cells,  each  with  a  relatively  large  but  absolutely  small  nucleus, 
eenerally  staining  deeply.  The  cells  leave  a  narrow  tubular  thread-like 
lumen  which  is  lined  witk  a  very  characteristic  distinct  cuticle. 

The  duct  continues  to  possess  these  characters  afler  it  has  entered  the  knot 
and  begun  to  pursue  a  twisted  course,  but  soon  changes  suddenly  into  the 
secreting  tubule.  This  may  be  tlisLiugiiiahed  from  the  duct  by  being  wider, 
and  by  being  lined  by  a  single  layer  of  cubical  or  columnar  cells  larger 
than  tha"*©  of  the  duct,  bearing  larger  nuclei,  and  behaving  differently 
toward  vanouH  staining  reagents.  The  lumen  though  fairly  distinct  is  not 
lined  by  any  cuticle  as  in  the  duct.  Lying  between  the  basement  mem- 
brane and  the  epithelial  cells,  or  rather  imbedded  in  the  basement  membrane, 
are  seen  a  number  of  plain  muscular  fibres  disjxised  longitudinally  or  in  an 
elongated  qtiral,  ami  otYen  forming  a  didtiuct  coat  beneath  the  epithelium. 

As  in  the  cjii^c  of  other  glands,  we  arc  unable  to  make  any  statement  as 
to  the  work  rarried  on  by  the  epithelium  lining  the  dnct,  but  we  may  prob- 
ably assume  that  the  sweat  is  niainly  ijecreted  by  the  larger  cells  of  the 
terminal  coiled  part  of  the  tubule.  These  cells,  therefore,  like  other  secreting 
cells,  are  probably  **  loaded  "  and  discharged ;"  but  as  yet  no  marked  struct- 
ural changes  in  the  cells  corresponding  to  these  phases  have  been  satiafac- 
torily  ascertained,  though  after  the  administration  of  pilocarpine,  which 
causes  sweating,  the  cells  of  glands  hardened  in  alcohol  stain  more  deeply 
than  usual  with  carmine.  It  must  be  remembered,  however,  that  the  sweat 
contains  normally  neither  mucuH  nor  proteid  substances,  and  we  should, 
therefore,  not  expect  to  observe  "granules  ^'  in  the  celle. 

The  peculiarly  placed  muscular  fibres  have  been  suppofted,  by  their  con- 
traction, to  assist  in  the  flow  of  sweat  along  the  tubule,  in  certain  cutaneous 
glands  of  the  frog,  of  a  relatively  simple  nature,  there  is  evidence  thai  the 
secretion  is  ejected  from  the  comparatively  large  lumen  by  the  contraction 
of  plain  muscular  fibres  in  the  wall  of  the  gland,  or  by  a  c<jntraction  of  the 
wall  itaelf,  which  is  contractile  without  being  distinctly  differentiated  into 
muscular  tissue.  And  this  rather  supports  the  above  view;  but  the  matter 
is  at  present  by  no  means  clear. 

The  coil  of  a  sweat-gland  is  well  supplied  with  bloodveesela  in  the  form  of 
capillary  networks,  and  nerves  have  been  traced  to  the  tul>es ;  but  the  exact 
manner  in  which  these  eud  is  not  aa  yet  known. 

Though  present  in  all  regions  of  the  skin  (of  man),  the  sweat-glanda  are 
unequally  distributed,  being  more  abundant  in  some  regions,  such  a»  the 
palms  of  the  hand,  than  in  others.  In  the  axilla  are  glands  of  very  large 
size,  and  in  these  the  Hurts  possess  distinctly  muscular  coats. 

§  438.  Sebaceoum  glands.  [Fig.  1611]  These  are  appendages  of  the  hairs, 
A  hair  is  a  development,  in  the  form  nf  a  cylinder,  of  a  cap  of  corneous 
epidermis  surmounting  a  papilla  of  the  dermis  sunk  to  the  bottom  of  a  tubu- 
lar pit,  or  involution  of  the  skin,  called  a  hair-follicle.  In  the  upper  pwt 
of  the  hair-follicle  the  walls  consist  of  ordinary  skin  with  all  its  mrta, 
dermis,  Malpighian  layer,  and  corneous  layer,  tlie  latter  as  usual  of  con- 
siderable thickness.     At  some  little  distance  from  the  mouth  of  the  follicle 
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l»jer  suddenly  ceai*ea,  and  in  the  follicle  below  this  the  ept- 
k  npvemted  by  the  Mnlpighian  laycfp  now  called  the  outer  ro4)t- 
^aiheaib.  and  two  layers  of  peculiar  cells, 
ibrming  the  inner  root-Bhenth.  of  which  the 
outer  is  called  Henle's  and  the  inner  Hux- 
ler's  layer;  these  may,  pcrhafM,  be  con- 
sidered as  corresponding  to  the  stratum 
eranuloeuiQ  and  lucidum  respectively.  The 
dermis  of  the  wall  of  the  follicle  is  at  the 
same  lime  developed  into  an  outer  layer 
with  bundles  of  connective  tissue  disposed 
chiefiy  longitudinally,  and  an  inner  layer  of 
peculiar  nature,  the  arrangement  of  which 
IB  tratuverse.  and  which  at  least  simulates, 
if  it  really  be  not,  a  muscular  transverse 
coat.  Between  this  dermis  of  the  follicle 
and  the  outer  root-sheath  or  Malplghinii 
layer  ia  a  very  conspicuous  definite  hyaiine 
baaement  membrane,  so  thick  that  it  pre- 
aenu  a  very  easily  recognized  double  con- 
tour. 

At  the  bottom  of  the  follicle  the  dermis 
of  the  wall  of  the  follicle  is  continuous  with 
the  substance  of  the  (dermic)  papilla,  while 
the  outer  root-sheath  or  Malpighian  layer, 
which  here  becomes  extremely  thin  and  re- 
duced to  one  or  two  layers,  is  reflected  over 
the  papilla,  and  there  expands  again  into  a 
maas  of  cells,  which  like  the  cells  of  the 
M&lpighian  layer  in  the  rest  of  the  skin 
multiply,  and  by  their  multiplication  give 
riae  to  the  corneous  body  of  the  hair.  It  is 
•aid  that  in  those  hairs  which  poAsess  a 
medulla  the  vertically  disposed  lowermost 
oella  of  the  Mnlpighian  layer  are  at  the 
actual  summit  of  the  papilla  continued 
upward  in  the  axis  of  the  hair,  as  the 
inedulia. 

The  layer  of  Henle,  following  the  Mal- 
pighian layer  or  outer  rout-sheath  on  which 
It  raali,  is  aimilariy  reflected  and  forms 
over  the  hair  a  single  layer  of  flat  trans- 
parent imbricate*!  scales  known  as  the 
cuticle  of  the  hair.  Huxley's  layer,  simi- 
lariy  reflecieil,  forms  a  similar  layer  of 
simibir  scales,  but  this  is  considered  as  be- 
luDging  to  the  root-sheath,  and  is  called  the 
cuticle  of  the  root-sheath. 

Just  where  the  corneous  layer  abruptly 
leaves  off  in  the  upper  part  of  the  hair-fol- 
liele.a  sebaceous  gland  opens  into  the  cavity 
of  the  follicle  on  each  side  of  the  hair. 
Each  gland  consists  of  a  short  rafher  wide  '^''^^''  '•  ^^^^^"*^'  "•.??"Tw?""* 
uct  which  divides  mto  a  cluster  of  some-  ^^^  „,  ^mr: ..  rvt*  mu.xHHm.  con 
what  flask-shaped  alveoli.  The  basement  unuoiu  with  outer  Toot-sbMtb:  <p 
membrane,  lx)tn  in  the  alveoli  and  in  the     bomy !«;«':  <^  «•>'"!«(»•  sift»d.] 
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duct  is  lined  with  a  layer  of  rather  amall  cubical  cells  continuous  with  the 
layer  of  perpeuilicularly  disposed  cells  which  form  the  iuuermost  layer  of 
the  outer  root-sheath  a-s  of  the  Malpicrhian  layer  of  the  aUiri  generally. 
This  layer  of  cells  leaves  a  wide  lumen  both  in  the  alveoli  and  in  the  duct ; 
this  lumen,  however,  is  occupied  not  as  in  other  glands  with  fluid,  but 
with    cells.      Both  alveoli   and   duct,  in  fact,   are  Hlled    with   rounded  or 

)>olyguDal  cellb  which  may  be  regarded  iia  modified  cells  of  the  Alalpigbian 
ayer.    The  whole  gland,  indeed,  i&  a  solid  diverticulum  of  the  Malpighian 
layer. 

In  the  alveoli  the  cells  next  to  the  layer  of  cells  immediately  lining  the 
basement  membrane,  though  larger  than  these,  resemble  them  in  so  far  that 
each  consists  of  ordinary  cell  substance  surrounding  a  nucleus  of  ordinarv 
character.  The  more  central  cells  are  dillerent;  their  cell  substance  is 
undergoing  change ;  numerous  granules  or  droplets,  some  of  them  obviously 
of  a  fatty  nature,  make  their  ap^iearance  in  them,  and  the  nuclei  are 
becoming  shrunk  and  altered.  The  cells  are  manufacturing  fatty  and  other 
bodies  and  de|)ositing  the  prcnlucts  in  their  own  substance,  which,  however, 
is  not  being  renewed,  but  is  dying.  These  changes  are  still  more  obvious  in 
ihe  cells  lying  within  the  duct ;  the  cells  as  indicated  by  the  breaking  up  of 
the  nuclei  are  dead,  and  the  whole  of  the  cell  substance  has  been  trans- 
formed into  the  material  constituting  the  secretion  of  the  gland  called  gelntm^ 
which  is  discharged  on  to  the  surface  of  the  skin  through  the  mouth  of  the 
hair-follicle. 

In  these  sebaceous  glands,  secretion,  if  we  may  continue  to  use  the  word, 
takes  place  after  a  fashion  difiereiit  from  that  which  we  have  hitherto 
studied.  In  an  ordinary  gland  the  cells  lining  the  walls  of  the  alveoli 
manufacture  material  which  they  discharge  from  themselves  into  the  lumeu 
to  form  the  secretion,  their  own  substance  being  at  the  same  time  renewed, 
so  that  the  same  cell  may  continue  to  manufacture  and  discharge  the  secre- 
tion for  a  very  prolonged  period  without  being  itself  destroyed.  In  a 
sebaceous  gland  the  work  of  the  cells  immediately  lining  the  wall  of  an 
alveolus  appears  limite<l  to  the  task  of  increasing  by  multiplication.  Of  the 
new  cells  thus  formed,  while  J^ome  remain  to  continue  the  lining  and  to  carry 
on  the  work  of  their  predecessors,  the  rest  thrust  toward  the  centre  of  the 
alveolus  are  bcidiJy  transformed  into  the  material  of  tbe  secretion, and  during 
the  tran8f»)rmation  are  pushed  out  through  the  duct  by  the  generation  of 
new  cells  l>ehiod  them.  The  secretion  of  sebum,  in  fact,  is  a  niodilicatioD 
of  the  particular  kind  of  s«?cretion  taking  place  all  over  the  skin,  and  spoken 
of  as  shedding  of  the  skin.  It  is  chiefly  the  chemical  transformation  which 
is  dilTerent  in  the  two  case^.  In  the  skin  generally  the  protoplasmic  cell 
substance  of  the  Malpighian  cells  is  transformed  into  keratin  ;  in  the  seba- 
ceous glands  it  is  transformed  into  the  fatty  and  other  constituents  of  the 
sebum.  Some,  i>erhaps,  may  hesitate  to  apply  the  word  secretion  to  sucli  a 
process  as  this;  hut,  as  we  shall  see  latet  on,  the  formation  of  milk,  which 
certainly  deserves  to  be  called  a  secretion,  is  a  process  intermediate  between 
the  secretion  of  saliva  and  gastric  juice  and  the  formation  of  sebum. 

The  so-called  "ceruminous"  glands  of  the  external  meatus  of  the  ear  are 
essentially  sweAtglands.  They  are  wrongly  named,  since  the  fatty  material 
spoken  of  as  "  wax  **  of  the  ear  is  secreted  not  by  them  but  by  the  sebaceous 
glands  belonging  to  the  hairs  of  the  meatus,  or  by  the  general  epidermic 
Bning.  The  ceruminous  glands  appear  at  must  to  supply  tne  pigment  which 
colors  the  "wax." 

Tbe  Meibomian  glands  of  the  eyelids;  on  the  other  hand,  are  essentially 
the  sebaceous  glands  of  the  eyelashes,  the  glands  of  Mohl  being  in  turn 
sweat-glands. 
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The  Nature  and  Amount  of  Perspiration. 


§  439.  The  quantity  of  mutter  which  leaves  the  human  body  by  way  of 
ibe  ckin  is  very  considerable.  Thus  it  h&a  been  estimated  that  while  0.5 
pamnie  passes  away  through  the  lungs  per  minute,  as  much  as  0  8  gramme 
{NUBes  through  the  fikin.  Tiie  amount,  however,  varies  extremely  :  it  ha£  been 
calculated,  Irom  data  gained  by  enclosing  the  arm  m  a  caoutchouc  bug,  that 
the  total  amount  of  perspiration  from  the  whole  body  in  twenty-fSnir  houre 
might  range  from  2  to  20  kilos  ;  but  such  a  mode  of  calculation  Ia  obviously 
open  to  many  stjurces  of  error. 

Of  the  whole  amount  thus  discharged  part  passes  away  at  once  as  watery 
vapor  mixed  with  volatile  matters,  while  part  may  remain  for  a  time  as  a 
fluid  on  the  skin  ;  the  former  is  frequently  spoken  of  as  insengible^  the  latter 

9eii*ihU,  perspiration  or  sweat.     The  proportion  of  the  insensible  U\  the 

oeible  perspiration  will  depend  on  the  rapidity  of  the  seoretiuu  in  reference 
lo  the  dryness,  temperature,  and  amount  of  movement  of  the  surrounding 
atmoephere.  Thus,  supposing  the  rate  of  secretion  to  remain  constant,  the 
drier  and  hotter  the  air,  and  the  more  rupidEy  the  strata  of  air  in  contact 
with  ihc  body  are  renewed,  the  greater  is  the  amount  of  sensible  perspiration 
which  is  by  evaporation  converted  into  the  insensible  condition;  antl  cou- 
venely  when  the  air  is  cool,  moist,  and  stagnant,  a  large  amount  of  the  total 
penpiration  may  remain  on  the  skin  as  sensible  sweat.  Since,  as  the  name 
impfies.  we  are  ourselves  aware  of  the  sensible  |)er8piration  only,  it  may  and 
frei|uently  does  hapjien  that  we  seem  to  ourselves  to  be  perspiring  largely, 
when  in  reality  it  is  not  so  nmch  the  total  perapiralton  which  is  being  in- 
creaseil  as  the  relative  proportion  of  the  sen.slble  perspiration.  The  rate  of 
•ecretion  may,  however,  be  so  much  increased  that  no  amount  of  dryness  or 
heat,  or  movement  of  the  atmosphere,  is  sutKcient  to  carry  nut  the  neceasary 
evaporation,  and  thus  the  sensible  perspiration  may  become  abundant  in  a 
hot,  dry  air.  And  practically  this  is  the  usual  occurrence,  tjiuce  certainly 
a  high  tem[>erature  conduces,  as  we  shall  point  out  presently,  to  an  increase 
of  the  secretion,  and  it  ia  poesible  that  mere  dryness  of  the  air  has  a  similar 
effect. 

The  amount  of  perspiration  given  off  is  affected  not  only  by  the  condition 
of  the  atmosphere,  but  also  by  the  circumstances  of  the  body.  Thus  it  is 
influenced  by  the  nature  and  quantity  of  footi  eaten,  by  the  amount  of  fluid 
drunk,  by  the  character  of  exercise  taken,  by  the  relative  activity  of  the 
other  excreting  organs,  more  particularly  of  the  kidney,  by  mental  condi- 
tions and  the  like.  Variations  may  i\Wi  l>e  induced  by  drugs  and  by  diseased 
conditions.  Huw  these  various  influences  produce  their  effects  we  shall  study 
imnie4liately. 

The  fluid  perspiration,  or  sweat,  when  collected,  is  found  to  be  a  clear, 
C4>lorless  fluid  of  a  distinctly  salt  taste,  with  a  strong  and  distinctive  odor 
varying  according  to  the  part  of  the  body  from  which  it  is  taken.  Besides 
accidental  epidermic  scales^  it  contains  no  structural  elemental. 

8weat,  as  a  whole,  is  fiimishetl  ;>artly  by  the  sweat-glands  and  partly  by 
the  aebaceous  glands,  for,  as  we  shall  see,  the  small  amount  which  simplv 
transudes  through  the  epidermis,  apart  from  the  glands,  may  be  neglected. 
^ow,  the  secretions  from  these  two  kinds  of  glands  difler  widely  in  nature, 
and  the  characters  of  the  sweat,  us  a  whole,  will  vary  according  to  the  rela- 
tive proportion  of  the  two  kinds  of  secretion.  The  secretion  of  the  sebaceous 
id*>  appears  to  be  fairly  constant,  the  larger  variations  of  the  total  sweat 
iding  chiefly  on  the  var>'iug  activity  of  the  sweat-glands.  Hence,  when 
is  scanty,  the  constituents  of  the  sebum  influence  largely  the  chorac- 
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tera  of  the  sweat ;  when,  on  the  contrary,  the  sweat  is  very  abundant,  these 
may  be  disregarded,  and  the  sweat  may  be  considered  as  the  product  of  the 
sweat-glands. 

We  are  not  able  at  present  to  make  a  cx>mplete  statement  bs  to  what 
bodies  occur  exclusively  in  the  sebum  and  what  in  the  secretion  of  the  sweat- 
glands.  The  former  consists  very  largely  of  fats  and  fatty  acida,  and  appears 
to  contain  some  form  or  forma  of  [jroteids  ;  but  we  have  reason  to  think  that 
the  sweat-glanda  secrete  in  smaH  quantity  some  forms  of  fat,  and  especially 
volatile  fatty  acids. 

Wheu  sweat  ia  scuinty,  the  reaction  is  generally  acid,  but  when  abundant, 
is  alkaline;  and  when  a  poniun  of  the  skin  is  well  washed  the  sweat  which 
is  collected  immediately  afterward  is  usually  alkaline.  From  this  we  may 
infer  that  the  secretion  of  the  rfweat-giands  is  naturally  alkaline,  but  that 
when  mixed  sweat  is  acid;  the  acidity  due  to  fatty  Cor  other)  acids  of  the 
sebum.  In  the  horse,  which  is  singular  amon^  hair-covere<l  animals  for  its 
frequent  profuse  sweating,  the  sweat  is  said  toT>e  always  acid  and  to  contain 
a  considerable  quantity  of  some  form  of  proteid.  These  features  are  proba- 
bly due  Ui  the  large  admixture  of  sebum  from  the  numercms  sebaceous  glands 
connected  with  the  hairs. 

TakJug  ordinary  sweat,  such  as  may  be  obtained  by  enclosing  the  arm  in 
a  bag,  we  may  say  that  in  man  the  average  amount  of  solidd  is  from  1  to  2 
per  cent.,  of  which  about  two-thirds  consist  of  organic  substances.  The  chief 
normal  c/mstituenLs  are:  (1 )  Sodium  chloride,  with  small  (juantities  of  other 
inorganic  salts.  (2)  Various  acids  of  the  fatty  series,  such  as  formic,  acetic, 
butyric,  with  probably  propiouic,  ctt[)roic,  and  caprvlic  The  presence  of 
these  latter  is  inferred  from  the  odor ;  it  is  probalble  that  many  various 
volatile  actds  are  present  in  small  quantities.  Lactic  acid,  which  has  been 
reckoned  as  a  nortnal  constituent,  is  stated  not  to  be  present  in  health. 
(3)  Neutral  fats  and  cholesterin ;  these  have  been  detected  even  in  places 
such  as  the  palm  of  the  hand,  where  sebaceous  glands  are  present.  (4)  The 
evidence  goes  to  show  that  neither  urea  nor  any  ammonia  compound  exists 
in  the  normal  secretion  to  any  extent,  though  some  observers  have  found  a 
considerable  quantity  of  urea  (calculated  at  10  grms.  in  the  twenty-four 
hours  for  the  whole  body).  Apparently  some  small  amount  of  nitrogen 
leaves  the  bo<ly  the  akin,  as  a  whole,  but  this  is  probably  supplied  by  the 
sebum  or  by  the  epidermis. 

In  various  forma  of  di&ease  the  sweat  has  been  found  to  cou tain,  sometimes 
in  considerable  quantities,  blood,  albumin,  urea  (particularly  in  cholera), 
uric  acid,  calcium  oxalate,  sugar  (in  diabetic  patients),  lactic  acid,  indigo 
(or  indigo-yielding  bodies  giving  rise  to  "  blue"  sweat),  bile,  and  other  pig- 
ments. Iodine  and  potassium  iodide,  succinic,  tartaric,  and  benzoic  (partly 
as  hippurlc)  acids  have  been  fouud  iu  the  sweat  when  taken  internally  as 
medicines. 


Outaneous  Reapiniiioiu 

§  440.  A  frog  whose  lunge  have  been  removed  will  coutLDue  to  live  for 
sometime;  and  daring  that  period  will  continue  not  only  to  produce  car- 
bonic acid,  but  also  to  consume  oxygen.  In  other  words,  the  frog  is  able  if» 
breathe  without  lungs,  respiration  being  carried  on  efficieutly  by  means  of 
the  skin.  In  mammals  and  in  man  this  cutaneous  respiration  is,  by  reason 
of  the  thickness  of  the  epidermis,  restricted  to  within  very  narrow  limits ;  and. 
indeed,  it  has  been  questioned  whether  it  can  be  spoken  uf  at  all  as  u  true 
respiration.  When  the  bo<1y  remains  for  some  time  in  a  closed  chamber  to 
which  the  air  passing  iu  and  out  oi  the  lungs  has  uo  access  (as  when  th< 
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|body  ie  enclosed  in  a  large  air-tight  bag  titling  tightly  round  the  neck,  or 
nrhere  a  tube  in  the  trachea  carries  air  to  and  From  the  lungs  of  an  animal 
[placed  in  an  air-tight  box),  it  is  found  that  the  air  in  the  chamber  loaee 
l^xygen  and  gains  carbonic  acid.  The  amount  of  carbonic  acid  which  ia  thun 
[thrown  off*  by  the  skin  of  an  average  man  in  twenty-four  hours  amount*  to 
ubout  10  grma.,  or  according  to  some  observers  to  (no  more  than  i  about  4 
kms.^  iDcreaaing  with  a  rise  of  temperature  and  being  very  markedly  aug- 
^MBtcd  by  bodily  exercise.     It  is  stated  that  the  amount  of  oxygen  con- 
faumed  ia  about  equal  in  volume  to  that  of  the  carbonic  acid  given  ofT,  but 
•om«  observers  make  it  rather  leas.     It  may  be  doubted,  however,  whether 
the  carbonic  acid  comes  direct  from  the  blood  ;  it  may  come  from  decom- 
positions taking  place  in  the  sweat — of  carbonates,  for  instance.     Similarly 
the  oxygen  which  disappears  may  be  simply  used  in  oxidizing  some  of  the 
L^nsiituents  of  the  sweat.     It  is  evident  that  the  loss  which  the  body  sudera 
Rhrough  the  skin  consists,  beside  a  small  quantity  of  sodium  chloride,  chiedy 
of  water.  • 

When  an  animal,  a  rabbit  for  instance,  is  covered  over  with  an  im|)er- 
meable  varnish,  such  as  gelatin,  so  that  all  exit  or  entrance  of  gases  or 
liquids  by  the  skin  is  prevented,  death  shortly  ensues.  This  result  cannot 
■be  due,  as  once  thought,  to  arrest  of  cutaneouci  respiration,  seeing  how  insig- 
k  DiBcaut  and  doubtful  is  the  gaseous  interchange  by  the  skin  u^  compared 
with  that  by  the  lungs.  Nor  are  the  symptoms  at  all  those  of  asphyxia,  hut 
rather  of  some  kind  of  poisoning,  marked  by  a  very  great  fall  of  tempera- 
ture, which,  however,  seems  to  be  the  result  not  of  diminished  production  of 
beat,  but  of  an  increase  of  the  di.^harge  of  heat  from  the  surface.  The  aoi- 
dohI  may  be  restored,  or  at  all  events  its  life  may  be  prolonged,  with  the 
abatement  of  the  symptoms,  if  the  great  loss  of  heat  which  is  evidently 
taking  place  be  prevented  by  covering  the  body  thickly  with  cuttou-wool,  or 
keeping  it  in  a  warm  atmosphere.  The  symptoms  have  not  aa  yet  been 
clearly  analyzed,  but  they  seem  to  be  due  in  part  to  a  pyrexia  or  fever  pos- 
sibly caused  by  the  retention  within  or  reabsorption  into  the  hloml  of  some 
of  the  constituents  of  the  sweat,  or  by  the  products  of  some  abnormal  meta- 
bolism, and  in  part  to  a  dilatation  of  the  cutaneous  vessels  caused  by  the  appli- 
cation of  varnish  ;  owing  to  the  dilated  condition  of  the  cutaneous  vessels 
the  loss  of  heat  through  the  skin  is  abnormally  large,  even  though  the 
varnish  may  not  be  a  good  conductor. 

§  441.  Abaorplton  by  the  nkin.  Although  under  normal  circumstances  the 
ekin  serves  only  as  a  channel  of  loss  to  the  body,  it  has  been  maintained  that  it 
may,  under  particular  circumstances,  be  a  meant?  of  gain,  and  the  little  which 
we  have  to  say  on  this  matter  may  perhaps  be  said  here.  Cases  are  on  record 
where  bodies  are  said  to  have  gained  in  weight  by  immersion  iu  a  bath,  or 
by  exposure  to  a  moist  atmosphere  during  a  given  period,  in  which  no  food 
or  drink  was  taken,  or  in  have  gained  more  than  the  weight  of  the  food  or 
drink  taken  ;  the  gain  in  such  cases  must  have  been  due  to  the  absorption 
of  water  by  the  skin.  Direct  experiments,  however,  throw  doubt  on  these 
rtatements,  for  they  show  that  under  ordinary  circumstances  such  a  gain  by 
the  skin  is  slight,  being  apparently  due  to  mere  imbibition  of  water  by  the 
Dpper  layers  of  the  epidermis. 

Absorption  of  various  substances  takes  place  very  readily  by  abraded 
aurfaces  where  the  dermis  is  laid  bare  or  covered  only  by  the  lowest  layers 
of  epidermis,  but  it  has  been  debated  whether  substances  in  aqueous  solution 
can  be  absorbed  by  the  skin  when  the  epidermis  i^  intact,  the  evidence  on  this 
puint  being  contradictory.  In  the  caae  of  the  skin  of  the  frog  an  absorption 
of  water  and  of  various  soluble  subataoces  certainly  takes  place.  In  the  case 
of  the  sound  human  skin  there  are  no  (I  priori  reasons  why  water  carrying 
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substances  dissolved  in  it  should  uot  pass  inward  through  the  corueoua 
well  as  the  other  layers  ol  the  epiderinis,  the  amount  so  passiug  dependii 
among  other  things,  upon  the  condition  of  the  skiu  ;  ana  common  expeir 
ence  seems  to  show  that  it  does.  Nevertheless,  the  results  of  actual  experi- 
ment are  coutiictiug.  8ome  ohuervers  maiutiiin  that  Huluhle  nou-volatile 
substances  are  not  absorbed,  and  that  volatile  substances,  such  aa  iodine, 
which  may  be  detected  in  the  system  after  a  bath  containing  them,  are 
absorbed  not  by  the  skin,  but  by  the  mucous  membrane  of  the  rcsipiratory 
organs,  the  substance  making  its  way  to  the  latter  by  volatilization  from  the 
surface  of  the  bath.  Others,  again,  have  found  evidence  uf  absorptioD. 
especially  with  volatile  substances,  even  when  care  has  been  taken  to  avoid 
all  errors ;  and  the  greater  weight  may  perhaps  be  given  to  these,  since  they 
accord  with  common  experience.  The  conflict  of  experimental  results,  how- 
ever, at  least  shows  that  we  do  not  fully  understand  the  conditions  under 
which  such  absorption  takes  place. 

There  is,  moreover,  evidence  that  even  solid  particles  can  pass  through  an 
intact  skiu.  The  lymphatics  in  the  skin  of  a  newborn  infant  have  been 
found  crowded  with  theparticles  of  the  peculiar  fatty  secretion  which  covere 
the  skin  at  birth;  and  solid  particles  rubbed  into  even  the  sound  skin  may, 
especially  when  upplie<l  in  a  fatty  vehicle^  as,  e.  ^.,  iu  the  well-known  mer- 
cury ointment,  find  their  way  into  the  underlying  lymphatics.  The  wander- 
ing leucocytes  which  are  at  times  fouud  among  the  epidermic  cells  may 
])erha[)6  take  part  in  this  transport. 


The  Mechanism  of  the  SECRErrioN  of  Sweat. 

^  442.  In  dealing  with  the  manner  in  which  various  circumstances  aHect 
the  amount  of  sweat  secreted  we  may,  as  we  have  already  said,  consider  the 
sweat  as  a  whole  to  be  supplied  by  the  sweat-glands  alone.  For  though  it 
seems  ev^ident  that  some  amount  of  fluid  must  pass  by  simple  transudation 
through  the  ordinary  epidermis  of  the  portions  of  skin  intervening  between 
the  mouths  of  the  gland?,  yet  on  the  whr>le  it  is  probable  that  the  portion 
which  so  passes  is  a  small  fraction  only  of  the  total  quantity  secreted  by  the 
skin  ;  and  direct  experiment  showa  that  even  the  simple  evaporation  of  water 
is  much  greater  from  those  parts  of  the  skin  in  which  the  glands  are  abun- 
dant, than  from  those  iu  which  they  are  scanty.  We  have  as  yet  no  evidence 
that  the  sebaceous  glands  vary  in  activity;  their  very  peculiar  form  of  secre- 
tion, if  we  may  speak  of  it  as  a  secretion,  is  not  adapted  to  sudden  changes, 
and  at  all  events  we  have  as  yet  no  evidence  that  circumstances  rapidly 
and  largely  modify  the  amount  of  sebum  discharged  by  healthy  sebaceous 
glands. 

The  secreting  activity  of  the  skin,  like  that  of  the  other  glands,  is  usually 
accompanied  and  aided  by  vascular  dilatation.  In  one  of  the  early  experi- 
ments on  division  of  the  cervical  sympathetic,  it  was  observed  that  in  the 
case  of  the  horse,  the  vascular  dilatation  of  the  tace  on  the  side  operated  on 
was  accompanied  by  increased  perspiration.  Indeed,  the  connection  between 
the  state  oi  the  cutaneous  bloodvessels  and  the  amount  of  perspiration  Is  a 
matter  of  daily  observation.  When  the  vessels  of  the  skin  are  constricted, 
the  secretion  of  the  skin  is  diminished:  wheu  they  are  dilated,  it  becomes 
abundant.  In  this  way,  as  we  shall  later  on  point  out,  the  temperature  of 
the  body  is  largely  regulated.  When  the  surrounding  atmosphere  ia  warm, 
the  cutaneous  vessels  are  dilated,  the  amount  of  sweat  secreted  is  iucreosed, 
and  the  consequently  augmented  evaporation  tends  to  cool  down  the  l>ody. 
On  the  other  hand,  when  the  atmosphere  is  cold,  the  cutaneous  veeeels  are 


THK     MKCUANI8M    OF    THE    8KCBBTION    OF    SWEAT.      563 


HHtrictod,  perspiration  is  scanty,  and  leas  beat  is   lost  to  the   body  by 
Mmoration. 

The  analogy  with  the  other  secreting  organs  which  we  have  already  studied 
l«ads  UB,  however,  to  infer  that  there  are  special  nerves  directly  governing 
the  activity  of  the  sudoriparous  glands.  indej>endpnt  of  variations  in  the  vas- 
cular supply.  And  not  only  is  this  view  suggested  by  many  facts,  such  as 
tb«!  profuse  perspiration  of  the  death  agony,  of  various  crises  of  disease,  and 
of  certain  mental  emotions,  and  the  cold  sweats  occurring  in  phthisis  and 
other  lualiidies.  in  all  of  which  the  skiu  is  auieuiic  rather  than  hypertemic^ 
but  we  have  direct  exporimental  evidence  of  n  nervous  mechanism  of 
perspiration  as  complete  as  the  vasomotor  mechanism. 

If  in  the  cat'  the  peripheral  stump  of  the  divided  sciatic  nerve  be  stimu- 
late^ with  the  interrupted  current,  drops  of  sweat  may  readily  he  observed 
to  gather  on  the  hairless  sole  of  the  foot  of  that  side.  The  sweating  is  not 
dae  In  any  increase  of  blood-supply,  for  it  may  be  observed  when  the  cuta- 
neous vessels  are  thrown  into  a  state  of  constriction  by  the  stimulus,  or  even 
when  the  aorta  or  crural  artery  is  ctam[>ed  previous  to  the  stimulation,  and, 
indeed,  may  be  obtained  by  stimulating  the  sciatic  nerve  of  a  recently  ampu- 
tated  leg.  Moreover,  when  atropine  has  been  injected,  the  stimulation  pro- 
duces no  sweat,  though  vasomotor  effects  follow  as  usual.  The  analogy 
between  the  sweat-glands  of  the  foot  and  such  a  gland  as  the  submaxillary 
is  in  fact  very  close,  and  we  are  justified  in  speaking  of  the  sciatic  uerve  as 
coutainiog  secretory  5bres  distributed  to  the  sudoriparous  glands  of  the  foot. 
Similar  results  may  be  obtaiueil  with  the  nerves  of  the  fore  limb.  And  in 
ourselves  a  copious  secretion  of  sweat  may  be  induced  by  tetanizing  through 
the  skin  the  nerves  of  the  limbs  or  the  face. 

If  a  cat  in  which  the  sciatic  nerve  has  been  divided  on  one  side  be  exposed 
to  tt  high  temperature  in  a  heated  chaml>er.  the  liuih  the  nerve  of  which  has 
been  divided  remains  dry.  while  tlie  feet  of  the  other  iimlis  sweat  freely. 
Tbb  result  shows  that  the  sweating  which  is  caused  by  exi>o8ure  of  the  body 
^Co  high  temi>erature8  is  brought  about  by  the  agency  of  the  central  nervous 
•ystem.  and  not  by  a  local  action  on  the  sweat-glands ;  for  the   foot  of  the 
limb  whose  nerve  has  been  divided  is  et^ually  exix>sed  to  the  high  tempera- 
ture.    A  bigb  temperature  it  is  true  up  to  a  certain  limit  increases  the  irrita- 
bility of  the  epithelium  of  the  sweat-glands  and  predisposes  it  to  secrete,  just 
ma  it  promotes  action  in  the  case  of  a  muscle  or  nerve  or  other  forms  of  living 
■ubst&noe.     Thus  stimulation  of  the  sciatic  in  the  cat  pnxhices  a  much  more 
sbuodant  secretion  in  a  limb  exposed  to  a  temperature  of  35°  or  somewhat 
!above,  thau  in  one  which  huM  been  exposed  to  a  distinctly  lower  temperature, 
mod  ia  a  limb  which  has  been  placed  in  ice-cold  water  harilly  any  secretion 
at  all  can  be  gained  :  but  apparently  mere  rise  of  temperature  without  nerve- 
.aumalatiou  will  not  give  rise  to  a  secretory  activity  of  the  glands.     The 
[^wealing  caused  by  a  dyspnceic  condition  of  blood,  and  such  ap{>ear8  to  be 
'the  sweat  of  the  death  agony,  is  similarly  brought  about  by  the  agency  of 
'the  central  nervous  system.     When  an  animal  with  the  sciatic  nerve  divided 
[00  one  side  is  made  dyspnieic.  no  sweat  appears  in  the  hind  limb  of  that  side, 
though  abundance  is  seen  in  the  other  feet. 

Sweating  may  be  brought  about  as  a  reHex  act.  Thus  when  the  central 
aUimp  of  the  divided  sciatic  is  stimulated  sweating  is  induced  in  the  other 
liaba,  and  in  oaraelves  the  introduction  of  pungent  substances  into  the  mouth 
will  ft^ueotly  give  rise  to  a  copious  perspiration  over  the  side  of  the  face. 

*  Tluf  c<it  fwcft!-  frr^ly  Id  tbeblilr1e*c«  itilc-  i-r  the  frvt  1»iit  not  mi  anv  imrt  .'f  tin.-  U»U  cnv-jrvd 
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We  are  thus  lead  to  speak  of  sweat  centres,  analogous  to  the  var^omotor  cen- 
tres, as  existing  in  the  central  nervous  system ;  and  as  in  the  case  of  vaso- 
motor centres,  a  dispute  has  arisen  as  to  whether  there  is  a  dominant  sweat 
ID  the  medulla  oblongata  or  whether  such  centres  are  more  generally  dis- 
tributed over  the  whole  of  the  spinal  cord. 

It  dives  not  at  present  appear  certain  whether  the  sweating  caused  by  heat 
is  carried  out  by  direct  action  of  the  heated  blood  on  the  sweat  centres,  or 
by  the  higher  temperature  stimulfttiug  the  skin  and  so  sending  up  aiferent 
impulses  which  produce  the  eH'ect  iu  a  reBex  manner;  but  in  the  case  of 
dyspnoea  at  least  we  may  fairly  suppose  that  the  action  of  the  venous  blood 
is  chiefly  if  not  exniusively  on  the  nerve  centres.  Some  drugs,  such  as  pilo- 
carpine, which  cause  sweatin)^,  appear  to  produce  their  effect  chiefly  hy  a 
local  action  on  the  glands,  since  the  action  continues  after  the  division  of  the 
nerves  (though  pilocarpine  appareutly  has  as  well  some  slight  action  on  the 
nerve  centres),  and  the  auLagouibtic  action  of  atropine  is  similarly  local. 
Picrotoxine  and  strychnine  appear  to  produce  their  sweating  action  chiefly  if 
not  exclusively  by  acting  on  the  central  nervous  system,  while  nicotine  seems 
to  act  both  centrally  and  peripherally. 

U  443.  The  sweat-fibres  fur  the  hind  foot  (in  the  cat)  appear  to  leave  the 
spinal  cord  by  the  roote  of  the  lower  dorsal  and  up]>er  lumbar  nerves,  paoe 
along  the  raini  communiiunit^^  to  the  abdominal  sympathetic,  and  thus  reach 
the  sciatic  nerve.  They  thus  follow  very  much  the  course  of  the  vaso-coD- 
Btriclor  fibres  of  tht!  lower  limb  ;  but  the  particular  spinal  nerves  by  which 
the  sweat-tibres  issue  from  the  cord  have  not  yet  been  definitely  settled,  and 
possibly  they  are  iu  the  dog  and  c^t  the  last  two  or  the  last  three  dorsal  and 
first  two  or  four  lumbar  nerves.  Similarly  the  sweat-nerves  for  the  fore-f<jot 
leave  the  spinal  cord  by  the  roots  of  some  of  the  upper  (chiefly  the  fourth, 
but  possibly  also  the  tit'ih  and  sixth)  dorsal  nerves,  pass  into  the  thoracic 
sympathetic,  thence  inro  the  gangli;>u  steltatum,  and  so  join  the  brachial 
plex\i8  by  the  fine  branches  passing  from  the  ganglion  to  the  spinal  nerves. 
The  course  to  the  forefoot  is  finally  along  the  median  and  ulnar  nerves 
respectively.  In  the  horse  the  sweat-fibres  for  the  side  of  the  face  and  in  the 
pig  those  for  the  snout  appear  to  run  in  branches  of  the  fifth  nerve  and  not 
in  the  facial ;  in  the  latter  animal  at  least  some  of  these  fibres  reach  the  fiflh 
nerve  from  the  cervical  sympathetic,  but  appareutly  not  all. 

^  444.  The  fact  mentioned  above  that  in  the  horse,  afler  section  of  the 
cervical  sympathetic  nerve  on  one  side  of  the  neck,  profuse  sweating  is  apt 
to  break  out  on  that  Ride  of  the  face,  has  suggested  the  idea  that  this  nerve 
conveys  inhibitory  impul^^es  to  the  sweat-glands  of  the  head  and  face,  and 
that  when  it  is-divided  thu  sweat-fibres  running  in  the  fifth  nerve,  having 
nothing  to  counteract  them,  t^et  up  sweating.  But  it  is  probably  suflicient  in 
this  case  to  supjwse  that  the  glands  predisposed  to  activity  by  the  higher 
temperature  brought  about  by  the  section  of  the  sympathetic  dilating  the 
bloodvessels,  are  more  easily  excited  by  any  stimulus  working  upon  them 
through  the  fillh  nerve.  And  though  the  idea  of  a  double  nervous  mechan- 
ism, augmenting  and  inhibitory,  governing  the  activity  of  the  sweat-glands, 
is  a  tempting  one,  there  are  at  present  no  satisfactory  reasons  for  adopting  it. 


CHAPTER  IV 


THE  METABOLIC  PROCESSES  OF  THE  BODY 


!^  446.  We  have  followed  the  food  through  its  changes  in  the  alimentary 
caual.  and  have  seen  it  enter  into  the  blood,  either  directly  or  by  the  inter- 
mediate channel  of  the  lactealt*,  in  the  form  of  peptone  (or  otherwise 
modified  albumin),  sugar,  lactic  acid,  and  faU,  accompanied  by  various  salts 
Asd  water.  We  have  further  seen  that  the  waste  products  which  leave  the 
body  are  urea,  carbonic  acid,  salts  and  water.  We  have  now  to  attempt  to 
cooDect  together  the  food  and  the  waate  pr<xluctfl ;  to  trace  out  as  far  a«  we 
are  able  the  various  steps  by  which  the  one  is  transformed  into  the  other. 
There  remains  the  further  task  to  inquire  into  the  manner  in  which  the 
energy  net  free  in  tliis  transformation  is  distributed  and  made  use  of. 

The  master  tisauea  of  the  body  are  the  muscular  and  nervous  tissues ;  all 
the  other  tissues  may  be  regarded  as  the  servants  of  these.  And  we  may 
fiurljr  presome  that,  besides  the  digestive  and  excretory  tisauea  which  we 
have  already  studied,  many  jmrts  of  the  body  are  engaged  either  in  further 
elaboniting  the  comparatively  raw  food  which  enters  the  blood,  in  order  that 
it  may  be  assimilatet^  with  the  least  possible  labor  by  the  master  tissues,  or 
in  «o  modifying  the  waste  products  which  arise  from  the  activity  of  the 
master  tissues  that  they  may  be  removed  from  the  boily  as  speetlily  as  pos- 
sible. There  can  1>e  no  doubt  that  manifold  iuterme<liate  changes  of  this 
kiflJ  do  lake  place  in   the  body;  but  our  knowledge  of  the  matter  is  at 

C resent  very  imperfect.  In  a  few  instances  only  can  we  localize  these  meta- 
olic  actions  and  speak  of  distinct  metabolic  tissues.  In  the  majority  of 
cases  we  can  only  trace  out  or  infer  chemical  changes,  without  being  able  to 
say  more  than  that  they  do  take  place  somewhere ;  and  in  consequence,  per- 
haps soniewhat  loosely,  speak  of  them  as  taking  place  in  the  blood. 

How  little  we  know  concerning  the  metabolism  of  the  master  tissues 
themselves  was  shown  when  we  were  dealing  with  theiie  tissues  in  an  earlier 
part  of  this  work  ;  but  bucccas  in  the  study  of  these  can  hardly  be  expected 
until  our  knowledge  is  increased  as  regards  the  changes  which  the  blood 
undergoes  before  it  reaches  and  afier  it  leaves  the  muscle  or  the  nerve*  The 
fa<rt  that  a  large  part  of  the  absorbed  food  is  carried  through  the  liver  before 
it  ia  thrown  on  the  general  circulation  leads  us  to  suppose  that  in  this  large 
organ  important  metabolic  processes  are  carried  on  ;  and  observation  with 
axperiment  confirms  this  view.  Important  as  the  secretion  of  bile  may  be 
the  other  metabolic  funcliuna  of  the  liver  are  of  still  greater  im|X)rtance; 
and  preparatory  to  the  study  of  these  we  may  now  take  up  the  structure  of 
this  organ. 


The  Sthucture  of  the  Liver. 


fi  446.  The  liver  is  a  gland,  the  cimducting  portion  of  which,  the  bile-duct 
or  gall-duct,  after  repeated  division  ends  in  passages  lined  by  secreting 
structures;  but  the  comparatively  simple  urrnng(Mnent  seen  ia  other  glands 
ID  which  the  terminal  ducts  or  ductules  end  in  blind,  tubular  or  flask -shaped 
alveoli  is,  in  the  liver,  modified  and  to  a  certain  extent  ubticured.    These 
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modificatioDs  may  be  ascribed  on  the  one  hand  to  the  faot  that  the  cells  which 
provide  the  secretion,  being  also  engaged  as  we  have  just  said  in  important 
metabolic  duties,  are  developed  out  of  proportion  to  the  biliary  paasagee, 
and  on  the  other  hand  to  the  fact  that  the  ordinary  vascular  supply  of  an 
artery  Thepatic  artery)  ending  through  capillaries  in  a  vein  (hepatic  vein),  is 
overshadowed  by  the  great  portal  system ;  the  great  and  wide  vena  port:fi 
divides  into  venous  cjipillariea,  and  these  are  gathered  up  again  intd  the 
hepatic  vein,  which  thus  draws  its  main  supply  of  blood  from  it  rather  thaa 
from  the  much  smaller  hepatic  artery. 

The  whole  liver,  invested  with  a  capsule  of  connective  tissue  and  marked 
out  into  its  several  lobes,  is  divided  by  septa  of  connective  tissue  into  ■ 
number  of  small  primary  unit^  of  somewhat  polygonal  form,  called  lobuUs, 
each  being  in  mass  about  the  size  of  a  pin's  head.     The  dietiuctnefis  of  a 

[Fio.  161. 


A,  rigbt, 
fiMue;  G. 
VSDOSin;  t 


DKOER  SCRfACE  OP  THE  LlNXH. 

and  B,  left  lobe ;  C,  quMlnUe  lobe ;  D,  i|iiKeliiiii,  and  E.  caudnte  lobe :  F,  lonctludlOAl 
gall-bladder:  Q.  vena  cava:  b,  vena  pons:  c.  rouDd  llgumont;  d,  oblilerated  ductus 
,  common  bopAUc  duct :  /.  cystic  duct ;  g,  common  bile-duct :  h,  he(iAlJo  artery.] 


lobule  from  its  neighbors  depends  on  the  relative  abuadance  of  the  con- 
nective tissue  which  separates  them  ;  and  this  is  much  more  conspicuous  in 
some  animals  (such  as  the  pig)  than  in  others  (such  as  the  rabbit  or  man). 

The  large  portal  vein  [Fig.  Ifil],  the  much  smaller  bile-duct,  and  the  still 
smaller  hepatic  artery,  entering  the  liver  together  on  its  under  surface  at  the 
porta  hepatica^  or  gate  of  the  liver,  are  invented  with  a  considerable  quantity 
of  connective  tissue,  carrying  also  lymphatics  and  nerves,  which  is  con- 
tinuous with  the  connective-tissue  covering  of  the  whole  liver  and  is  oalled 
Glisson's  capsule.  Rapidly  dividing,  the  divisions  continuing  to  run  together 
side  by  side  in  the  beds  of  connective  tissue  into  which  Glisson's  capsule  is 
continued,  the  three  vessels  ultimately  reach  the  outsides  of  the  several 
lobules,  the  septa  of  connective  tissue  defining  the  lobules  from  each  utber 
btfing  the  terminations  of  Glisson's  capsule  carrying  the  three  sets  oi  vessels. 
The  small  branches  of  the  portal  vein  thus  reaching  the  surface  of  the 
lobules,  and  running  and  anastomosing  freely  between  the  lobulee,  are 
spoken  of  aa  inierlobuhiT  veins.  [Fig.  ItVi.]  Thus  each  lobule  is  provided, 
at  different  parts  of  its  circumference,  with  two,  three,  or  more  interlobular 
veins,  accompanied  in  a  manner  which  we  shall  describe  by  divisions  of  the 
bile-duct  and  hepatic  artery,  all  being  imbedded  in  a  (variable)  quantity  of 
connective  tissue. 
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El&cb  lobule  at  one  part  of  its  circumference  resta  directly,  with  the  inter- 
veulion  of  hardly  any  connective  tissue  at  all,  upon  a  email  vein  which  is 
oot  part  of  the  portal  vein,  but  which  when  traced  out  is  found  to  pufts  into 
Mnd  furai  the  hepatic  vein  ;  it  is  called  a  tniblobular  vein.  A  lobule  in  fact, 
thoDgh  generally  polyhedral  as  seen  in  sectionfl  of  the  liver,  may  be  con- 
'•idem  as  somewhat  of  the  form  of  a  broad  inverted  Bask,  the  neck  of  which 
bU  directly  on  a  Hublobular  branch  of  the  hepatic  vein,  and  upon  the 
polygonal  body  of  which,  surrounded  by  more  or  less  connective  tissue,  abut 
at  various  points  interlobular  branches  of  the  portal  vein. 


IFlO.  IC'i 


DliCkAVHATIC   RKTIIVXTITATION   or  TKO   UcrAHC  IXlVULBl. 

Tbe  Wlt-bamt  lulmle  L»  ro|ire*eukitl  wltli  iho  !Q(raJobtilar  vdu  cutAcrvw;  tn  Iberigbt-bandonetbe 
MCtUw  takes  Ukc  couem  of  tba  hitralubular  vvXn.  p,  Inttirlobular  bnncbos  of  Uw  purtal  velti ;  k, 
iMnlobaUr  bmocb«  of  ttie  h^iAtlc  velii&:  «.  tublobuliir  vein ;  c,  L'«[>llUri«i  <^  the  lobulu.  Tbe 
wmwi  tadlAle  tbe  dlreoUoa  of  tbe  courae  of  tbe  blood.  Tbe  llTcr-ccUa  are  onljr  rcpnaeoicd  in  one 
pan  of  «acb  lobule.] 

1^447.  The  network  of  interlobular  veins  surrounding  the  circumference 
of  a  lobule  gives  origin  to  a  number  of  rather  wide  capillary  vessel?  which 
ruti  in  a  radial  direction  toward  the  middle  of  the  lobule ;  these  are  connected 
bj  cross  oapillaries,  which,  however,  are  shorter  and  less  abundant  than  the 
radial  capiUaries,  so  that  the  meehes  are  elongated,  more  or  less  rectangular 
epac«A  converging  radially  toward  tbe  centre  of  the  lobule.  Toward  the 
middle  of  the  lobule  the  capillaries  merge  into  a  single  vein,  called  an  intra- 
tobuiar  vein,  which,  running  down  the  neck  of  the  flask,  ant)  receivinf^  the 
capUlariee  of  the  neck  as  it  goes,  falls  into  the  sublobular  vein  spoken  of 
above. 

The  elongated  meshes  of  this  capillary  network  converging  rapidly  toward 
tbe  intralobular  vein  at  itsl>eginningin  the  body  of  the  Haak-like  lobule  and 
A«  it  ia  continued  along  the  neck  of  the  flask,  areoccupieii  by  relatively  large 
polygonal  nucleated  cells,  which  we  shall  presently  describe  in  detail  atiheftfttic 
<KW.  The  width  of  a  mesh  is  generally  such  as  to  admit  one  or  two  cells 
abreast,  but  its  length  adrnita  several  cells  ;  hence  the  cells  are  arranged  iu 
narrow,  radiating,  broken  cohimns  converging  toward  the  middle  of  the 
lobtile. 

Tbe  columnfl  of  cells  and  the  roeshwork  of  capillariea  practically  con- 
stitute tbe  whole  of  the  lobule,  for  beeidee  a  minimum  of  connective  tissue 
fenDing  an  adventitia  to  the  capillariea,  certain  lymphatic  paasages  aHorded 
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by  this  advcntitia.and  extremely  mioutc  passages  which  form  the  beginoiiif^ 
of  the  bile-clucta,  and  of  which  we  shall  speak  later  on,  nothing  elae  is 
present.  The  lobule  in  fact  cousista  fii-st  of  a  vascular  framework  of  capil- 
laries, which,  taking  origin  at  the  surface  of  the  lobule  from  the  interlobular 
portal  veinlets,  are  disptjsed  in  a  network  with  meshes  elongated  in  a  radial 
direction,  and  converge  at  the  centre  of  the  lobule  to  form  the  intralobular 
veinlet  falling  into  the  aublubular  (hepatic)  vein,  and  secondly  of  radiatini.' 
columns  of  cells  filling  uj>  the  radiating  meshes  of  this  vascular  network. 
Hence  in  a  section  nf  a  hardened  and  prepared  uninjected  liver,  in  which 
the  bloodvessels  are  largely  emptied,  the  areas  of  the  sections  of  lobules  are 
indicated  by  the  radically  converging  columns  of  cells,  and  (according  to 
the  animal  employed)  are  more  or  less  distinctly  marked  out  by  the  septa  of 
connective  tissue,  in  which  may  be  seen  here  and  there  the  lumina  of  the 
larger  interlobular  veins.  In  lobules  in  which  the  section  has  passed 
through  the  middle  of  the  lobvile,  the  lumen  of  the  central  intralobular  vein 
will  also  he  visible  ;  hut  often  the  section  will  cut  a  lobule  so  superficially  a^ 
to  miss  the  intralobular  vein  aitopelher ;  and  it  U  only  when  the  section 
happens  to  pass  through  the  middfe  of  the  lobule  in  the  plane  of  the  long 
axis  of  the  dask,  that  the  origin  of  the  intralobular  vein  in  the  middle  of 
the  body  of  the  flask  and  its  course  along  the  neck  to  the  sublobular  vein  is 
displayed. 

^  448.  If  the  section  be  extensive  enough  there  may  be  seen  here  and  there 
sections  of  the  portal  vein,  hepatic  artery,  and  bile-duct  running  in  Glis^ou'a 
capsule.  Sections  of  the  branches  of  the  hepatic  vein  formed  by  the  union 
of  sublobular  veins  may  also  be  seen.  These  may  be  recognized  by  the 
absence  or  by  the  extreme  scantiness  of  any  connective-tissue  wrapping  to 
the  vein,  even  in  the  case  of  the  larger  branches.  The  wall  of  the  vein,  too, 
is  very  thin,  and  consists  of  hardly  more  than  the  tunica  intima  resting  on  a 
thin  connective  tissue  basis,  muscular  fibres  being  so  very  scanty  that  the 
tunica  media  may  be  said  to  be  absent. 

The  walls  of  the  portal  vein,  on  the  contrary  are  thick  and  muscular; 
the  trunk  is  more  abundantly  supplied  with  muscular  Hbres  than  any  other 
vein  in  the  Inxly  ;  and  tht;  branches  within  the  liver  are,  in  diminishing 
degree,  thick  and  muscular.  This  is  intelligible  when  it  is  remembered  that 
the  blood  h  distributed  into  capillarica  fmm  the  portal  vein  as  from  an 
artery  ;  and  indeed  it  has  been  maintained  that  the  portal  vein  is  subject  to 
rhythmic  contractions  ot  its  walls,  as  if  to  assist  in  the  passage  onward  of 
the  blomi.  Neither  in  the  trunk  nor  in  the  branches  are  any  valves  present^ 
and  these  are  also  absent  from  the  branches  of  the  hepatic  vein. 

The  branches  of  the  hepatic  artery  are  very  much  smaller  than  the 
branches  of  the  portal  vein,  and  even  much  smaller  than  the  branches  of 
the  bile-duct  in  company  with  which  they  run.  As  they  proceed  in  their 
course  they  supply  the  walls  of  the  portal  veins  and  of  the  bile-ducts  and 
the  substance  ot  Glisson's  capsule,  and  eventually  discharge  their  blood 
into  the  portal  veinlets.  It  has  been  maintained  that  some  of  the  finer 
branchea  run  directly  into  the  vascular  meshwork  of  the  marginal  parts 
of  the  lobules,  hut  this  is  disputed. 

§449.  The  bile-tiucts.  The  larger  bile-ducts,  namely,  the  hepatic  duct 
leading  from  the  liver,  the  cystic  duct  leading  from  the  gall-bladder,  and 
the  common  bile-duct  formed  by  the  junction  of  the  two,  have  the  ordinary* 
characters  of  large  gland-ducts.  An  epithelium  of  columnar  cells  resta  on 
a  connective-tissue  basis,  and  so  constitutes  a  nuicous  membrane  ;  this  is 
supported  by  a  well  dcvelr>ped  muecular  coat,  consisting  of  a  thicker  internal 
layer  of  circularly  digposed,  and  a  thinner  external  layer  of  longitudinally 
disposed,  plain  muscular  fibres  mixed   up  with  a  good  deal  of  connective 
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tissue.  The  walls  of  the  gall-hladder  have  esseutially  the  game  structure. 
Both  the  gull-bludder  and  the  duct»  are  capable  of  carryiug  out  periataltic 
cootractioDB  of  their  walla,  by  the  help  of  which  when  needed  (§  253)  the 
rapid  How  of  bile  iato  the  iutestiae  is  secure<l. 

The  bile-ducts  within  the  liver  are  also  similarly  constituted,  their  walla, 
of  cr.urse,  becoming  thinner  and  less  muscular  as  the  tubes  diminish  in  size, 
and  the  epithelium  becoming  cubical  rather  than  columnar.  A  character- 
istic feature  of  the  smaller  bile-ducts  as  they  run  iu  Glisson's  capsule  ia 
that,  unlike  the  ducts  of  most  glands,  they  form  freijueut  aDastomoees. 

The  epithelium  of  the  ducta  contains  many  goblet-cells,  and  in  the  walls 
of  the  larger  ducts  and  of  the  gall-bladder  small  mucous  glands  are  present; 
and  in  the  smaller  ducts  these  are  apt  to  be  simpliBed  into  mere  pits  or  short 
depreiaions  of  the  mucous  membrane. 

The  small  terminal  anastomosing  bile-ducts,  now  consisting  of  hardly 
more  than  a  cubical  epithelium  resting  on  a  connective  liAsue  basis,  niay  be 
traced  to  various  points  of  the  margin  of  a  lobule,  and  there  seem  to  end 
abruptly.  Just  before  a  bile-duct  thus  ends  ur  seems  to  end,  the  cubical  cells 
brcome  much  Hatter,  the  lumen  of  the  tube,  however,  remaining  narrow; 
and  then  tlie  end  of  the  tube  seems  blocked  up  with  the  hepatic  cells  of  the 
lobule.  To  understand,  however,  the  nature  of  this  peculiar  ending,  we 
must  return  to  the  hepatic  cells. 

$  450.  The  hepatic  cells  Hlliug  up  the  meshes  of  the  vascular  network  of 
ft  lobule  are  relatively  large  (20  to  30  fi  in  diameter  in  man)  polygonal  or 
mughly  cubical  cells.  Each  contains  a  relatively  large  rounded  nucleus, 
and  in  not  a  few  cells  two  nuclei  may  be  seen.  P^ach  cell  is  partly  in  con- 
tact with  its  neighbors,  and  partly  abuts  on  a  bloodvessel ;  for  there  is  prob- 
ably not  a  cell  in  a  lobule  which  is  not  in  touch,  for  some  part  of  its  surface, 
with  one  or  more  bloodvessels.  Where  the  surtaces  of  two  cells  meet,  their 
substances  are  iu  contact,  that  is  to  say,  there  is  no  cement  substance  between 
them,  and  the  external  layer  of  cell  substance,  though  it  may  at  times  at  all 
events  diHer  from  the  more  internal  cell  substance,  is  not  diHerentiated  into 
a  distinct  membrane  or  cuticle.  Where  the  surface  of  a  cell  abuts  on  a 
bloodvessel  the  substance  of  the  cell  is  generally  separated  from  the  wall  of 
the  venel  by  a  lymph-space,  which  is  connected  with  the  hepatic  lymphatic 
YeMeis. 

The  cell  substance  itself,  as  might  be  expected  from  what  has  been  already 
urge<]  concerning  the  metabolism  going  on  in  the  liver,  presents  appearances 
which  differ  very  widely  according  to  circumstances.  Sometimes  the  cell 
■abitaaoe  appears  dense,  compact,  and  of  fairly  uniform  texture,  though 
mere  or  less  granular;  the  whole  cell  is  then  of  relatively  small  bulk. 
Sometimes  the  cell  substance  appears  large  and  bulky,  owing  to  its  being 
largelv  loaded  with  a  substance  staining  red-brown  with  iodine,  which  we 
•hall  study  in  detail  presently,  called  glycogen.  When  such  a  cell  is  har- 
dened ana  the  glycogen  dissolved  out,  the  cell  substance  appears  to  be  so 
completely  riddled  with  vacuoles  as  to  be  reduced  to  a  mere  shell,  surround- 
ing a  looee  irregular  network  except  immediately  around  the  nucleus,  where 
il  ia  more  solid.  Hut  it  will  be  l>est  to  reserve  the  discussion  of  the.se 
changes  in  the  cells  until  we  have  studied  to  some  extent  the  metabolic 
dtangee  which  take  place  in  the  liver.  We  may  add,  however,  that  very 
freouently,  especially  in  certain  animals,  the  hepatic  cell  is  crowded  with  oil 
elomilea  of  various  sizes  ;  thet^e  are  at  times  so  numerous  as  completely  to 
bide  the  nucleus,  which  cannot  be  seen  until  the  fat  has  been  removed. 

§  4dl.  Where  the  sides  of  two  hepatic  cells  are  in  contact,  caretui  exami- 
nation with  high  powers  of  the  microscope  will  oflen  reveal,  at  about  the 
middle  of  the  line  of  junction  of  the  two  sides,  a  minute  hole,  a  tenth  or 
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lesa  of  the  diameter  of  the  cell,  which,  according  to  some  observers,  is  lioed 
with  a  delicate  cuticular  lining.  This  hole  is  the  section  of  a  minute  cauul 
passing  between  the  two  cells  in  the  middle  line  of  their  apposed  surfaces. 
A  model  of  it  might  be  made  ou  two  gmall  blocks  of  chalk  by  cutting  a 
narrow  serai-circular  groove  (lown  the  middle  of  one  side  of  each  block,  and 
then  bringing  these  two  sides  into  accurate  contact. 

We  have  already  said  (§  417)  that  the  blue  colorinp;  matter,  sodium 
sulphiudigotate^  when  injected  into  the  veins  is  excreted  by  the  liver  as  well 
as  by  the  kiiluey.  If  the  animal  be  killed  at  an  appropriate  time  after  the 
injection  and  the  liver  hardened  and  prepared,  sections  of  the  liver  will,  in 
successful  sfiecimens,  reveal  a  close  network  of  blue  thin  lines  traversing 
the  whote  of  each  of  the  lobules.  The  meshes  of  the  network  are  of  about 
the  width  of  a  hepatic  cell ;  and  upon  examination  it  will  be  found  that  the 
empty  minute  holes,  just  spoken  of  as  seen  in  the  sections  of  a  liver  prepared 
in  the  ordinary  way,  are  now  ftlled  with  the  blue  pigment;  the  minute  canal 
of  which  each  hole  is  a  section  is  a  part  of  a  network  of  minute  canals, 
passing  between  the  cells  in  various  directions  all  over  the  lobule.  They 
may  be  traced  to  the  edge  of  the  lobule,  and  at  various  points  of  the  margin 
the  blue  line  between  the  hepatic  cells  will  be  seen  to  be  ccmtinuous  with  a 
larger  quantity  of  the  same  blue  material  occupying  the  lumen  of  one  of  the 
minute  bile-tlucts  as  it  abuts  on  the  margin  of  the  lobule.  These  minute 
canals  are,  therefore,  continuous  with  the  bile-ducts;  they  are  the  termina- 
tions of  the  bile-ducts  within  the  lobules,  and  indeed  not  only  may  they  be 
iujectf^d  during  life  with  t^odium  sulphindigotate,  but  injection  material  may, 
though  with  difficulty,  be  driven  into  them  backward  along  the  bile-ducte- 
They  are  spoken  of  as  bile  capi/Utrien ;  the  name,  perhaps,  is  not  a  very 
desirable  one,  but  it  has  been  generally  adopted. 

We  said  just  now  that  each  hepatic  cell  touched  a  bloodvessel  by  at  least 
one  of  its  surfaces ;  wo  may  now  add  that  each  hepatic  cell  has  at  least  one 
aide,  and  generally  more  than  one  side,  grooved  to  form  a  bile  capillary- 
Since  each  side  thus  grooved  is  in  contact  with  the  corresponding  side  of  a 
neighlxiring  cell,  it  cannot  run  alongside  a  bloodvessel.  TTence,  belween  a 
bile  ca[ii]Iary  and  a  bloodvessel  some  amount  of  cell  substance  is  always 
interposed.  The  relative  position  of  the  bile  cjipillariea  and  bloodvessels 
may  be  illustrated  by  taking  a  cube  and  converting  it  into  a  polygon  by 
bevelling  down  the  angles  of  the  sides,  leaving  in  the  tirst  instance  those  of 
the  upper  and  lower  faces  untouched.  The  bloodvessels  may  then  be  con- 
sidered as  running  down  the  bevelled  edges,  while  bile  capillaries  run  along 
the  middle  lines  of  the  sides.  Two  such  cubes  placed  end  to  end  might 
represent  a  thin  small  islet  of  cells  in  one  of  the  smaller  shorter  radial 
meshes  of  the  vascular  network;  and  then  the  angles  of  the  upper  and 
lower  face  of  the  conjoined  cubes  would  have  also  to  be  bevelled  for  the 
cross-bars  of  the  network.  Frequently,  as  we  have  said,  the  cells  lie  two 
abreast  in  a  mcah  of  the  vascular  network;  then, of  course,  in  the  model 
the  angles  of  the  surface  in  contact  would  not  have  to  be  bevelled,  since  no 
bloodvessels  run  between  them.  If  several  such  bevelled  cubes  were  bailt 
up  into  a  model,  it  would  be  seen  that  the  network  of  bile  capillariee  runs 
along  the  middle  of  the  surfaces  between  the  bloodvessels,  forming  nodal 
points  where  cells  are  in  contact  with  each  other  by  their  surfaces,  and 
leaving  some  amount  of  cell  substance  between  the  bile  capillary  and  the 
bloodvessels.  This  at  least  may  be  taken  as  the  typical  arrangement,  when 
the  network  of  bile  capillaries  is  most  complex.  But  many  cells  have  the 
lumen  of  a  bile  C4ipillary  on  one  side  only  ;  and  occasionally  a  bile  capillary 
is  seen  in  section  at  the  point  of  convergence  of  three  cells  afler  the  fashioD 
of  an  ordinary  alveolus. 
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When  a  bile-duct  abute  od  the  margin  of  a  ]obule  the  lumen,  as  we  have 

f)reviously  said,  fieems  suddenly  to  corae  to  an  end.  The  flattened  cells 
ioing  the  ductule  or  terminal  portion  of  the  duct  suddenly  change  into 
large  hepatic  cells,  marginal  eelU  of  the  lobule,  which  appear  to  be  com- 
pletely in  contact  with  each  other  and  to  block  up  the  ductule.  But  along 
the  sides  of  these  marginal  cells  as  of  alt  the  other  cells  of  the  lobule  run 
bile  capillaries,  and  these  are  continuous  on  the  one  side  with  the  lumen  of 
the  ductule,  and  on  the  other  hand  with  the  network  of  the  bile  capillariea 
traversing  the  lobule.  In  the  ductule  itself  the  lumen  is  single,  cylindrical, 
and  of  some  size,  it  suddenly  divides  into  much  smaller  passages,  and  the 
cellj?  liuing  these  smaller  branching  passages  are  no  longersimply  epithelium 
cells  lining  aduct,  but  complex  hepatic  cells. 

It  would  appear  then  that  ailer  all  the  hepatic  cells  are  really  cells  lining 
the  terminal  secreting  portions  of  the  duct,  liuing  we  might  almost  say  the 
alveoli,  but  owing  on  the  one  hand  to  the  distribution  of  bloodvessels,  so 
different  from  that  which  obtains  in  the  alveoli  of  other  glands,  and  on  the 
other  hand  to  modifications  of  the  hepatic  cells,  due  to  their  being  engaged 
in  other  functions  than  that  of  secreting  bile,  the  relations  of  the  cells  to  the 
lutnina  of  the  alveoli  is  peculiar. 

FlO.  163. 


6kctio!«  or  Liver  or  Frog.    (ImNolcy.) 

TIm  flcnra  shows  Ibe  tubular  structure  of  Oio  liver.  M  a  a,  tubule  is  seen  in 
loncltuAlnftl  lectloD:  t.  Inmen  oflubule  ;  the  Uver  was  that  of  a  winter  frog,  Aud 
Inner  lone  or  proield  graaulcs :  tbe  oatcr  zone  wai;  obicfly  ooeuplua  by  t(lyco^-D. 


tniiifivcrse,  at  h  in 
the  cb1l»  wboHran 


ii  452.  In  the  lower  animals  the  structure  of  the  liver  is  simpler,  and  a 
brief  description  of  the  frog  s  liver  may  perhaps  assist  toward  the  compre- 
hension of  the  nature  of  the  mammalian  liver.  The  liver  of  a  frog  as  seen 
lo  a  section  appears  to  be  made  up  of  a  number  of  tubules,  which  repeatedly 
Dot  only  branch  but  also  anastomose  (Fig.  1^3),  and  among  which  run  the 
capillary  bhwKlvessels  uniting  the  branches  of  the  portal  with  those  of  the 
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hepatic  veiu.  There  is  no  very  obvious  division  into  lobules;  indeed,  in  a 
Bection  of  Bmall  area  the  tubulee  appear  to  run  irregularly  ;  uevertheleae 
they  have  a  definite  arrangement  around  the  branches  of  the  hepatic  vein. 
Both  longitudinal  and  transverse  sections  of  one  of  these  tubules  show  that 
it  is  lined  with  large  wedge-shaped  cells,  leavinga  very  narrow,  almost  linear 
but  still  distinct  luraen.  Around  the  tubule  is  disposed  a  network  of  capil- 
laries, and,  as  in  the  alveolus  of  an  ordinary  gland,  the  bloodvessel  is  sepa- 
rated from  the  lumen  of  the  tubule  by  the  tbickuesa  of  an  entire  cell.  Each 
cell  possesses  a  rounded  nucleus  which  lies  in  the  outer  part  of  the  cell  nearer 
to  the  bloodvessel  than  to  the  lumen  ;  and  we  may  mention  here,  though  we 
shall  return  to  the  point  later  on,  that  the  ceil  substance  contains  a  number 
of  granules  which  are  sometimes  scattered  throughout  the  cell  and  sometimes 
aggregated  near  the  lumen.  The  hepatic  cell  of  the  frog  repeats  in  fact  the 
main  characters  of  the  secreting  cell  of  an  ordinary  gland,  of  a  pancreatic 
cell  for  example.  The  tubules,  moreover,  when  traced  are  found  to  end  in 
duels,  the  (secreting)  hepatic  cells  suddenly  changing  to  cubical  and  then  to 
columnar  (conducting)  celbi,  which  in  the  larger  ducts  bear  cilia.  In  other 
words,  the  hepatic  tubules  of  the  frog  are  alveoli,  difl'ering  from  the  alveoli 
of  an  ordinary  gland,  in  that  they  repeatedly  anastomose  as  well  as  branch, 
and  in  that  the  lumen  is  very  narrow  and,  since  it  also  branches  and  anasto- 
moses, forrae  a  network  of  line  passages. 

Fnmi  a  liver  such  as  that  of  the  frog  the  change  to  the  arrangement  of 
the  mammalian  liver  Jsoue  of  degree  only.  The  branching  and  anastomosing 
of  the  tubules  is  still  more  frequent  and  complete  and  the  lamina  of  the 
tubules  still  narrower,  so  much  so  that  each  cell,  as  it  were,  takes  part  in  sev- 
eral tubules,  and  the  network  of  the  lamina  or  bile  capillaries  is  so  close  set 
that  the  meshes  are  of  about  the  same  width  as  the  hepatic  cells.  The  blood- 
vessels, moreover,  are  more  abundant,  and  by  the  establishment  of  an  arrange- 
ment whereby  inter-lobular  (portal)  veinleta  send  capillaries  to  converge 
radially  to  an  intralobular  (hepatic)  veinlet,  the  hepatic  substance,  insteaid 
of  as  in  the  frog  being  distributed  more  or  less  uniformly,  is  divided  into  a 
number  of  small  areas,  the  hepatic  lobules. 

§  453.  Concerning  the  nerves  of  the  liver  we  shall  say  what  there  is  to  be 
said  when  we  come  to  consider  the  action  of  the  nervous  system  on  the 
hepatic  metabolic  [irocesses. 

With  lyraphatica  the  liver  is  well  provided.  Within  the  lobule  lymph- 
spaces  exist  between  the  wdls  of  the  vascular  network  and  the  outer  margins 
of  the  hepatic  cells,  and  at  the  circumference  of  the  lubule  these  spaces  open 
into  definite  lymphatic  vessels  which  run  in  the  connective  tissue  separating 
the  lobules  and  forming  the  beginnings  of  Glisson's  capsule.  The  lymphatic 
vessels  lying  near  the  upper  surface  of  ihe  liver  find  their  way  along  the 
ligaments  of  the  liver  to  the  thoracic  lymphatics,  those  coming  from  the  right 
side  passing  to  the  right  lymphatic  trunk  ;  all  the  rest  of  the  Ivtnphatics  pass 
out  along  tne  portal  canal  and  fall  into  the  abdominal  thoracic  duct. 

From  the  details  given  above  we  may  infer  that  the  liver  is  in  part  an 
ordinary  secreting  gland.  The  hepatic  cells  living  on  the  blood  brought  to 
them  manufacture  bile,  which  they  discharge  into  the  narrow  lumina  of  the 
minute  bile  capillaries,  from  whence  it  flows  outside  the  lobule  along  the  more 
open  passages  of  the  bile-ducts.  But  the  blood-supply  is  not  only  out  of  all 
proportion  to  the  demands  of  mere  secretory  work,  but  also  is  peculiar  in  so 
Jar  that  the  blood  reaches  the  liver  laden  with  many  of  the  products  of  dige^ 
tion.  This  would  lead  us  to  infer  that  the  hepatic  cells  are,  as  we  have 
already  suggested,  also  largely  eugage<l  in  with<lrawing  substances  from  the 
portal  blood,  not  for  the  purpose  of  simply  forming  hue,  but  in  order  that 
other  substances,  or  the  same  substances  more  or  less  altered  should  be  added 
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to  the  blood  of  the  hepatic  vein  and  so  distributed  throughout  the  body  for 
the  body's  uee.  And  we  have  experimeotai  evidence  that  Buch  a  work  ia 
carried  on. 

The  History  op  Glycogen. 

§  454.  If  the  ]iver  of  a  well-fed  animal  be  removed  immediately  after 
<l«fttb,  rapidly  divided  into  small  pieces,  thrown  into  boiling  water,  rubbed 
up  and  boiled,  a  decoction  may  be  obtained  which  after  careful  neutraliza- 
tion and  filtration  will  be  tolerably  free  from  proieid  matter,  ^^uch  a  decoc- 
tion is  remarkably  opaleflceDt,  milky  in  fact  in  appearance,  much  more  so 
than  a  similar  decoction  from  muHcle  or  other  tiesue,  and  remains  opalescent 
ttvtn  af\cr  repeated  filtration.  Treated  with  io<line,  the  solution  turns  a 
brownish-red.  port*wine  red  color,  not  unlike  that  given  by  dextrin  when 
iodine  ia  added  ;  the  color  disappears  on  warming,  hut  reappears  on  cooling 
provided  that  not  to<>  much  proteid  matter  has  been  left  in  the  solution. 
Trtsated  with  Fehliug's  tiuid  or  other  tests  for  sugar,  the  solution  i&  fuund 
t(>  contain  a  small  and  variable,  but  only  a  small,  quantity  of  sugar. 

If  the  solution  be  exposed,  preferably  in  the  warm,  to  the  action  of  saliva 
or  of  some  other  amylolytic  ferment,  or  be  boiled  with  dilute  acid,  the  opales- 
cence disappears  ;  and  tne  now  clear  transparent  solution  gives  no  longer  the 
p<irt-wine  reaction  with  iodine.  Testeil,  moreover,  with  Fehling's  Huid  or  by 
other  means  it  ia  now  found  to  contain  a  considerable  quantity  of  sugar. 

If  alcohol  be  added  to  the  opalescent  solution  until  the  mixture  contains 
60  per  cent  of  the  alcohol  (previous  concentration  by  evaporation  being 
desirable)  a  white  amorphous  precipitate  is  thrown  down.  This  precipitate, 
removed  by  filtration,  boiled  with  an  alcoholic  solution  of  potash  in  which 
it  ia  insoluble,  but  which  dissolves  and  destroys  any  proteids  which  may  be 
present,  treated  with  ether  to  remove  fatty  impurities,  and  washed  with 
alcohol  may  be  obtained  in  a  pure  condition.  It  then  appears  as  a  white 
Amorphous  powder,  fairly  soluble  in  water,  but  always  giving  rise  to  a  milky 
opAlesccDt  solution  unless  an  ex(*ess  of  alkali  be  present,  in  which  case  the 
OfMtlesoeDce  may  be  alight  or  absent. 

The  opalescent  solution  of  this  purified  material  gives  a  port-wine  reaction 
with  iodine,  but  nn  reaction  whatever  with  Fehling's  fluid  or  the  other  sugar 
testa.  Treated  with  an  amylolytic  ferment  or  boiled  with  dilute  acid,  the 
solution,  like  the  raw  decoction  of  liver,  loses  its  opalescence  and  its  port- 
wiue  reaction  with  iodine  but  now  gives  abundant  evidence  of  the  presence 
of  sugar,  dextrose,  if  boiling  with  acid  has  been  employed,  maltose  chiefly, 
if  an  amylolytic  ferment  has  been  used.  If  quantitative  determinations  be 
employed  it  will  be  found  that  the  amount  of  sugar  oblaine<l  is  proportion- 
ate to  the  amount  of  the  white  powder  acted  upon  ;  in  other  words  the  sub- 
■tADoe  forming  an  opalescent  solution  is  converted  int<^  ^lugar,  the  solution  of 
^which  is  clear.  Obviously  the  8ul>slancc  is  a  bo<ly  allied  to  the  starch  ;  and 
ibis  is  confirmed  by  its  elementary  composilion,  which  ia  found  to  be  C^HigO^ 
or  some  multiple  of  this. 

Hence  this  b(>dy  is  called  ffh/eogen.  And  it  is  obvious  from  what  has  been 
•UUed  above  that  the  liver  of  a  well-fed  animal  at  the  moment  of  death  con- 
a  considerable  quantity  of  glycogen  cither  in  a  free  state  or  in  such  a 
lition  that  it  is  set  free  by  subjecting  the  liver  to  the  action  of  boiling 
'wftter.  We  may  add  that  it  occurs  in  the  liver  in  the  hepatic  cells,  for  the 
reaction  of  a  port-wine  cM)lor  given  under  certain  conditions  by  the  hepatic 
ceils  ( $  450)  is  due  to  the  presence  of  glycogen  in  them. 

§  455.  If  the  liver,  instead  of  being  treated  immediately  upon  the  death 
of  the  animal,  is  allowed  to  remain  in  the  body  of  the  dead  animal  for  sev- 


674 


THE     METABOLIC    PROCESSES    OF    THE    BODY. 


eml  hours,  oflpecially  in  a  warm  place,  before  a  decoctiou  is  made  of  it,  the 
decoction  will  be  found  to  have  little  or  do  opalescence,  to  be  quite  or  nearly 
quite  clear,  to  give  little  or  no  port-wine  reaction  with  iodine,  but  to  contain 
a  very  considerable  fjunntity  of  sugar.  As  we  have  said  above,  the  decoction 
even  of  a  liver  taken  immediately  after  death  generally  containa  some  little 
sugar,  and  the  quantity  of  sugar  in  the  liver  appears,  as  a  rule,  to  increase 
steadily  after  death,  the  amount  of  glycogen  diminishing  at  the  same  time. 
The  rapidity  of  the  diminution  of  glycogen  and  the  rate  of  increase  of  sugar 
vary  much  under  various  circumstances.  Moreover,  the  decrease  of  the  one 
and  the  increase  of  the  other  are  not  always  strictly  proportional ;  and,  indeed, 
some  observers  have  insisted  that  there  is  uo  relation  between  the  two  pro- 
cesses. Nevertheless,  the  broad  fact  remains  that  if  the  liver  of  the  same 
well-fed  animal  be  divided  into  two  halves  as  soon  as  possible  after  death, 
and  one  half  thrown  into  boiling  water  immediately,  while  the  other  half  is 
left  exposed  to  some  little  warmth  for  several,  say  twenty-four  hours,  the 
decoction  of  the  Hrst  half  wit!  coutaiu  much  glycogen  and  little  sugar,  white 
that  of  the  second  half  will  conluin  little  glycogen  and  much  sugar  ;  and  this 
tact  may  be  taken,  until  the  contrary  is  prove<],  to  show  that  the  glycogen 
present  in  the  liver  at  the  moment  of  death  is  gradually  after  death  by  some 
action  or  other  converted  into  sugar. 

The  action  is  that  of  some  agency  whose  activity  is  destroyed  by  the  tem- 
perature of  boiling  water ;  heuce  the  directions  repeatedly  given  above  to 
throw  the  liver  into  boiling  water.  This  naturally  suggests  the  presence  in 
the  liver  of  an  amylolytic  ferment.  Hut  uot  only  have  attempts  to  istdate 
from  the  liver  an  amylolytic  Jernient  failed,  in  the  hands  of  most  observera 
at  least,  but  the  exact  nature  of  the  sugar  which  appears  shows  that  the 
change  is  not  affected  by  an  ordinary  amylolytic  ferment.  In  the  case  of 
the  amylolytic  ferment  of  saliva,  pancreatic  juice,  intestinal  juice,  and  indeed 
of  all  other  amylolytic  animal  duids,  the  sugar  into  which  starch  or  glyco- 
gen is  converted  is  maltose.  Now%the  sugar  which  appears  in  the  liver  after 
dcAth  is  dextrose,  ideniical,  as  far  at  least  as  can  at  present  be  made  out, 
with  ordinary  dextrose.  We  are  led,  therefore,  to  infer  that  the  change  of 
glycogen  into  sugar,  which  appears  to  go  ou  after  death  is  carried  out  by 
some  action  of  the  liver,  probably  of  the  hepatic  cell  itself,  which  is  done 
away  with  by  a  tem[>ei'ature  of  100'^  C.,  but  which  is  not  the  action  of  a 
ferment  capable  of  being  isolated. 

§456.  We  have  used  above  the  phrase '*  well-fed  "  animal  because  the 
amount  of  glycogen  present  in  the  liver  of  an  animal  at  any  one  time  is 
very  variable,  and  especially  dependent  on  th^  arnauni  and  nature  of  the 
food  previously  taken.  When  all  food  is  withheld  from  an  animal  the  glyco- 
gen in  tho  liver  dirainiaheB,  rapidly  at  first,  hut  more  slowly  afterward.  Even 
after  some  days'  starvation  a  small  quantity  is  frequently  still  found  ;  but  in 
rabbits,  at  all  events,  the  whole  may  eveiilually  disappear. 

If  an  animal,  after  having  been  starved  until  its  liver  may  be  assumed  to 
be  free,  or  almost  free,  from  glycogen,  be  fed  on  a  diet  rich  in  carbohydrate 
or  on  one  consisting  exclusively  of  carbohydrates,  the  liver  will  in  a  short  time 
be  found  to  contain  a  very  large  quantity  of  glycogen.  Obviously  the  presence 
of  carbohydrates  in  food  leads  to  au  accumulation  of  glycogen  in  the  liver; 
and  this  is  true  both  of  starch  and  of  dextrin  and  of  the  various  forms  of 
sugar,  cane,  grape,  and  milk  sugar.  The  eiiect  may  be  quite  a  rapid  one,  for 
glycogen  has  been  found  in  the  liver  in  considerable  quantity  within  a  tev 
hours  after  the  introduction  of  sugar  into  the  alimeutary  canal  of  a  starving 
animal. 

If  an  animal  similarly  starved  be  fed  on  au  exclusively  meat  diet  a  cer- 
tain amount  of  glycogen  is  found  in  the  liver.  This  appears  to  be  especially 
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the  case  with  dogs  (probably  with  other  camivoroaa  animals  also),  and  in 
earlier  works  on  the  subject  the  conslant  presence  of  glycogen  in  the  livers  of 
dogs  feii  un  meat  was  regarded  aa  an  iuiportaut  iiidicntiou  of  tlie  foriuution 
within  the  b^xiy  of  nunnilrogenouB  frotti  nitrogenous  material.  But  in  the  first 
ilace,the  quantity  of  glycogen  thus  stored  up  in  the  liver  as  the  result  uf  a 
%ieat  diet  is  much  loss  than  that  which   follows  upon  a  carbohydrate  diet; 
and   in  the  second  place,  ordinary  meat,  especially  horsellesh  on  which  dogs 
ID  such  experimentH  arc  usually  fetl,  contains  in  itself  (§  62)  a  certain  amount 
either  of  glycogen  or  some  form  of  sugar.     Moreover,  when  animals  are  fed 
not  on  meat,  but  on  purified  proteid,  such  as  fibrin,  casein,  or  albumin,  the 
|uantity  of  glycogen  in  the  liver  becomes  still  smaller,  though. according  to 
lost  observers,  remaining  greater  than  during  starvation.     We  may  infer, 
[therefore,  that  (>art  of  the  glycogen  which  appears  in  the  liver  afler  a  meat 
diet  is  really  due  to  carbohydrate  materials  present  in  the  meat.    Part,  how- 
ever, would  appear  to  be  the  result  of  the  actual  proteid  food;  and  we  have 
aimiUr  evidence  that  gelatin  taken  as  food  leads  to  the  formation  of  some 
glycogen  in  the  liver.     But  in  this  respect  these  nitrogenous  substances  fall 
far  short  uf  carbohydrate  material. 

With  regard  to  fats,  all  observers  are  agreed  that  these  lead  to  no  accu- 
mulation of  glycogen  in  the  liver  ;  an  animal  fed  tm  an  exclusively  fatty 
liiec  has  no  more  glycogen  in  its  liver  than  a  starving  animal. 

Hence  of  the  three  great  classes  of  food-stuffs  the  carbohydrates  standout 
prumiuently  as  the  substances  which  taken  as  food  lead  to  an  accumulation 
of  glycogen  in  the  liver.  We  may  remark  that  the  greatest  accumulation 
of  glycogen  is  effected  not  by  a  pure  carbohydrate  diet,  but  by  a  mixed  diet 
rich  in  carbohydrates.  A  quantity  of  carbohydrate  mixed  with  a  certain 
proportion  of  proteid  gives  rise  to  a  larger  amount  of  glycogen  in  the  liver 
than  the  same  quantity  of  carbohydrate  given  by  itself;  and  it  is  possible 
jthat  the  presence  of  an  appropriate  quantity  of  fat  still  further  assists  the 
;umulatiun.  But  this  reeult  probably  depends,  in  part  at  least,  on  the 
fiict  that,  though  ditferences  may  be  met  with  in  different  animals,  a  mixture 
>f  the  several  classes  of  foo<i-stufi8  is  more  readily  digested^  resulting  in 
lore  nutritive  material  being  thrown  upon  the  blood,  than  is  a  meal  consist- 
ig  exclusively  of  one  kind  of  food*Btuff  alone, 

Am  iKt  as  we  know  at  present  the  glycogen  which  thus  appears  in  the  liver 
the  result  of  feeding  either  with  any  of  the  various  forma  of  carbohydrates 
with  proteids,  or  with  other  substances,  is  of  the  same  kind  and  presents 
itbe  same  characters  ;  at  least  we  have  no  evidence  to  the  contrary. 

The  storing-upof  glycogen  in  the  liver  is  also  influenced  by  other  circum- 
otaaoes  than  the  taking  of  food.  For  instance,  in  the  frog  an  increase  of 
plTC«>gen  takes  place  during  the  winter  months.  In  the  summer  months  the 
iver  of  a  frog  will  be  found  to  contain  very  little  glycogen  (Fig.  164,  C), 
ilew  the  animal  has  been  unusually  well  fed  ;  whereas  a  liver  examined  in 
ddwinler  (Fig.  1G4,  A)  will  be  found  to  contain  a  considerable  quantity, 
^eo  though  uo  (wk\  has  been  taken  for  months.  In  such  a  case  the  material 
If  the  formation  of  the  glycogen  in  the  liver  must  have  been  furnished  by 
pme  part  of  the  body  of  the  frog,  and  could  not,  as  may  be  the  case  when 
a  meal  leads  immediately  to  an  increase  of  glycogen,  he  supplieil  directly 
from  the  food.  It  seems  as  if  in  the  summer  the  frog  lives  up  to  its  capital 
of  hepatic  glycogen,  spending  it  as  fast  almost  as  it  is  made,  but  that  during 
the  winter  a  tjuantity  is  funded  to  provide  for  the  demands  of  the  late  winter 
and  early  spring. 

This  winter  storage  of  hepatic  glycogen  in  the  frog  seems  closely  depen- 

no  temperature.     If  a  winter  frog,  whose  liver  is  presumably  more  or 

loaded  with  glycogen*  be  exposed  for  some  time  to  a  temperature  of  20*^ 
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or  a  little  higher,  the  liver  will  afterward  be  found  to  contaiD  little  or  oo 
glycogen  (Fig.  164,  B)  ;  and  conversely,  if  a  summer  frog  be  exposed  to 
untimely  cold,  glycogen,  though  not  in  any  great  quantity,  begins  to  l>e 
stored  up  in  the  liver. 

Pig.  104. 


.     oo"/ 
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Tdbbe  Phases  op  ttie  Hd'ahc  Cells  of  the  Frog.  (LaNoijcv.) 
A.  c«Usrlcb  In  glycogen.  Taken  from  a  firc^  during  winter.  The  cellRare  luge,  oudproteldgnuiulef 
are  niaaed  around  the  lumen,  the  bomageneoua  miter  zones  of  the  celli  being  largely  Muopined  of 
glycogen,  which  was  preseul  In  Lnmriderable  abundance.  The  outer  zoiiei  oontained  ^ame^}U^iM 
glubules,  shown  aa  dark  spot« ;  but,  bm  staled  iu  the  text,  these  fat  ^lobtilci  Tar>'  much.  B,  cells  poor 
in  glyLX>gen.  Taken  from  a  wlutor  fiog  wblob  bad  been  kept  at  2^  t.  for  ten  days.  The  celU  oon- 
talii  very  little  glyeoffen,  and  the  prutuid  granules  are  dlepenHKl  throughuut  the  cell.  In  a  summer 
frog  well  fed  nn  prrrteid*  the  cell*  would  present  a  very  Htmilar  appearance.  C.  starred  cells.  TiUien 
from  a  stitnnior  A-og  alU'r  a  long  fast.  The  celli;  arc  nnall  and  almoat  ft«o  ttnm  glycogen-  The  pro* 
teid  granules  are  dlipened  throughout  the  ccU.  All  the  spedmens  wufe  hardened  In  I  rer  oenL  oeaic 
acid,  and  are  drawn  to  thefuune,  or  nearly  to  the  same  iicale. 

^  457.  Before  we  attempt  to  discuss  further  how  food  and  other  circum- 
stances thus  aiTect  the  glycogen  in  the  liver,  it  will  be  desirable  to  take  up 
the  matter  which  we  left  on  one  side  in  §  450,  viz.,  the  consideration  of  the 
histological  changes  occurring  in  the  hepatic  cells  under  various  conditions. 
It  will  be  convenient  to  begin  with  the  celts  of  the  more  distinctly  tubuJar 
gland  of  the  frog. 

In  a  frog  which  has  not  been  subjected  to  any  special  treatment  the  cell 
substance  of  the  hepatic  cell  (tj\  Fig.  164,  A)  will  generally  be  found  to 
contain  lodged  in  iUelf  three  kinds  of  materia],  the  presence  of  which,  if  not 
directly  recognisable  in  the  fresh  cell,  may  be  denKiustrated  by  the  use  of 
various  reagents.  In  the  first  place,  oil  globules  of  variable  size  and  in 
variable  amount  are  scattered  lEiroughout  the  cell;  sometimes,  as  we  have 
already  said,  these  are  extremely  abundant ;  hut  there  is  otherwise  nothing 
very  special  about  these  fat  globules  in  the  hepatic  cell  to  demand  any  dis- 
cuasion  concerning  them  apart  from  the  general  discusainn  on  the  formation 
of  fat,  into  which  we  shall  enter  later  on. 

In  the  seconii  place,  a  number  of  small  discrete  granules  may  be  seen 
lodged  in  the  cell  substance.     These  appear  to  be  of  a  proteid  nature  and 
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1  ife^erally  most  ahuiulunt  on  the  inner  m<le  nf  the  cell  near  the  lumeu  of 
P  the  bile  paisage.  The  presence  of  these  granules  is  closely  dependent  ou  the 
activity  yf  the  dij^estivc  professes.  They  diminish  when  digestion  is  going 
uDuud  accumulate  ngnin  afterward.  Putting  aside  certain  details,  we  may 
ttv  thai  these  gniuules  behave  very  much  like  the  granules  in  nn  aibinntnous 
salivary  cell,  a  ]>ancreatic  cell,  or  a  chief  gastric  cell ;  and  we  may  probably 
wfcly  conclude  that  they,  like  the  granules  in  these  veih,  are  in  some  way 
coDceruefi  iu  the  formation  of  the  secretion  ;  that  is,  in  their  case,  bile. 

Id  the  third  place,  the  cell  contains  more,  eapecially  in  hs  outer  pnrta 
Wttrer  the  bloodvessel,  away  tVom  the  lumen  of  the  bile  passage,  a  variable 
'lUiiutity  of  material  which  diHers  from  the  ordinary  cell  sub'^iance  in  being 
hyaline  and  refractive,  and  hence  glassy-looking,  and  in  staining  port-wine 
ffd  with  iodine,  instead  of  browuish-yellow,  as  does  ordinary  cell  yLilMstauce. 
Thia  material  is,  though  with  some  liitle  diftienUy,  soluble  in  water,  an<l  by 
''lis  means  may  be  dissolved  out  froni  ihe  cell.    When  this  is  dont^  the  places 
*Dich  it  occupied  ap|)ear  as  vacuoles  *>r  gaps  of  various  sizes  Hiniied  by  bars 
"t  the  cell  substance,  which  thns  take  on  the  form  of  a  network,  the  meshes 
^^  >«'hieh  are  wider  and  more  conspicuous  in  the  outer  p:irt  of  the  cell,  iu 
*iiich  the  hyaline  malerial   was  previuiialy  ma<4t  abundant.     In   the  inner 
pvt   of  the  cell  where  the  hyaline  material  was  scanty  the  cell  Bubstance  is 
'oore  dense,  and  even  iu  the  outer  part  a  nhell  of  more  dense,  less  reticulate 
t^'i  >«ubstance  affonls  a  detinite  outline  to  the  cell.     There  can  be  no  doubt 
(nat  Uiiij  hyaline  material  is  either  actual  glycogen^such  us  may  be  extracted 
frwn  the  liver,  or,  as  seems  more  probable  from  its  deficient  solubility,  gly- 
cogen in  some  mure  or  less  loose  combination  with  some  other  body,  a  com- 
binttiion,  however,  of  such  a  kind  that  the  iodine  rcactiou  makes  itself  felt. 
S_4fi8.  The  above  may  be  taken  as  a  general  description  of  a  cell  in  an 
or>iiiiary  condition.     The  question  now  comes  before  us,  What  changes  are 
I      hnjughi  abi>ut  by  various  toods  or  by  the  absence  of  food? 

Ir  a  frog  be  largely  fed  on  a  diet  containing  large  rjuantities  of  carbo- 
hy<lralep,  the  liver  will  be  found  rich  in  glycogen,  and  the  cells  will  present 
l**^  following  characters:  The  cell  is  relatively  large  (cf.  Fig.  164,  A),  and, 
••  It  were,  swollen  ;  the  cell  substance  is  largely  occupied  by  the  hyaline 
niaterial  just  *poken  of,  especially  in  its  outer  parts,  so  that  in  sections  pre- 
PW^d  and  iuounte<l  in  the  ordinary  way  in  which  the  glycogen  has  lieen 
J^Colved  out,  the  greater  part  of  t!ic  cell  ctmsists  of  a  loose  open  network  of 
^^^^  ^^  »taiued  cell  substance  with  wide  meshes;  a  certain  quantity  of  more 
'*^t  generally  granular-looking  cell  8ub;*tance  occupies  the  part  of  the  cell 
j  '••**«i  the  lumen,  and  a  thin  shell  of  cell  substance  forms  an  envelope  for 
r"*  w«l  of  the  cell.  The  nucleus  is  large  and  distinct,  but  though  changes 
^  tlie  nucleus  accompanying  changes  in  the  cell  substance  have  been 
^'^^•^ribed,  they  are  not  sufliciently  important  to  detain  us  now.  When  such 
*^^ll  is  seen  in  a  iHjrfectly  I'resh  state,  the  hyaline  refractive  material  (which, 
•*  need  hardly  say,  gives  a  marked  reaction  with  iixline)  often  hides  the 
DOoltuB  and  the  greater  part  of  the  cell  substance  prorwr. 

Af.  on  the  other  hand,  the  frog  be  fed  on  a  proieifl  diet  free  from  carbo- 

I    'y^irates — for  instance,  on  fibrin — the  liver  contains  little  or  no  glyc»>gen, 

fcy^  the  hepatic  cells  are  not  only  much  smaller,  but  present  an  apf>earance 

B  !™*  >'  ditlerent  from  the  above  (cj.  Fig.  164,  B).    Little  or  no  hyaline  material 

■  Vi^ihle,  the  cells  give  little  or  no  |K>rt-wine  reaction  with  iodine,  but  only  the 

I    ?**^al  brown-yellow  proteid  reaction,  and  in  specimens  prepared  and  mounted 

"*   t.lie  ordinary  way  the  cell  sul>stance  appear*  densely  granular  throughout. 

VasUv*  if  the  frog  be  starved,  and  if  to  the  effects  of  stiirvation  there  be 

•**<l«d  ibose  of  exposure  to  a  high  temperature  (2b°),  by  which,  as  we  have 

••^U,  the  hepatic  cells  are  markedly  afiected,  the  liver  is  found  to  be  free 

:J7 


578 


THK    METABOLIC    PROCESSES    OF    THE    BODV 


from  j^lycoeeu,  and  the  hepHtic  cells  to  be  extremely  flniall  [cf.  Fig.  1C4,  C), 
only  iialt'  tne  size  or  eveu  less  of  those  of  the  ivell-fed  frog,  but  otherwise 
imifh  like  the  cells  in  a  frog  fed  on  prnteitl  material, 

>;  459.  In  the  maninial  changes  in  the  hepntic  cells  similar  ti>  thoee  just 
described  as  occurring  in  tliy  fiojj;  have  aleo  been  observed.  When  the 
animal  is  led  on  a  Jiet  rich  in  tarliuhydrates,  and  when,  therefore,  a.^  we 
have  seen,  the  liver  abounds  in  glycogen,  the  hepatic  cells  (Fig.  IK.Vj  are 
larger  (so  largo  thnt  they  have  by  some  authors  been  described  as  cnm- 

J)re»sing  the  lobular  capillaries)  and  loaded  with  the  same  refractive  hya- 
ine  naateriul  staining  port-wine  red  with  iodine.      When  this  material  is 
dissolved  out  a  coarse  open  network  of  cell  substance  is  displayed.     The 
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u»  Of  Mammalian  Liviui  Kicd  ik  Glyco- 
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SKCnON   OF   HAHMAUAN    LlVKR   COMAI? 
tjTTLE  OK  MO  Gl.VctWEN.     (LA^QLBtJ 

(J5inlc  Held  flpodmcti.    The  granule*  atv  not 
well  preserved  in  some  of  the  evils. 


moat  marked  point  of  differenne  between  the  mammalian  and  frog^s  hepatic 
cell  under  these  ocHuUtiims  is  that  in  the  fi>rnier,  the  hyaline,  glycogenic  sub- 
stance is  gathered  at  HrnL  cetitrally  uroutid  the  nucleut^  (not  more  on  the  outer 
side,  as  is  the  case  in  the  frog)  ami  spreads  tri)m  the  centre  toward  the  peri- 
phery, always  leaving  on  the  extreme  otit&ide  a  somewhat  thick  shell  of 
cell  substance,  which  in  hardened  and  pn>pared  8[)€cimenB  may  strikingly 
simulate  a  thickened  cell-wall.  We  may  add  that  in  an  animal  thus  fe<l 
the  whole  liver  is  very  large,  and,  as  it  were,  swollen  ;  it  is  also  soft  and 
tears  easily. 

In  an  animal  fed  on  proteiH^  alone,  for  instance  on  tibrin,  the  liver  fre- 
quenily  contains  some  glycogen  and  the  heiatic  cells  contain  a  small  tjuantity 
of  hyaline,  glycogenic  material.  As  in  the  corresponding  case  in  the  frog, 
the  cells  are  comparatively  small,  and  the  cell  suiistance  appears  finely  and 
uniformly  granular. 

In  a  starved  mammal  the  liver  is  small,  dense  to  the  tx^iuch,  and  tough; 
it  contains  a  trace  nnly  of  glycogen  or  niaic  at  all  ;  the  cells  (Fig.  166)  are 
smaJI.  as  it  were  shrunkeu,  and  tlie  cell  substance,  which  gives  no  port-wine 
reaction,  or  a  mere  trace  only,  with  imline.  is  still  more  tiuely  granular. 

§  460.  The  microscopic  appearances  just  described  show,  and  indeed 
general  considerations  lead  us  to  the  same  conclusion,  that  the  proceettt 
taking  place  in  a  hepatic  cell  are  very  complex.  lu  the  first  place,  the  con- 
stituents of  bile  are  being  formed  and  discharged  into  the  bile  passage!»  after 
the  fashion  oi  ordinary  secreting  glands.  In  the  second  place,  a  forma- 
tion of  glycogen  is  also  taking  place,  and  we  shall  have  presently  to  consider 
briefly  the  relations  of  the  one  process  to  the  other.  In  the  third  place,  as 
IB  especially  indicated  by  the  somewhat  peculiar  effects  on  the  hepatic  cell  of 
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■        fyotj  exolusively  proteid  in  nature^  other  processes,  similnr  j>erhaps  to  the 

formation  n|'  plyc<»gen,  hut  noi  resulting  in  the  storape  ni'  any  carbohydmle 

I        materiu),  and   dealing   possibly   with    proteid  suhstnncog.  al^o  take  place. 

Heuf«  the.  exact  inierpretatiou  oi"  all  the  changea  whii.!i  ujiiy  be  ol>8erved 

beotimes  exceedingly  difficult. 

Li'aviuf;^  the  processes  of  the  first  and  third  kind  wholly  r»n  one  side  for 

ibe  present,  and  continiDg  our  attention  entirely  to  the  glycogen,  it  is  obvious 

t^U  the  hepatic  cell  niauuJiictures  the  glycogen  in  some  way  or  other  and 

lodges  it  in  its  own  substance  for  the  time  very  much  in  the  way  that  a 

^ev^reting  cell  manufactures  aud  lod^s  in  itself  for  a  time  material  for  the 

Wi'fetion  which  it  ia  about  to  ponr  forth.     There  in  this  diHcrence,  that  in 

Uie  one  cai*e  the  material  of  the  secretion,  aHer  uudergoing,  as  we  have  seen, 

nore  or  leea  change,  is  cast  out  into  the  lunicu  of  the  alveolus,  whereas  iu 

Ui©  other  case  the  glycogen,  which  nuist  undergo  change,  wince  it  may  be 

BMid«  to  disappear  rapidly  fnun  the  he[)atic  cell,  is  not  when  changed  cost 

out  intn  the  bile  ptissag:ea:  it  niu.st  therefore  be  sent  back  again  Co  the  blood. 

§  461.  We  say  "  manufacture  the  glyc(»gen  in  some  way  or  other,"  and  we 

liAve  now  to  inquire  what  we  know  iMncerning  the  nature  and  the  several 

rtepe  of  this  manufacture. 

^►Ve  have  already  seen  that  the  presence  of  glycogen  in  the  liver  is 
especially  favored  by  a  carbohydrate  diet ;  and  in  our  studies  rm  digestion 
we  have  seen  reason  to  think  that  a  very  large  part  at  all  events  of  the 
cat'ktohydrate  material  of  a  meal  is  Hbsorbed  as  sugar  by  the  capillaries  of 
ibe  intestine  and  carried  as  sugar  t<i  the  liver  in  the  purt'al  blood.  Hence, 
It  seems  only  reasonable  to  conclude  that  the  glycogen  which  makes  its 
App«»rauce  in  the  liver  after  an  amylaceous  meal  arises  from  n  direct  con- 
▼€r»ion  of  the  sugar  carried  to  the  liver  by  the  portal  vein,  the  sugar 
beo<jroing  through  some  acti-tu  of  the  hepatic  cell  substance  dehydrated  into 
gly  C3ogeD.  or  animal  starch,  as  it  has  been  called,  the  process  being  a  reverse 
o€  that  by  which  in  the  alimentary  canal  starch  is  hydrated  into  sugar 
"^■■ough  the  action  of  the  siilivary  and  pancreatic  ferments.  Vegetable  cells 
^•^  undouhte*lIy  convert  botii  starch  into  ^ugar  and  sugar  into  starch  ;  and 
there  are  no  (^  priori  arguments  or  positive  facts  which  would  lead  us  to 
*"|>fK)ee  that  the  activity  of  animal  living  substance  cannot  accomplish  the 
lntt«r  as  well  as  the  former  of  these  changes.  We  are  tjuite  ignorant,  it  ia 
*"*^  of  the  exact  wav  in  which  either  the  hydration  or  the  dehydration  is 
enacted  by  living  suljstance;  but  we  are  equally  ignorant  of  the  exact  way 
"*  "Which  an  amyloiytic  ferment  efTecU  the  hydration  (tf  starch  into  sugar, 
'"'«*ich  it  carries  out  with  so  much  apparent  ease.  It  is  not  a  great  assumption 
^  vuppoee  that  the  continually  changing  living  substance,  which  in  itfl 
™^ngeB  is  continually  giving  out  energy,  has  the  power  of  acting  on  mole- 
*^^J«9  of  starch  or  of  sugar  in  contact  with  or  even  only  near  to  itself,  and 
*?  of  hyilrating  starch  into  sugar  or  of  dehydrating  sugar  into  starch. 
*  **e  latter  process  may  be  a  more  difficult  one  than  the  former,  but  not  one 
"'^y-oud  the  power  of  the  living  substance.  We  may  fairly  suppose  that  a 
H^^ntity  of  sugar  in  solution  present  in  a  vacuole,  for  instance,  of  the  hepatic 
*^*1  sulMtance  can  l>e,  by  some  action  of  the  cell  substance,  converteil  into 
^*ytozeu  in  a  solid  form,  filling  up  the  vacuole.  Again,  as  we  have  inci- 
•l^Oially  mentioned,  sugar  injected  into  the  jugular  vein  readily  gives  rise  to 
•^^Ijar  in  the  urine;  but  a  very  considerable  fpiantity  can  be  slowly  injected 
the  portal  vein  without  any  appearing  in  the  urine.  This  suggests  the 
that  the  Hver.  so  to  speak,  catches  the  sugar  as  it  is  passing  through 
hepatic  capillaries  and  at  once  dehydrates  it  int(»  glycogen. 
Similar  considerations  may  also  be  applied  to  the  case  mentioned  above  of 
^e  appearance  of  glycogen  in  the  hepatic  cells  of  winter  (fasting)  frogs. 
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We  have  reason  to  ibink  that  sugar  makes  ita  appearance  as  a  product  of  the 
metabolism  of  various  tissues,  llie  sugar  thus  arising  finding  its  way  into 
blood  nmy  be  made  ut^e  oj"  at.  ouc^e  elsewhere,  converted  sj>eedily  tor  iustauce 
into  CArbnnic  acid  and  s*)  got  rid  of.  But  we  can  readily  imagine  that  under 
certain  eircuinstances,  as  tor  instance  when  the  activities  of  the  animal  were 
lessened  hy  a  low  teruporamre.  it  was  not  so  made  use  of  and  remained  in 
the  blond.  If  *»  it  would  in  the  course  of  the  circulation  be  carried  to  the 
liver,  and  might  lie  at  onoe  taken  up  by  ihe  hepatic  cells  and  converted  into 
glycogen;  and  these  miglit  be  ho  active  that  the  blood  was  never  at  any 
time  allowed  ti>  reiuain  loaded  with  sugar  to  euch  an  extent  as  to  permit  a 
lose  through  the  urine. 

§  462.  Upon  such  a  view,  the  carbohydrate  taken  as  food  would  be  con- 
verted into  glycogen  by  the  agency  of  the  hepatic  cell,  without  at  any  Uuie 
becoming  an  integral  ])art  of  the  living  9ul>stance  of  the  cell.  Such  a  view 
may  be  the  true  one ;  but  it  is  open  for  us  tu  look  at  the  matter  in  another 
light.  We  may  push  still  further  the  analogy  between  the  glycogen  of  the 
hepatic  cell  and  the  material  with  whicii  a  aecretiiig  cell  is  loadeii.  In  deal* 
ing  with  secretion  we  saw  reasons  tbr  regarding  such  a  body  as  mucin  to  be 
a  product  of  the  metabnligni  of  tlie  cell  rfubstitnce  of  the  mucous  cell  ;  and 
we  may  similarly  regard  glycogen,  or  sugar  readily  convertible  inU>  glycogen, 
or  at  least  some  or  other  carbohydrate  material,  as  a  normal  product  of  the 
raetahulism  of  the  hepatic  cell.  We  nmy  tlius  conceive  of  the  hepatic  cells 
as  being  coutiuually  engaged  in  giving  ri^  to  carbtdiydrate  material  in  the 
tbrm  either  of  sugar  or  of  some  raher  body  ;  and  we  may  suppose  that  under 
certain  circumstances,  as  in  the  absence  of  adetuiate  Ibmi,  the  carbohydrate 
material  thus  formed  is  at  once  di:^chu^ged  into  the  blood  of  the  hepatic  vein 
for  the  general  uae  of  the  body,  but  that  under  other  circumstances,  as  when 
an  amylace<JUB  meal  has  been  taken,  the  immeiliatc  wants  of  the  economy 
being  covered  by  the  carbohydrates  of  the  meal^  the  carbohydrate  products 
of  the  hepatic  metabolism  are  stored  up  as  glycogen.  Under  such  a  view 
the  sugar  of  the  meal  is  ntied  up  somewhere  in  the  body,  and  the  glycogen 
to  the  storage  of  which  in  the  liver  it  gives  rise  comes  direct  from  the  hepatic 
substance.  And  a  r^iniihir  explunaliftn  may  be  given  of  the  storing-up  of 
glycogen  in  the  liver  under  snch  drcurustanc&s  as  those  of  the  winter  frog 
previously  mentioned. 

We  do  not  |w)ssess  ut  present  experimental  or  other  evidence  of  so  clear  a 
kind  jw  t»»  enable  us  tn  decide  dogmatically  lietween  these  two  views ;  we  are 
limited  to  very  general  indications.  We  have  seen  that  proteid  food,  though 
in  this  respect  Jailing  far  below  cjirbohydratc  food,  does  or  may  give  rise  to 
a  certain  amount  of  glycogen  in  the  liver;  and  gelatin  seems  to  have  the 
same  effect.  Further,  in  certain  cases  (tf  the  disease  diiihetos,  of  which  we 
shall  have  to  speak  fu-esently,  and  which  is  characterized  by  the  presence  of 
a  large  amount  uf  sngar  in  the  blow],  sugar  continues  to  be  formed  in  large 
quantity,  even  when  the  diet  is  restricted  to  proteid  and  fatty  matters.  aJl 
carbohydrates  being  excludeil.  Now  in  diabetes  we  have  reason  to  believe 
that  the  large  quantity  of  sugar  in  the  blood  is  accompanied  by  a  large 
deposition  of  glycogen  in  the  liver,  and  indeed  in  other  tissues ;  for  in  the 
tew  cases  which  have  been  examined  suflicienlly  suou  afler  death,  and  in 
which  owing  to  the  sud<ienne8s  of  the  death,  there  was  no  opportunity  for 
etored-up  glycogen  to  dieapi>ear,  a  very  large  ipiantity  of  glyojgen  has  been 
found  in  the  liver  or  in  sofiic  other  orguuis.  Hence  the  phenomena  of  dia- 
betes may  be  taken  as  showing,  iu  a  much  more  striking  manner  than  do 
any  experiments,  that  proteid  material  taken  as  tmid  may  give  rise  tu  hepatic 
glycogen.  And  this  at  tirst  sight  seems  to  aftbrd  proof  that  the  hepatic 
glycogen  is  a  product  of  the  metabolism  of  the  hepatic  cell,  the  activity  of 
the  cell  being  stimulated  as  it  were  by  the  presence  of  the  proteid  food,    liut 
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ibe  proof  is  not  cugeut  in  the  face  of  our  iguoiuwce  of  the  metabolic  elmuges 
which  the  jiroteid  niaterinl  of  food  undergoes  in  the  body.  Aawcfihall  insist 
upon  in  more  detail  later  on,  proteid  material  in  giving  rise  to  urea  throws 
off  somewhere  in  the  ho(iy  a  large  quantity  of  a  wirbon-contaiuing  radicle 
in  aome  combination  or  other;  the  proteid  contains  far  more  carbon  than  ia 
needed  to  unite  with  the  nitrogen  tf)  form  urea.  We  shall  see  that  this 
excess  of  (jyirbon  ha^  a  tendency  to  api)ear  in  the  flirni  nf  fat,  but  we  may 
reailily  suppof»e  that  it  might  temporarily  as  a  preliminary  process  or  under 
certain  circumstances  take  on  the  form  of  au^^ar.  And  we  may  further  sup- 
pose that  the  sugar  is  formed  out  of  the  proteid  tjot  iii  the  liver  but  in  some 
Dther  tissue,  in  muscle  for  instance.  But  if  so,  hepatic  glycogen  which  ta 
the  result  of  proteid  food,  may  after  all  be  forme*!  in  the  liver  by  8itM[jle 
dehydration  of  sugar  found  elsewhere,  aud  brought  to  the  liver  in  the  portal 
blood. 

^Ve  cannot,  we  say,  at  present  decide  between  these  two  views;  and  indeed 
it  may  be  that  both  views  are  true,  or  rather  that  the  true  conception  em- 
braces l>oth  views.  It  may  be  that  the  normal  metabolism  of  the  hepatic 
cell  does  produce  a  certain  amount  of  carbohydrate  material ;  but  if  so  the 
probability  is  that  the  exact  form  in  whicti  that  carbohydrate  appears  in  the 
first  instance  in  the  laboratory  of  the  cell  is  not  that  of  glycogen,  but  of  sugar 
of  some  kind  or  other,  and  that  the  ctmversion  into  glycogen  is  a  subsidiary 
act  f(jr  the  purpt>8C  of  retaining  the  c^irholiydralc  maierial  in  the  grasp  of 
the  cell.  If  tnis  be  the  case,  then  until  it  has  been  shown  that  there  is 
something  peculiar  about  the  sugar  thus  prutiuced  by  the  cidl  itself,  by  virtue 
of  which  it  alone  can  be  converted  by  the  cell  into  glycogen,  we  may  fairly 
infer  that  the  cell  might  also  convert  into  glycogen  sugar  passing  into  the 
inU-rstices  of  the  cell  :iul)stanre  from  the  portal  capillaries. 

?j  463.  We  mny  now  turn  to  another  (]uestion,  ttie  answer  of  which  is  in  a 
measure  dependent  on  the  one  which  we  have  just  discussed.  What  is  the 
use  and  pur|M)8e  of  this  hepatic  glycogen?  What  ultimately  becomes  of  the 
glycogen  thus  for  a  while  stored  up  in  the  liver? 

One  view  which  has  been  put  forward  isastbllows:  We  have  evidence, 
as  we  shall  presently  learn,  that  a  great  deal  of  the  fat  of  the  body  is  not 
taken  as  such  in  the  food,  but  is  constructed  anew  in  the  body  out  of  other 
substances.  Both  carbohydrates  and  proteirls,  taken  in  excess  or  under 
certain  circumstaucei),  lead  to  an  accumulation  of  fat;  and  we  have  reason 
tn  believe  that  carlxdiydrates  on  the  one  hand  and  the  carbon-holding  por- 
tions of  various  proteids  on  the  other,  may  by  some  process  or  other  be  con- 
verted into  fat.  And  it  has  been  suggested  that  the  glycogen  in  the  liver  is 
a  phase  of  a  constructive  fatty  metabolism,  that  it  is  material  on  its  way  to 
become  fat- 

The  (Kjsitive  evidence  in  favor  of  this  view  is  very  scanty;  it  is  alraoat 
limited  to  the  facts  that  fat.  sometimes  in  very  large  cjuantity,  is  found  in  the 
hepatic  cells,  that  while  fat  itself  taken  as  food  leads  to  no  increase  in  the 
hepatic  glycogen,  carbohydrates,  which  are  especially  fattening,  are  most 
active  producers  of  glycogen,  and  that  the  fat  present  in  the  hepatic  cells 
seems  to  be  increased  by  such  dieti^  a-*  natural!}'  increase  the  glycogen  in  the 
liver.  No  evidence  has  been  offered  as  to  the  occurrence  in  the  hepatic  cell 
of  any  of  the  several  steps  of  the  conversicm  of  glycogen  into  fat,  nor  indeed 
has  it  been  suggested  what  those  step^  are.  The  view  indeed  is  almost  ex- 
clusively based  on  the  8upy)osed  proof  that  the  blood  of  the  hepatic  vein 
contains  during  life  no  sugar,  or  at  least  not  more  tiian  does  the  general 
blo(M]  t>r  even  the  blood  of  the  portal  vein.  From  this  it  is  inferred  that  the 
glycogen  in  the  liver  is  not  lost  to  the  liver  by  becoming  converted  inU)  sugar 
fit)  di-tcharge<l  into  the  hejuiiic  blood,  and  therefore  must  be  converted 
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into  8ome  otter  substance,  which  substance  is  presumably  fat.  Ball 
of  argument  is  ttne  which  cannot  safely  be  trusted.  Ou  the  one 
been  maintaineii  both  hy  oliier  and  more  recent  observers  that  the 
the  hepatic  vein  under  normal  conditions  is  richer  in  eutrar  than  the  hWniil 
the  jMrtal  vein  or  indeed  of  any  other  part  of  the  vascular  syatem:  iD^ibii 
has  been  regarded  aa  an  indioutioii  that  the  liver  is  always  enpigtd  in d»- 
charging  a  certain  (juantity  of  siitrar  into  the  hepatic  veins.  Ontheinliff 
hand  other:?  maintain  thul  the  l>l(i(td  in  the  hepatic  vein,  if  caire  helik« 
to  keep  the  auiiuid  in  a  perfectly  normal  condition,  contains  no  morengir 
than  doe--*  the  blood  of  the  right  auricle  or  of  the  portal  vein*  and  inilettl 
that  the  liver  itself,  if  examined  before  any  post-mortem  changes  haw  faal 
time  to  develop  themselves,  is  absolutely  free  from  sugar. 

^  Normal  hepatic  blood  may  be  obtAined  by  nieaos  of  an  ingenious  catbcieiiB' 
tioi*.  Thia  oonsials  in  itilroducing  through  the  jugular  vein,  iuto  the  soperw. 
ami  so  inro  the  inferior  voiu  tava,  a  long  catheter,  constructed  in  such  a  mama 
that  the  vena  ciiv;l  can  nt  pleasure  be  plugjjcd  below  the  emboucheuteot  of  iIm 
hepatic  veins,  and  blood  ho  dniwii  exclusively  from  the  latt<;r,  or  vice  trr»t. 

Now  the  quantitative  determination  of  sugar  in  blood  br  any  of  tbi 
methods  as  yet  Biiggesled  is  open  to  many  sources  of  error.  And  when  tk 
(piantity  of  blood  which  is  contiunally  flowing  through  the  Hver  u  liken 
under  considi?ratiou,  it  is  obvioun  that  an  aujount  of  sugar,  which  in  tb* 
8j>eoinien  of  hJood  taken  for  examination  fell  within  the  limits  of  ernr  rf 
observalion,  might  when  multiplied  by  the  whole  quantity  of  blood.  afl<i  ^J 
the  number  of  times  the  blood  passed  through  the  liver  in  a  rertain  titnt. 
reach  dimensions  tjuite  suflicient  to  account  for  the  conversion  int4)  sugar  of 
the  whole  of  the  glycogen  present  iu  the  liver  at  any  given  time,  Hrucewt 
may  safely  conclude  that  the  comparative  analysis  of  hepatic  and  p«irul 
blood,  if  they  do  not  of  themselves  prove  that  the  liver  is  either  cont  "" 
or  at  intervals  converting  some  of  Wn  glycogen  into  sugar  and  di><^ ! 
this  sugar  into  the  general  system,  are  at  least  not  sufficiently  trustwuniiv  tj 
disprove  the  possibility  of  such  a  discharge  of  sugar  being  one  of  the  normil 
functions  of  the  fiver.  Indeed,  it  may  be  doubted  whether  any  great  iru«J 
can  be  laid  on  experiments  of  this  kind.  We  may  add  tl»al  ^imila^  esf'^H- 
meuts  have  led  one  observer  to  deny  wholly  the  connection  between  ibe 
sugar  which  may  be  found  in  the  hepatic  vein  and  the  glycogen  of  the 
hepatic  cells. 

Refusing  then  to  admit  the  validity  of  these  experiments  we  may  rvgwJ 
the  view  that  glycogen  is  simply  a  stage  in  the  formation  of  fat  a?  B"* 
proved  ;  and  itidecd  wc  shall  presently  see  reason  to  believe  that  fat  is  foria£ii 
elsewhere. 

Another  view,  one  which  has  already  been  suggested  while  wc  were  denling 
with  the  manner  of  formatinn  of  glycogen,  makes  use  of  the  forraaiinu  of  ^* 
for  tiie  purposes  of  analogy  only.  Seeing  that  adi|>»se  tissue  serves  a^* 
storehouse  of  fat  which  is  not  wanted  hy  ti.e  body  at  the  moment,  hut  niv 
be  wanted  presently,  the  ijuestion  readily  presents  itself.  May  not  the  btpfliif 
glycogen  have  an  analogous  function?  May  we  not  regard  the  prcj^emr  of 
glycogen  in  the  liver  as  in  large  measure  due  to  the  fact  that  it  is  (lepoflit^J 
there  simply  aa  a  store  of  carbohydrate  material,  being  accumulatetl  wh«i- 
ever  atnylaceous  material  is  abundant  in  the  nlimeniary  canal,  and  beio? 
converted  into  sugar  and  s*>  drawn  upon  by  the  body  at  large  to  meet  tW 
general  demunds  for  carbohydrate  material  during  the  intervals  when  ftwli* 
not  being  taken?  And  we  can  accept  this  view  without  being  able  I"  "if 
definitely  what  becomes  of  the  sugar  thus  thrown  into  the  hej^atic  bl«i 
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:  was  formerly  believed  that  tins  sugar  underwent  an  immediate  and  direct 
oxidaliou  as  it  was  circulating  in  the  blood,  but  we  have  already  dwelt 
(§  360)  on  the  objections  to  aucn  a  view.  It  is  sufficient  tor  us  at  the  present 
to  admit  that  the  sugar  is  made  use  of  in  snrae  way  or  other. 

Now,  many  considerations  lead  us  to  believe  that  a  certain  average  coin- 
poffition  is  necessary  for  that  great  internal  medium  the  l*lood,  in  order  that 
the  several  tissues  may  thrive  upon  it  tn  the  best  advantage,  one  element  of 
that  cfimfjosition  beini^  a  certain  percentage  of  sn^nr.  It  would  appear  that 
some  at  least  if  not  all  of  the  tissues  are  continually  drawing  upon  the  blood 
for  sn^r,  and  that  hence  a  certain  supply  rinist  he  kp]»t  up  to  meet  this 
demand.  On  the  other  hand  an  exce!«  of  sugar  in  the  bljod  Itself  would 
be  injurious  to  the  tissues.  And  ha  a  matter  of  fart  we  find  that  the  ijuan- 
tity  of  sugar  in  the  blood  is  small  hut  constant;  it  remains  about,  the  same 
when  tixxl  is  being  taken  as  in  the  intervals  between  meals.  If  sugar  be 
injected  into  the  jugular  vein  in  too  large  quantities  or  too  rapidly,  a  certain 
quantity  appears  in  the  urine,  indicating  an  effort  of  the  system  to  throw  off 
the  excess  and  so  bring  back  the  blond  to  its  average  condition.  The  main- 
tenance of  such  a  constant  percentage  of  sugar  would  obviously  be  pro- 
vided for,  or  at  least  largely  assisted  by  the  liver  acting  as  a  structure  where 
the  sugar  might  at  once  and  withotit  much  labor  he  packed  away  in  the 
form  of  the  leas  soluble  glycogen,  at  those  times  wheu,  as  during  an  aniyla- 
ce^jus  meal,  sugar  is  rapidly  passing  into  the  blood,  and  there  is  danger  of 
the  blood  becoming  load<Ml  with  far  more  sugar  than  is  needed  for  the  time 
being;  and  it  may  be  incidentally  noted  that  a  larger  quantity  of  sugar  may 
be  injected  into  the  portal  than  into  the  jugular  vein  without  any  reappear- 
ing in  the  urine,  apparently  because  a  large  portion  of  it  h  in  such  a  case 
retained  in  the  liver  as  glycogen.  At  those  times,  on  the  other  hand,  when 
we  may  suppose  that  sugar  ceases  to  pass  into  the  blood  fri»m  the  alimentary 
canni,  the  average  percentage  in  the  blood  is  maintained  by  the  glycogen 
previously  stored  up  becoming  reconverted  into  sugar,  and  being  slowly  dis- 
charged iuto  the  hepatic  blood. 

Moreover,  this  view,  that  the  glycogen  of  the  liver  is  a  reserve  fund  of 
carbohydrate  material,  is  strongly  supported  by  the  analog)*  of  the  migra- 
tion of  starch  in  the  vegetable  kingdom.  We  know  that  the  starch  of  the 
leaves  of  a  plant,  whether  itself  having  previously  passed  through  a  gluc<jee 
stage  or  not,  is  normally  converted  into  sugar,  and  carried  down  to  the  Toots 
or  other  parts,  where  it  frequently  becomes  once  more  changed  back  again 
into  ,suircn. 

But  in  thus  putting  prominently  forward  the  value  of  the  hepatic  glyco- 
gen as  a  storehouse  of  carbohydrate  material,  we  must  not  forget  that  the 
whoUi  uf  the  store  is  not  necessarily  destined  for  other  tissues  than  the  liver; 
it  may  be  made  use  of  in  part  by  the  hepatic  cell  itself  The  storiug-up  of 
glycogen  is  only  one  of  the  many  functions  of  the  hepatic  cell.  We  shall 
presenilv  bring  forward  evidence  as  to  the  occurrence  in  the  hepatic  cell  of 
metabolic  processes,  in  addition  to  those  more  directly  concerned  with  the 
secretion  of  bile  and  the  deposition  of  glycogen.  It  may  be  that  part  of 
the  hepatic  glycogen  is  in  and  by  means  of  the  hepatic  cell  under  certain 
circumstances  converted  into  fat;  and  this  would  explain  the  frequent 
abundance  of  fat  in  the  hepatic  cells.  But  it  will  be  observed  that  this  is  a 
very  different  thing  from  maintaining  that  the  glycogen  is  wholly  destined 
to  become  fat.  The  ptjaition  which  we  are  exi>ounding  now  is  that  the  pri- 
mary purp*>*e  of  the  glycogenic  function  is  to  provide  a  store  of  glycogen 
for  the  needs  of  the  l)ody ;  by  virtue  of  this  the  liver  holds  the  balance  as  it 
were  between  the  carbohydrate  supply  and  demand  of  all  parts  of  the  body, 
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whalfiver  be  the  purpose  eerved  by  tho  carbohydrate  in  this  or  that  tiaeue; 
Ami  all  we  are  adding  is  that  some  of  the  material  it  may  deiftiue  fur  iceelf, 
and  that  the  ube  which  it  may  make  of  it  is  to  [nuiiufacture  fat. 

§  464.  Glycogen  ia  found  in  other  piirts  of  the  body  than  the  liver,  and  a 
study  of  the  facts  relating  to  the  presence  of  glycogen  in  other  tissues  will 
help  us  to  a  truo  mnccfitiim  of  the  purpose  of  the  hepatic  glycogen.  Next 
to  the  liver,  the  skeletal  muscles  are  perhaps  the  moat  conspicuous  glycugen 
holders.  Sti  fre(|ueiitly  ia  glycogen  found  iu  luuacle  that  it  may  be  reirarded 
aa  an  ordinnry  tlmugh  not  an  invariable  consutiient  of  ihat  tijjaue;  indeed 
it  may  almost  be  considered  as  a  constituent  of  all  contractile  tissues.  The 
tjuautity  varies  very  largely  both  in  the  dittereut  muscles  of  the  same  animal 
and  corresponding  musclea  of  diflerent  animals.  It  disappears,  according 
to  some  observers,  readily  ujiou  starvation,  even  before  the  hepatic  glycogen 
ia  exhausted  :  but  all  observers  are  not  agreed  on  this  j>oint,  and  in  some 
muscleSf  at  least,  it  appears  to  be  retained  for  a  very  long  time.  It  ia  swd 
to  be  increased  in  quantity  when  the  nerve  of  the  muscle  is  divided,  and  the 
muscle  thus  brought  into  a  state  of  quiescence.  On  the  other  hand  it 
diminishes  or  even  disuppears,  being  apparently  converted  into  dextrose, 
when  the  muscle  enters  into  rigor  mortis.  Some  observers  have  found  that 
it  diminishes  during  tetanus,  and  maintain  that  it,  after  conversion  into  dex- 
trose, is  used  up  in  iho  act  of  contraction,  forming  through  its  oxidation  the 
immediate  supply  of  the  energy  set  free  in  the  contraction.  But  even  grant- 
ing that  the  glycogen  in  a  muscle  may  be  diminished  during  prolonged 
labor,  it  cannot  be  admitted  that  the  oxidation  or  other  chemical  change  of 
glycogen  is  a  necessary  part  of  the  ordinary  metabolism  of  a  muscular  con- 
traction, since  many  muscles  wholly  free  from  glycogen  are  periectly  well 
able  tt>  carry  on  long  continued  contractions. 

Another  view  of  the  use  of  glycogen  iu  muscle  is  suggested  by  the  fact 
that  undeveloped  embryonic  muscles  are  peculiarly  rich  in  glycogen.  In  a 
young  embryo,  at  the  time  when  the  muscular  substance,  though  undergoing 
striaiion,  is  still  largely  "  pnttoplasmic"  in  nature,  the  quantity  of  glycogen 
present  is  enormous;  it  frequently  amounts  to  40  per  cent,  of  the  dry  matt- 
rial.  At  thid  |>eriod  the  hepatic  cells  are  immature  and  very  little  glycogen 
is  present  in  iheni.  Ijater  on,  a^  the  muscles  become  more  wholly  striated, 
the  glycogen  largt-ly  disapftenrs  from  the  muscle,  and  very  &ix)d  aAerward 
begins  to  be  stored  up  in  the  liver. 

The  meaning  of  this  can  hardly  be  mistaken.  The  glycogen  in  the  imma- 
ture muscle  ia  a  sttire  of  carbohydrate  material,  laid  down  on  the  8|.vot.  and 
ready  at  once  m  Uc  used  in  what  we  may  probaidy  call  the  fierce  metabolic 
struggle  by  which  the  simple  prtitoplasniic  celt  substance  of  the  rudiment 
of  the  muscular  fibre  is  transformed  into  the  highly  differentiated  airiaied 
contractile  substance.  And  we  shall  probably  not  err  in  considering  the 
glyopgen  of  the  mature  muscle  tu  hold  a  similar  [xjsitiou  ;  it  is  carbohydrute 
material  stored  up  on  the  spot,  a  local  branch  so  to  speak  of  the  great  carbo- 
hydrate bank.  It  is  destined  to  becj>me  part  of  the  contractile  sul)elance, 
and  as  such  will  contribute  to  the  energy  set  free  in  a  muscular  contrac- 
tion ;  but  its  energy  is  only  available  in  this  way  after  it  has  undergone  the 
necessary  nietabolisiu  and  become  part  of  muscular  substance;  it  cannot  be 
fire*,l  of?"  in  a  contraction  while  it  lies  as  raw  glycogen,  or  even  as  dextrose, 
in  the  interstices  of  the  muscular  fibre.  We  have  already  {§  87)  discussed 
in  part  ibe  metabolism  of  "  contractile  substance,"  and  shall  probably  again 
return  to  it  later  on. 

$  465.  Glycogen  may  also  be  found  in  considerable  quaottty  iu  the  pla- 
centa. Here,  as  we  shall  sec  in  the  latter  part  of  this  work,  it  is  laid  down 
in  epithelial  cells  which  lie  on  the  boundary  between  the  maternal  and  the 
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f«*t«I  tiMues.  And  here  too  there  can  be  little  doubt  that  it  is  a  store  of 
rarlxthydnite  material  for  the  [Ujiiriahiueut  of  the  fo'tus. 

It  hue  also  been  found  in  leucocytes,  in  cartilage  ci>rpu8cle8,  especially  in 
thuee  lar§:e  rapidly  ^rowinjj;  and  rapitJly  muUiplyinji;  cartilage  corpuscles 
which  lie  in  the  outer  zone  of  endochitndrnl  o.'^^iHeiiTion.  and  in  other  situa- 
tions. In  cases  of  diabetes,  where  the  bo<ly  is  overjoailed  with  carbohy- 
drate maierial.  it  has  been  found  4n  considerable  ([uanlity  in  the  te^^tis,  in 
the  brain  and  elsewhere.  lis  occurrence  in  these  situations,  anil  under  these 
circumstances,  may  be  regarded  as  additional  evidence  of  the  truth  of  the 
view  which  we  have  exp<»unded  above,  that  the  main  nurpose  of  the  de|M«i- 
tiou  of  glycogen  is  to  afiord  a  store,  either  general  or  local,  of  carbohydrate 
material,  which  can  be  packed  away  without  much  trouble  m  long  as  it 
remains  glyc<>gen.  but  which  can  be  drawn  upon  as  a  source  of  soluble  cir- 
culating sugar  whenever  the  needs  of  this  or  that  tissue  demand  it.  It  thus 
forms  a  very  c(»mplete  analogue  to  the  vegetable  starch,  and  fitly  earns  the 
uarae  of  animal  starch. 

We  have  armie  reasons  for  thinking  that  there  are  several  varieties  of 
glycogen,  and  that  the  glycogen  which  exists  in  muscle  is  not  quite  iilenucal 
with  that  which  occurs  in  the  liver.  Indee<l  there  seem  to  be  intermediate 
stages  between  glycogen  and  starch  or  dextrin.  The  physiologiail  value  of 
Umm  difierences  has  not  yet,  however,  been  clearly  determined,  and.  with 
Ihifl  caution,  we  may  continue  to  speak  nf  glycogen  as  a  single  substance. 


Diabetet, 

§  466.  Natural  diabetes  is  a  disease  characterized  by  the  appearance  nf  n 
large  quantity  nf  sugar  in  the  urine,  due,  as  we  have  alreatly  J*aiil,  to  the 
presence  of  an  abnormal  quantity  of  sugar  in  the  blmnl.  Into  the  path- 
ology of  the  various  fjrnis  of  this  disease  it  is  iinpr>asible  to  enter  here  ;  hut 
a  tcmp<»rary  diabetes,  the  apf>earance  for  a  while  of  a  large  quantity  of  i^ugar 
in  the  urine,  may  be  artiticially  produced  in  aniniaKs  in  i*evenil  ways. 

!f  the  medulla  oblongata  of  a  well-fed  rabbit  be  punctured  in  the  region 
which  we  have  previously  described  (i^  176)  as  that  of  the  vasomotor  centre 
(iho  area  marked  out  aa  the  *'  dialx'tic  area  "  agreeing  very  closely  with  that 
detined  as  the  vasomotor  area),  though  the  animal  need  not  necessarily  be 
in  any  other  way  obviously  alfected  by  the  o]>eratiou,  itji  urine  will  be  found, 
in  an  hour  or  two,  or  even  lesa»  to  be  increased  in  amount  ami  to  c(mtain  a 
Gonsidenibte  quantity  of  sugar.  A  little  later  the  quantity  of  «iugar  will 
bave  reached  a  maximum,  after  which  it  declines,  and  in  a  day  or  two,  or 
«Ten  less,  the  urine  will  be  again  ]}erfectly  normal.  The  better  fed  the 
aDimal,  or,  more  exactly,  the  richer  in  glycogen  the  liver,  at  the  time  of  the 
operation,  the  greater  the  amount  of  sugar.  If  the  animal  be  previously 
■tarvetl  so  that  the  liver  contains  little  or  no  glycogen,  the  urine  will  after 
the  operation  contain  little  or  no  sugar.  It  is  clear  that  the  urinary  sugar 
of  this  form  of  artificial  diabetes  comes  from  the  glycogen  of  the  liver. 
The  puncture  of  the  medulla  causes  such  a  change  in  the  liver  that  the  pre- 
viously stored-up  glycogen  ilisappears,  and  the  blood  becomes  loaded  with 
augar.  much  if  not  all  of  which  passes  away  by  (he  urine.  In  the  absence 
of  any  proof  to  the  contrary,  we  may  assume  that  iji  this  form  of  artiHcial 
diabetes  the  glycogen  previously  present  in  the  liver  becomes  converte<l  into 
augar,  just  as  we  know  that  it  does  become  so  converted  by  post-mortem 
change*.  The  glycogenic  function  of  the  liver  is,  therefore,  subject  to  the 
influence  of  the  nervous  system,  and  in  [>articular  to  the  influence  of  a 
region  of  the  cerebm-spinal  centre  which  we  already  know  as  the  vasomotor 
centre,  or  at  least  of  a  part  of  that  region. 
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Before  we  attempt  to  (IIbcuss  this  nervous  iDfluence  we  must  Bay  a  few 

words  <>n  the  nerved  of  the  liver. 

§  467.  The  liver  is  supplied  with  nerves  from  the  hepaiie  plexus,  which 
pn$^08  into  the  liver  at  the  pnrtu  niid  running  in  the  portal  canal  with  the 
nejjatic  artery  and  portal  vein,  is  distributed  to  various  parts  of  the  orjrau. 
This  plexus,  which  is  the  only  nerve  BUpply  in  the  liver,  conaists  partly  of 
nievlidlated  and  partly  ot  nun-raedullateti  fibres,  and  ia  an  extension  of  the 
great  solar  plexurt  already  oRen  lueutioned.  Into  that  plexus  as  we  have 
already  seen  the  right  (poHterinr)  v:i(i;ua  ^oiidfi  the  greater  part  of  iia  fibres, 
and  in  that  plexug  both  the  abdominal  splanchnic  nerves,  major  and  minor, 
end,  ou  both  sides  ol'  the  body.  The  left  (anterior)  vagus  forms  slight  cua 
nectious  only  with  the  solar  plexus  but  sends  of{  a  very  distinct  bnincli^ 
directly  to  the  hepatic  plexus.  The  liver,  therefore,  has  nervous  counecti<>i|i 
with  the  central  nervous  sy^item  by  both  vagus  nerves  and  by  the  (abdonji- 
nal)  splanchnic  nerves.  Besides  this  other  nerve-fibres  find  their  way  through 
the  riplauchnic  sympathetic  chain,  or  possibly  otherwise,  to  the  solar  plexus 
from  the  spinal  cord  without  taking  part  in  either  of  the  Hplauehnic  nerves; 
an<l  these  may  jwrhaps  join  the  hepatic  plexus. 

Concerning  the  destination  of  the  fibres  of  the  hepatic  plexus  within  the 
liver  we  know  little  or  nothing  definitely.  .Some  undoubtedly  supply  the 
hepatic  arterv  and  its  branches;  but  we  cannot  at  present  say  what  nropor- 
tiou  of  the  whole  number  nf  fibres  end  in  this  way.  Some  again  are  destined 
for  the  bile-duct;?,  and  before  the  plexus  passes  into  the  liver  it  sends  fibres 
to  ihe  gali-blndiler  ;  these  probably  end  in  the  muscular  coats  of  these  organs. 
Whether  any  of  the  nerve-fibres  end  in  the  remarkably  muscular  coat«  of 
the  portal  vein,  or  whether,  as  theoretical  reasons  would  perhaps  lead  us  to 
aujipose,  some  ar^  connecle<l  with  the  hepatic  cells  we  do  not  for  certain 
know,  though  some  observers  have  claimed  to  have  traced  nerve-tibres 
directly  info  the  hepatic  cells. 

§  468.  With  regard  to  the  exact  nature  of  the  influence  started  by  the 

fMincture  of  the  medulla,  and  the  path  by  which  that  inHuence  reaches  the 
iver,  our  information  is  at  present  very  imperfect.  One  thing  seems  clear, 
viz.,  that  the  influence  in  <]ueBtiou  is  not  carrii:'d  d<uvn  by  the  main  vagus 
trunks;  for  not  only  has  the  section  of  both  ihese  nerves  in  the  neck  no 
marked  eHecl  in  the  way  of  producing  diabetes,  but  the  "diabetic  punc- 
ture" of  the  medulta  oblongata  is  as  efficient  alLer  divLsiou  of  both  vagus 
nerves  as  befure.  Seeing  how  close  in  or  almost  identical  with  the  vasomotor 
centre  is  the  diabetic  centre  if  we  may  use  the  phrase,  it  seems  natural  to 
suppi>3e  that  the  undue  conversion  of  glycogen  into  sugar  which  follows  the 
puncture  is  the  result  of  some  vasomotor  disturbance  in  the  liver,  for  instance 
dilatation  of  the  hepatic  artery.  But  we  have  no  clear  proof  that  this  is  the 
true  explanation,  and,  indeed,  if  the  phenomena  are  the  result  of  the  failure 
of  normal  vasu-conatricLor  impulses,  those  impulses  do  not  reach  the  liver 
by  the  tract  which  we  should  8up])03e  them  naturally  to  take,  viz.,  from  the 
vaso-conslrictor  region  of  the  cord  through  the  splanchnic  nerves,  for  division 
of  the  splanchnic  nerves  even  on  both  sides  does  not  cause  diabetes.  More- 
over, that  the  effects  are  not  due  to  vaso-dilator  results  is  shown  by  the  fact 
that  strychnine  poisoning  produces  diabetes  in  frogs,  and  produces  it  by 
rapidly  nurrying  into  sugar  ihe  hepatic  store  of  glycogen.  Now  in  strychnine 
poisoning  the  bloodvessels  are  constricted,  not  dilated,  their  muscular  fibree 
like  the  skeletal  muscles  being  thrown  into  contraction  by  the  action  of  the 
poison. 

The  vascular  relations  of  the  liver  are  it  is  true  peculiar,  the  small  hepatic 
artery  contrasting  with  the  wide  portal  vein  ;  and  it  may  be  that  the  diabetic 
efiects  are  contingent  not  so  much  on  the  absolute  account  of  constriction  or 
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dilatatiiiti  of  the  bepalic  artery,  as  on  the  relation  of  the  How  through  that 
aiterv  to  the  flow  through  the  portal  vein.  Indeed,  in  auftport  of  thift  view 
nay  W  aftduce<l  the  Hlatenieut  that  tuection  of  l>oth  i«|>huichiitc  nerves  not 
only  does  not  cause  diabetes,  hut  prevent*  the  usual  ofleots  of  the  diabetic 
puncture  ;  nnd  this  has  been  interpret*jd  as  ahowiujf  thiit  the  increased  portal 
flow  thus  induceii  counterbalaucea  theetIecti*ofdilulalii)n  of  the  lie|)atie  artery. 
Bill  we  have  at  present  no  exact  information,  and  there  ia  as  yet  nothing 
<li8tim'tly  to  negative  the  view  that  in  this  artiticial  diabetea  the  nervous 
iurtuence  is  brought  to  Iwar  on  the  hepatic  cell  itself. 

There  are  some  facta  which  seem  to  ehow  that  the  path  of  this  nervous 
influence  on  its  way  to  the  liver  from  the  spinal  cord  paj*ses  thnmgb  the  Hrst 
ihomcic  ganglion,  ganglion  Htellatuin  ;  but  how  it  reaches  the  hepatic  plexus 
from  this  ganglion  is  wholly  unknown. 

$469.  A  temporary  diabetea  may  be  brought  about  by  the  administration 
of  the  substance  phluridzin.  This,  however,  is  a  glucoside,  and  part  of  the 
sugar  which  ttpf)ears  in  the  urine,  after  a  dose  of  it,  may  conic  direct  from 
tbc  drug  itsjelf;  but  the  quantity  i»f  sugar  discharged  is  too  ^reat  to  be 
•ccmnted  for  in  this  way,  and  similar  diabetic  eliects  are  produced  by  the 
■diuinistralion  of  phloretin,  a  ilerivate  of  phloridzin,  not  a  gluc<:tpide,  and 
not  wiving  rise  to  sugar  by  its  own  decomposition.  The  sugar  which  appears 
iu  the  urine  ailer  a  dose  of  this  substance  seems  to  come  in  part  at  least 
fn>ui  the  hepatic  store  of  glycogen  when  that  is  present ;  but  the  drug  will 
give  rise  to  sugar  in  the  urine  of  starving  auimaL<,  from  whose  livers  (and 
other  tissues)  glycogen  is  presumably  al>s<^-nt.  In  such  cases  the  dnigappears, 
in  some  way  or  otber^  to  either  stir  up  the  hepatic  cells  to  a  manufacture  of 
MJgtu'  (and  this  fact  is  worth  remembering  in  relation  to  the  discussion 
which  we  lately  entered  into  (M*>-).  as  to  the  nature  of  the  formation  of 
glycogen)  or  to  prixluce  sugar  out  of  some  of  the  other  tissues  of  the  bodv- 

Ariificial  diabeien  is  also  a  prominent  symptom  of  urari  poisoning.  This 
ie  not  due  to  the  artiticial  respiration,  which  is  had  recourse  to  in  order  to 
keep  the  urarize<l  animals  alive  ;  Iwcausc,  though  disturbance  of  the  respira- 
tory functions  sufficient  to  interfere  with  the  hepatic  circulation  may  pro<luce 
sugar  in  the  urine,  artiHcial  respiration  may  with  care  be  carried  on  without 
mny  sugar  making  its  ap[>enrance.  Moreover,  urari  causes  diabetes  in  frog8» 
Although  in  these  animals  respiration  can  be  satisfactorily  carried  on  without 

^  pulmonary  respiratory  movement.s.     The  exact  way  in  which  this  form 

'dwbet«fl  is  brought  about  has  not  yet  been  clearly  maHe  out. 

A  verv  similar  diabetes  is  seen  in  carbonic  oxide  poisoning;  and  is  one  of 
the  resufts  of  a  sufficient  dose  of  morphia,  of  amyl-nitrate  and  of  sf>me  other 
drugs. 

There  can  be  no  doubt  that  in  diabetes,  arising  from  whatever  cause,  the 
•agar  appears  in  the  urine  becauw  the  bloorl  coniaintt  more  sugar  than  usual. 
Xhe  srstem  can  only  disjxme  ^either  by  oxidation,  or  as  seem:^  more  probable 
Ib  other  ways)  of  a  certain  quantity  ctf  sugar  in  a  certain  time.  Sugar 
te^AOted  into  the  jugular  vein  reappears  in  the  urine  whenever  the  injection 
becomes  so  rapid  that  the  percentage  of  sugar  in  the  blood  reaches  a  certain 
(low)  limit.  Sugar  iti  the  urine  means  an  excess  of  sugar  in  the  blood.  How 
in  natural  dial»etes  that  excess  arises  has  not  at  present  been  clearlv  made 
out.  It  may  be  that  some  forms  of  diabetes  resemble  the  urtiBcial  tliabetes 
just  described  as  resulting  from  puncture  of  the  medulla,  and  ari^c  from  a 
too  rapid  conversion  of  the  hepatic  glycogen,  or  from  carbohydrate  material 
failing  to  be  stored  up  as  glycogen,  or  from  an  excessive  manufacture  of 
carbrmydrate  material  by  the  hepatic  cells.  All  forms  of  diabetes,  however, 
cannot  be  satisfactorily  ejcplained  in  this  wav  ;  and  it  has  been  suggested, 
tbougb  adequate  jiroof  has  not  yet  been  supplied,  that  the  sugar  of  diabetes 
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ia  of  a  peculiar  nnture  aiul  accumulates  in  the  blond  because  it  is  uiiJililr  li 
undergo  ihone  chanfics,  whatever  they  Ini,  which  befall  the  n«irniul  Bupar  »>t^ 
the  blood.  We  cauiiut  here  discuss  the  subject  in  iletuil ;  but  tbera  m  nacb 
to  \\e.  said  in  favor  of  the  view  that  the  sources  of  the  excess  of  BOnr  in  the 
blood  may  be  varioua,  and  hence  that  wveral  <l!8tinct  vnrieliesi  of  di&b«l«v 
may  exiet.  In  severe  canes  of  diabetetj  the  uberraut  nature  of  the  iDetaboliaBi 
which  is  goin^  on  in  some  or  other  of  the  li^uee  of  the  t>ody  'a  ahowo  by  tiur 
appearance  of  abnormal  sub8tauee$  in  the  urine.  Thus  acetone  is  freoufoUj 
pre^nt,  and  the  fatal  issue  of  certain  cases  has  Ix'en  attributed  to  poMOOisf 
bv  that  substance ;  oxybutyric  acid  and  other  various  orf^anic,  obieflr  Tola- 
tile.  aciila  are  also  aometimea  present.  But  in  respect  to  these  and  other 
abnormal  bodies  we  are  not  at  present  clear  whether  they  are  like  the  fopir 
itself  the  products  of  an  abnormal  metabolism  which  ia  the  root  of  tbe  dit- 
ease,  or  whether  they  are  secondary  prtMluct^,  that  is  to  say.  products  of  tbm 
general  disordered  metabolism  induced  by  the  constant  presence  in  the  b  ~ 
of  an  excess  of  Hugar.  We  have  already  in  discussini;  tbe  formatiuo  of  gly^ 
oogcn  called  attention  to  the  fact  that  in  severe  cases  of  diabetes  the  tngftr 
must  have  a  non-amylaoeout^  source ;  and  the  fact  that  the  area  k  liicmiied 
(and  that  loo  in  some  caai^  in  ratio  with  the  sugar)  in  diabetes, aoggeeta thai 
the  sugar  may  arise  from  pn>teids  which  have  bet*n  split  up  into  a  nitrojre- 
nous  (urea)  and  a  non-nilrogeuous  moiety,  and  so  fK>int«  out  the  way  in  which 
pniteids  may  he  a  source  of  (glycogen. 

As  a  sort  of  converse  to  diabetes  we  may  mention  that  the  ailmioistratioii 
of  arsenic  in  sufKcient  do^es  or  for  an  adei]uate  time  prevrnts  an  aocymalft- 
tion  of  glycogen  in  the  liver  and  apparently  in  the  body  generally,  whAterer 
be  the  diet  used.  The  presence  of  the  metal  in  the  hepatic  cell  wecw  to 
prevent  the  cell  substance  from  manufacturing  glycogen  either  fn>m  carbr4iT' 
urate  material  brought  to  it,  or  out  of  its  own  substance,  As  any  other  kind 
of  crmverse  we  may  also  state  that  the  administration  of  glycerin,  especially 
through  the  alimentarv  canal,  diminishes  the  etiect  of  the  diabetic  puncCure, 
or  of  morphia  or  of  other  poisoning,  in  hurrying  on  tbe  hepatic  store  of  j^f* 
oogeo  into  sugar,  ami  thus  diminishes  the  sugar  in  the  urme;  tbe  pranacs 
of  the  glycerin  in  the  hepatic  cell  appears  to  be  iu  some  way  a  hindtaiMe 
to  the  conversi(m  of  the  glyogen  into  sugar.  Now  glyceriu  iujeded  tuto 
the  alimentary  canal  of  a  normal  animal  leads  to  an  increase  of  glrcoK«ti  in 
the  liver;  and  the  view  very  naturally  suggests  itself  that  this  ioerease 
arising  fnjm  the  glycerin  is  to  In?  explained  by  the  glycerin  inhibitiogi© 
some  wnv  a  n*»rmttl  eon  version  of  the  glycogen  sUire  into  sugar  wfc' 
continually  going  on,  and  thus  increasing  for  tbe  lime  that  store. 


The  Spleen. 


§470.  The  strurlttrr  of  the  »p/**eu.  We  may  now  take  up  the 
tion  of  the  formation  of  the  ctm^tituents  of  bile,  a  matter  which  in  dsdiDg 
with  the  secretion  of  bile  (^*J5T)  we  iHwtfximNi.  Of  these  ooostitiMBli  tlH 
most  im^Kirtant  arc  the  '*  bile-salts  "  on  the  one  band,  and  the  bile  piiinwil 
on  the  other.  We  will  take  the  latter  tirnt ;  but  since,  as  we  hare  MreAdy 
said  (VJHi.  the  bile  pigment,  bilirubin,  apfH^rs  tn  be  derived  froai 
glohin,  and  !»ince  the  spleeo  seems  to  be  cHpecially  conci-me*!  in  the 
which  hiemoL^lobin  undergoes  in  the  l»o<ly.  wo  must  tir^t  turn  tf>  the  iCnKtttin_ 
of  thai  organ. 

When  a  fresh  spleen   is  cut  acn^ss.  the  whole  interior  within  the 
deftnetl  ihmii  or  rupsnU  [Fig.  1^7]  presents  the  appearance  of  a  dnrk-rMl 
S|Hjngy  mass,  tniv>*r**H|  bv  irregularly  dixpiKunl  luilnr  bands  or  fmA^rtiAv,  orwl 
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motlkd  by  the  presence  ui  wliite  boflies  about  tbe  size  of  a  jiiirs  head,  the 
Mafpighinn  ror/juscien.  bIbo  irrtf;u!ar]y  disposed.     The  whole  urgau   is  very 

[Fw.  107. 


Vkhtioal  SEmoK  OF  A  Small  SvPFjcncui.  Porhon  op  tub  Ut*MAif  Splkkk.  as  ss£5 

HITII    A    IjftW    INjWICU. 

A.  ^ntoneal  anJ  fitnuis  covering;  6,  tmbeculit  :  r.c.  MalpiKbUiii  cui-|>UM?Irs,  in  uiiv  ol  which 
Anonvry  ii  seen  cut  tmiisversely,  In  the  ntbtr  tonKitudfiittlly  ,  if,  fnjecteO  nrterU.!  iwlg«;  r.  Rjileeit* 

gi>i\,  and,  by  stjueeziug  or  otherwise,  small   portions  oi'  the  red  spongy  mass 
Clin  1)6  unlated  iu  a  semi  diiid  pulpy  cunditiun.  kuawn  aii  spleen-pulp.     [Fig. 

|Kl>i.  108. 


Tiiiv  Snttofc  or  Sflkkn-itu'.  UioiiI/V  Maumhco.  Suuuinu  tus  Uoi^k  or  OiiUiis  ur 

A   a«AU.   VKIN    tN  THr    lNTrH>.Tit  r>   OK  THE   Pl'I.I'. 

%  tbe  rein,  tilled  wllb  blood -t^tirpiifcles,  wtiicb  aro  in  coiuhiuily  wUlt  oihera,  Ut,  ailing  up  the 
lotvntlc«N  of  tlK-  tvtifoTOi  tlN^uc  of  (ht;  pulp :  i",  wall  of  the  velii.  The  sluidi^  iKKSlm  ajno&ftst  the 
rd  bUMid-oor|t|ih:Ic9  »rt!  palu  cor) m tack's.] 

168.]  The  redness  is  obviously  due  to  red  blood-corptiscles;  and  it  is  clear, 
at  the  outeet,  that  thu  eplfcii  |)()8Mr»'ea  an  unusually  large  sup[>ly  of  blood, 
which  moreover  Beeine$  to  be  disj>o^'d  in  an  unusual  manner. 


590 


TUE     METABOLIC    PROCESSES    OK    THE    BODY. 


When  by  n  stream  of  normal  salioe  eolutiou  driven  through  its  vessels  as 
nnich  blood  as  \a  possible  id  wonhed  away  from  the  spleen,  and  the  organ  ia 
subsequently  hardened  in  the  tinual  way,  preferably  in  a  distended  condition, 
sections  reveal  the  folluwiiig  feulure.^.  The  0H}>6ule  consists  of  an  outer 
layer  of  connective  tissue  covere<J  with  epitheliolfi  plates,  forming  the  jwri- 
tuneal  coat,  and  coatinuous  with  this  an  inner  dee(>er  layer,  comj>oseu  of 
connective  liaaue  with  networks  of  elaatie  fibres,  and  containing  a  certain 
number  of  bundles  of  plain  muscular  tissue ;  this  deeper  layer  of  the  cap- 
sule ^ived  ijfl  nmudeJ  ur  Hatteued  hundlea  of  the  same  nature  as  iteelf, 
which  pass  In  all  <Urections  into  rhe  interior  of  the  organ,  branching  and 
anastomosing  freely ;  these  are  best  develo(>ed  toward  the  side  or  hilus, 
where  the  branches  of  the  splenic  artery  with  the  splenic  nerves  enter,  and 
whence  the  splenic  veins  issue.  The  mode  of  braucbiug  is  irregular,  and 
the  branches  vary  in  size»  larger  trabeculse  giving  rise  to  smaller  ones,  so 
that  the  whole  interior  of  the  ttrgan  ia  divided  into  a  labyrinth  of  irregular 
communicating  chambers,  which  contain  in  the  fresh  state  the  spleen-pulp 
mentioned  above. 

The  baHis  of  both  cafisule  and  trabecuhe,  frnuill  and  great,  is  connective 
tissue  well  furnished  with  elastic  elemt'Uts.  In  s(»rne  animals,  ai^ for  instance 
in  the  dog,  thiw  basi:^  is  so  richly  provided  with  plain  muscular  fibres,  that 
bulb  trabeculie  and  ca(i8iile  (in  its  deeper  layers)  seem  to  be  almf«t  entirely 
coropoecd  of  muscular  tisstie.  In  other  animals,  in  man  for  instance,  the 
muscular  elements  are  much  more  scanty.  The  capsule  and  trabecul»^ 
small  and  great,  thus  form  a  sponge-like  framework,  which  being  elastic  can, 
even  in  the  cases  where  the  muscular  ribres  are  scanty  or  absent,  at  one 
moment  be  distended  so  that  the  chambers  are  capacious,  and  at  another 
moment  can  by  virtue  of  lU  elasticity  shrink  sti  that  the  chambers  are  re- 
duced in  size.  In  the  animals  iu  which  muscular  fibres  are  abundant  still 
freat^r  variations  of  size  are  possible.  When  the  muscles  are  relaxed  a 
istending  force,  such  as  is  furnished  by  the  pressure  of  the  bh>od-8tream, 
can  swell  out  the  framework  to  a  very  great  bulk  :  and  an  a<lequate  coo- 
traction  of  the  muscular  fibres  can  in  turn  squeeze  the  sponge-like  mass  into 
very  small  dimensions.  As  we  shall  presently  rfee,  rhythmical  or  other  con- 
tractions of  the  capsule  tind  trabecular  labyrinth,  in  auimal^  iu  which  these 
are  largely  muscular,  do  produce  remarkable  and  important  variationn  in 
the  volume  of  the  spleen. 

li  471.  This  ?[)onge-like  framework  of  capsule  and  trabccula?  reminds  one 
of  the  structure  of  a  lymphatic  gland,  and  the  resemblance  is  carried  still 
further  hy  the  chambers  of  the  labyriuth  being  occupied  by  a  reticular 
nuxlificatjou  of  connective  tissue.  But  the  resemblance  is  sujierficial  only. 
The  chiitubers  marked. out  by  the  trabeculse  of  the  spleen  are  wholly  irregu- 
lar ;  there  is  not,  as  in  a  lymjihatic  ghiud,  anv  distinction  betweeji  a  cortex 
with  large  radiating  chambers  and  a  meilulla  with  anastomosing  tubular 
chambers  ;  the  trabecular  are  closest  toward  the  hilus,  but  otherwise  one  part 
of  the  spleen,  as  regards  the  arrangement  of  trabeculse,  is  like  any  other. 
Moreover,  the  reticular  tissue  occupying  the  chambers  shows  no  disiiuciiuo 
between  lymph-sinus  and  follicle,  is  not  exactly  like  the  tine  reticulum  of 
the  one  or  the  coarse  reticulum  of  the  ulher,  but  of  a  nature  distinct  from 
each,  and  hns  no  special  connectiou  with  lymphatics,  but  has  peculiar  rela- 
tions to  the  minute  bloodvessels. 

Except  at  the  white  spots  occupie<l  by  the  Malpighian  corpuscleSj  of  which 
we  will  sjMiak  ])rei=eiUly,  the  splenic  reticulum  is  somewhat  coarse,  coarser 
than  ordinary  adenoid  tissue  (i;  2b0),  and  over  a  large  part  of  the  spleen  is 
made  up  of  branched  nucleated  cells,  the  branches  of  which  are  membranous 
and  (lange-like  rather  than  filamentous.     These  Ranges  of  neighboring  cells 
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join  with  each  other,  and  thus  form  a  labyrintbioe  network,  the  walls  o^  the 
minute  passages  of  whiob  are  fbrined  uot  of  libret^,  but  of  irregular  tiheela. 
In  Boiue  parts  of  the  spleen,  however,  these  flange-like  processes  are  replaced 
by  Bbree,  and,  the  bo<lie8  and  nuclei  oi  the  congtituent  cells  being  rare,  the 
reticulum  appears  oi^  a  more  ordinary  reticulum  of  tine  fibrei". 

The  bars  of  thU  reticulum,  whether  flange-like  or  filamentous,  are  at  the 
edges  of  the  trabeculum  coulitiiioiiH  wiih  the  ^ul)Htauce  of  the  Irabecuhe;  the 
smaller  trnbecuke  break  uji  into  the  reticulum,  and  the  larger  rrabeculu*  are 
fringed  with  proce^se^  continuous  with  the  bars  of  the  reticulum.  Thus  the 
coarser  network  nf  the  trabecular  system  is  continuous  with  the  fioer  net- 
work <)f  the  reticulum. 

The  reticulum  of  the  lyniphHti^'  gland  contained,  it  will  be  remembered, 
liesides  Huid,  leucocytes,  these  being  crowded  in  the  follicle  and  more  sparse 
in  the  lymph-aious.  The  splenic  reticulum  also  contains  leucocytes,  but 
these  are  thrown  into  the  background  by  the  large  number  wf  red  corpuscles 
with  which  the  meshes  (»f  the  reticulum  are  crowded.  The  reticulum,  in 
fact,  is  Hllerl  with  blood,  und  peculiur  urruti^'Oineuts  exist  by  which  the 
blood  gains  access  to  the  spafe^  of  tlio  rcticuliini.  What  we  spoke  uf  above 
aft  "spleen-pulp"  expressed  from  the  frwsh  spleen  ct^nsiJils  of  fragmenta  of 
the  reticulum,  together  with  the  red  and  white  corpuscles  occupying  the 
meshes  of  that  rclii'ulum. 

i;  472.  The  splenic  arlfriea  entering  the  spleen  at  the  hiUis  are  in  some 
animals  at  first  suj>ported  by  the  trahecutse,  along  which  they  run,  dividing 
as  they  go.  but  the  branches  at  last  leave  the  trabecuht^  and  plunge  into  the 
reticulum.  In  other  animals  the  arteries  run  more  independent  of  the  tra- 
beculse.  As  they  leave  the  trabeculse.  or  toward  iheir  terminations,  the 
amall  arteries  are  apt  to  <livide  into  pencils  of  small  twigy.  In  a  similar 
manner  the  veins  may  be  traced  back  along  the  trabecuhe,  small  and  great, 
along  which  they  are  gathered  up  from  smaller  veins  of  the  reticulum  ;  but 
the  veins  do  not  run  in  the  reticulum  as  distinct  vessels  to  the  same  extent 
that  the  arteries  do. 

In  the  reticulum  the  minute  arteries,  according  Uy  must  observers,  are  not 
continuous  in  the  usual  manner  with  veins  by  means  of  closed  capillaries; 
but  a  peculiar  arrangement  is  met  with.  The  epithelioid  plates  forming  the 
canillary  wall,  instead  of  being  cemented  together  to  lorm  a  continuous 
tubular  dheath,  are  separate  from  each  other,  come  asunder  as  it  were,  and 
thus  allow  the  lumen  of  the  capillary  or  rather  of  the  minute  artery  to  oj>eu 
out  into  the  splenic  reticulum  ;  indeed,  the  epithelioid  plates  no  longer  retain 
tbeir  »in3ple  spindle  shape,  but  becoming  branched  and  irregular  are  trans- 
formed into  the  cells  of  the  reticulurti.  In  this  way  the  channel  of  the 
bloodvessel  becomes  continuous  with  the  labyrinth  of  the  splenic  reticulum ; 
and  by  a  converse  procesfi  the  same  iubyrioth  is  made  continuous  with  the 
plexiform  beginnings  of  small  veins,  the  so-called  venous  sinuses,  which  end 
in  the  veins  running  along  the  trabecuhe. 

Thus  the  blood  flowing  along  the  splenic  artery  escapes  from  the  open 
ends  of  the  minute  arteries  into  the  splenic  reticulum,  and  is  gathered  up 
from  the  reticulum  into  the  open  moutlm  of  minute  veins.  When  the  cup- 
Biile  and  trabeculse  are  in  a  relaxed  coniliiion  a  not  inconsi<lerable  portion 
of  blood  thus  escapes  into  the  reticulum  aud  tarries  in  the  meshes,  where  it 
undergoes  changes  of  which  we  shall  pre^ntly  speak;  when  the  caj»sule 
and  trabeculie  are  contracted  and  shrunken,  the  blood  flows  in  a  more 
direct  manner  through  the  narrowed  channels  from  the  arteries  into  the 
veins. 

§473.  The  lymphatic  vessels  of  the  spleen  are  not  very  numerous.  The 
capsule  and  the  trabecuire contain  lymphatic  plexuses  o|>eniug  into  lymphatic 
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trunks,  which  leave  the  hilus  with  the  bloodvessels.  There  is,  however,  a 
remurkRhlc  lynij>butic  duvt^loptueut,  in  the  lurm  of  a  sheulh  of  adeuoid 
tissue,  which  ticconipanies  the  arteries  for  some  distance  as  they  leave  ihe 
trabecuht;  and  with  which  the  Ivniphatic  vessels  of  the  traheculte  are  cou- 
Deoted.  So  lon^  as  the  arteries  are  running  along  the  trabeeulnj  this  uden<»id 
sheath  is  either  absent  or  extremely  scanty  ;  but  as  the  finer  arterial  branches 
plunge  into  the  reticulum,  it  is  so  increased  in  bulk  at  intervalB.  and  espe- 
cially where  an  artery  i-*  dividing  iiiui  twi».  as  tu  furm  an  oval  or  spherical 
mas«  visible  to  the  naked  eye,  and  cnnspicuou!*  from  its  color  because  the 
adenoid  tiesuc,  crDwdeii  as  usual  with  leucocytes,  appears  white  or  colorlesB 
as  compared  with  the  dark-red  3|deeu]>ul[>.  TKoi^e,  in  fact,  are  the  Mal- 
pighiuu  corpuscles  spoken  of  abuve.  Each  MaJpigbian  corpuscle  is  a  more 
or  less  globular  mass  of  adenoid  tissue,  crowded  with  leucocytes,  developed 
iu  the  adventitia  of  a  minute  artery  running  in  the  splenic  reticulum.  A» 
a  rule  the  develojinieiit  takes  place  on  one  side  of  the  artery,  so  that  the 
rounded  Malpighiiin  corpuscle  seems  to  be  sitting  on  the  artery.  Some- 
times the  devc'lojinient  lakes  place  more  or  leeti  regularly  on  all  sides  of 
the  artery,  so  that  the  artery  ap|iears  to  [)ierce  and  run  through  the  rounded 
mats,  which  is  then  called  not  a  Malpighian  corpuscle,  but  a  "hyjK^r- 
plasic  spot;"  and  not  iufrei^ueutly  the  artery  divides  iu  the  middle  of  the 
masfi. 

The  adenoid  tissue,  as  elsewhere  (^  2*i0j,  is  con)|K)sed  of  a  tine  reticulum 
crowded  with  leucocytes;  the  corpuscle,  in  fact,  closely  resembles  a  suliiary 
gland  of  the  intestine  or  a  roiiuderl  mass  of  the  follicular  substance  of  a 
Ivmphatic  gland.  Hut  it  differs  frmii  these  structures  in  not  being  sur- 
rounded by  any  distinct  lymph-sinus;  at  the  circumtereuce  the  true  adenoid 
tiaeue  passes  suddenly  into  the  coai-ser  splenic  reticulum.  The  artery,  as  it 
passes  through  the  Malpighian  corpuscle,  gives  off*  to  it  fine  branches,  which 
form  a  capillary  network  through  the  adenoid  tissue,  and  at  the  circum- 
ference open  out  into  the  labyrinth  of  the  splenic  reticulum.  These  Mal- 
pighian corpnsdes  are  so  numerous  that  in  a  section  of  a  fresh  normal  spleen 
the  dark-red  ground  of  the  splenic  substance  ap[jeaiB  quite  mottled  bv 
reason  of  the  white  dots.  Hence  no  inconsiderable  portion  of  the  blooii 
reaching  the  spleen  linds  its  way  into  the  meshes  ^i'  ihe  splenic  reticulum 
after  i>a88iug  through,  antl,  prububly  alter  acting  upon,  and  being  acted 
upon  by,  the  adenoid  tissue  of  a  Malpighian  orpuacle. 

What  is  known  as  aar/o  eplten  is  so  called  because  the  Malpighian  corpus- 
cles become  enlarged  and  transparent,  in  consequence  of  the  leucocytes  under- 
going "  lardaceuus'"  degeneration;  the  same  change  may  also  aHect  the 
adenoid  tissue  of  the  small  arteries  and  may  even  spread  to  the  splecn-pulp. 

!!474.  The  nerves  of  the  spleen  which  pass  into  the  i^rgan  at  the  hilus 
with  the  btoudvessels  are  derived  froju  the  solar  plexus.  They  consist  chieHy 
of  non-meiiuUnted  fibres  mingled  with  which  are  a  few  medullated  fibres. 
Their  terminations  have  not  been  as  yet  exactly  made  i)ut,  but  while  manv 
presumably  are  distributed  to  the  bloodvessels,  there  can  be  little  doubt  that 
some  end  iu  the  capsule  and  trabecule,  at  least  where  these  contain  muscular 
tissue,  and  thus  bring  the  contmctions  of  these  structures  under  the  guidance 
of  the  8|>ecial  nervous  system. 

The  ceutri|)etal  course  of  the  fibres  of  these  splenic  nerves  haa  not  yet  been 
made  out  definitely  ;  we  may  perhajis  safely  conchnle  that  the  majority  are 
derived,  like  the  tibreg  ^distributed  {a  the  neighboring  abdominal  organs, 
from  the  dorsal  spinal  cord.  That  the  vagus  also  contributes  fibres  is  very 
prttbable. 

§475.  When  the  so-called  spleen-pulp  is  examined  under  the  microecope, 
it  is  found  to  consist,  besides  the  branched  cells  an<l  fibres  constitutlDg  the 
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rrtT<?uliim,  of  cells  which  may  be  Heecribed  as  partly  red  corpuscles  and  partly 
white  corpuscle*  or  leucocytes.  We  spoke  of  the  meshes  of  the  reticulaiu  as 
being  tilled  with  bh^od  ;  hut  it  is  obvious  that  the  corpuscles  of  the  blood 
muRi  move  leas  readily  through  the  labyrinth  than  does  the  fluid  plasma,  aud 
that  hence  a  coucentralion  of  the  corpuscles  as  C4jiiipared  with  the  phisma 
must  take  place  in  the  meshea.  The  ctmtentsof  ihe  meshes  cannot,  properly 
speaking,  be  called  blu»d,  but  are  rather  agg^regatious  of  corpuscle*  with  a 
relatively  smalt  quantity  of  Huid. 

The  white  corpuscles  or  leucocytes  are  very  various.     Some  are  small,  like 
tlie  leucocytes  of  a  lymphatic  gland,  the  cell  substance  being  scanty  relatively 
to  the  nucleus.     Others  are  indistinguishable  from  the  ordimiry  white  corpus- 
cles of  the  blood.     Others  again  are  large,  twice  as  large  as  an  ordinary' 
white  corpuscle  or  even  larger  than  this,  poiiseAs  more  than  one  nucleus,  and 
CfiniiiiD  in  their  cell  substance  numerous   refractive,  pale  yellow  or  colorlees 
gninules.     Some  of  these  larger  forms,  which  like  the  others  exhibit  amoiboid 
uidvements,  and  are  often  irregular  in  fornu  are  characterized  by  the  prcs- 
*;nce  in  iheir  cell  substance  of  red  corpuscles^  sometimes  in  almost  a  natural 
t^wlition,  aoraetimes  more  or  Jess  irregular  in  shape  with  their  red  htemo- 
gl»»l»in  changing  into  ilie  browner  hietuatin,  and  sornetintea  disintegrated  into 
«  moAB  of  brown  grannies.     The  fluiil  or  plasma  in  which   these  cells  float 
ilto contains  besides  norttial  red  ci^rpuscles  a  certain  lutniber  of  red  corpus- 
t'ln  iu  various  stages  of  change,  a.s  well  at*  pigment  grannies  whioh  appear 
lube  derived  from  hiemoglobin.     Obviously  a  certain  number  of  red  corpus- 
cirt  Ho  undergo  change  in  the  spleen,  hut  whether  the  change  is  mamly 
ftfecied  in  the  cell  substance  <jf  the  cells  just  mentioned,  or  takes  place  in  the 

eacmn,  the  products  of  disintegration  being  subsequently  taken  up,  in  amce- 
>id  fashion,  by  the  cells  iu  question  is  not  as  yet  clear.  Besides  the  above, 
in  the  spleen  of  young  animals,  nucleated  cells  with  huemoglobinholding 
cell  substance,  hiematoblasts  (see  !j  27),  have  been  described  ;  these  are  said 
u>  appear  also  in  the  spleen  of  adulta  after  very  great  loss  of  blood. 

^  476.  TVif  moinntntg  of  the  itplecn.  As  we  have  already  stated,  the  volume 
"f  the  spleen  is  subject  to  considerable  variations, 

Ailer  a  meal  the  spleen  increases  in  size,  re-aching  its  maximum  about  five 
h'iurs  after  the  taking  of  fortd ;  it  remains  swollen  for  some  time,  aud  then 
rWurns  tn  its  normal  bulk.  In  certain  diseases^  such  as  the  pyrexia  atten- 
'lotit on  certain  fevers  t»r  inflammations,  and  more  esi>ecuilly  in  ague,asoo]e- 
^b*t  similar  tempf>rary  enlargement  takes  place.  In  [irolonged  ague  a  per- 
manent hypertrophy  of  the  spleen,  the  so  called  ague-cake,  occurs. 

The  turgeeceuce  of  the  spleen  seems  to  be  due  tj  a  relaxation  both  of  the 
^nitll  arteries  and  of  the  muttcular  tissueof  the  capsule  and  of  the  tral>eculie; 
***be,infact,a  vascular  diIal4ition  accompanied  by  a  local  inhibition  of  the  tonic 
^^Qtinction  of  the  other  plain  muscular  libres  entering  into  the  structure  of 
f"*ytgiin,  the  latter,  at  all  event.s  in  .«l^rne  animals,  being  probably  the  more 
nupTirtant  of  the  two.  And  the  condition  uf  the  spleen,  like  that  of  other 
^fv^ular  are«s,  api)earH  to  be  regulated  by  the  central  nervous  system,  the 
*^>);<?viive  turgescence  being  fairly  cornpnruble  to  the  flushed  condition  of  the 
I'^ncrpas  and  of  the  gastric  membrane  during  their  phases  of  activity. 
.  The  application  of  the  plethysmograph  method  to  the  spleen,  carried  out 
•n  tlie  way  which  we  described  in  speaking  *A'  the  kidney  (^  Jll),  enables  us 
^'•lody  more  exactly  the  variations  in  vulume  which  the  organ  undergoes. 

A  "spleen  rurve"  (Fig.  16J))  taken  in  the  same  way  as  a  "  kidney  curve" 
'^  Dot,  in  the  dog  at  all  events,  show  variations  in  the  volume  of  the  spleen 
f'^rrwponding  with  the  pulse  waves.  The  kidney  curve,  as  we  have  seen, 
^^•jll),  gives  clear  indications  of  each  heartbeat,  but  the  spleen  curve  shows, 
•*l>d(t  Uie  larger  waves  of  which  we  shall  speak  directly,  only  nndulaiiuos 

38 


694 


THK  METABOLIC  PROCESSES  OF  THE  BODY. 


due  to  the  re8])iratory  luovementa ;  and  these,  always  very  alight,  are  some- 
times  not  visible.  In  other  words,  the  spleen  does  not  expand  with  the 
increase  of  blood- pressure  occurring  in  the  splenic  arteries  after  each  heart- 
beat;  LliiB  may  be  doe  to  the  nuisetilar  coat  resisting  eJCpanai(»n.  M«»rBt>ver 
when  the  i^iipply  of  blood  to  the  spleen  is  wholly  and  suddenly  cut  ori^,  a*  by 
clamping  the  iiortii^  the  spleen  curve  sinks  very  slowly,  showing  that  the 
spleen  is  ilitninishing  in  volume  not  suddenly  hnt  very  slowly.  The  path- 
way of  the  blou<l  through  the  s|>lenic  reticulum  is  peculiar;  and  increase  or 
decrease  in  Uie  vuluuiti  of  the  t^pletu  meant?  more  or  less  blood  held  in  the 
spleen  pulp,  not  necessarily  a  greater  or  les?-  How  of  blood  through  the  organ. 
Of  sjiecial  interest  are  the  large  slow  variations  of  volume  which,  beeidee 
the  respiratory  undulations,  the  spleen  curve  usually  shows,  as  seen  in  the 
tigure.  Rhythmic  contractions  and  expansions,  though  not  always  preaeni, 
frequently  make  their  appearance,  each  contraction  with  its  fellow  expansion 
lasting  in  the  cat  and  dog  about  a  minute,  and  recurring  with  great  regu- 
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The  miirlcr  oit  the  time  curve  below  indicate  aecondfi. 

larity  for  a  long  time  ;  and  besides  these  the  volume  varies  widely  from  time 
to  time.  There  can  be  little  doubt  but  (hat  the  rhythmic  variations  in 
volume  are  due  in  thci^e  anituals  to  rhythmic  contractions,  with  intervening 
relaxations,  of  the  nnisculur  trabecuhe  and  capsule;  the  slower  variations 
are  also  probably  dim  lo  the  t*ame  cau&e.  In  many  animals  the  contractility 
of  the  splenic  tissue  is  t^hown  by  the  while  lines  of  constriction  which  ap[>ear 
when  the  electrodes  of  an  induction  machine  in  action  are  drawn  over  its  sur- 
face; and  similar  linet*  maybe  produced  by  mechanical  stimulation  with  the 
point  of  a  needle.  So  that  the  spleen  in  these  animals  may  be  considered  as 
a  muscular  organ,  now  exjtauding  to  receive  a  larger  quantity  of  blood  oud 
now  contracting  tn  drive  tbe  blood  on  to  the  liver.  When  the  muscular  ele- 
ments are  scanty  in  or  abiseut  from  the  capsule  and  trabeculu;,  the  expausioa 
and  contraction  of  the  whole  organ  must  depeml  alone  or  chiefly  on  varia- 
tions in  the  width  of  the  supplying  arteries.  We  have  evideuce.  moreover, 
that  the  muscular  activity  of  the  spleen,  whether  of  the  muscular  capsule  and 
trabecular  and  arteries  combined,  or  of  the  latter  alone,  is  under  the  ctomiaion 
of  the  nervous  system.  A  rapid  contraction  of  the  spleen  may  be  brought 
about  in  a  direct  manner  by  stimulan'on  of  the  splanchnic  or  vagus  nerves, 
or  in  a  reflex  uiaiiner  by  stimulation  of  the  central  end  of  a  sensory  nerve; 
it  may  also  be  caused  by  stimulation  of  the  medulla  oblongata  with  a  gal- 
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vanic  current  or  by  means  of  aaphyxia.  Though  the  matter  has  uot  yet  been 
fully  worked  out,  we  hiive  already  sufficiently  clear  irnlicaticms  that  the  flow 
of  bU)od  thrt>ugh  the  spleen  is,  through  the  agency  of  the  nervous  system, 
varied  to  meet  changing  needs.  At  one  time  a  small  ijuaulity  of  blood  is 
paastug  through  or  is  being  held  by  the  organ,  and  the  metabolic  changes 
which  it  undergoes  in  the  irutisit  are  cuni))arativoly  slight.  At  another  time 
a  larger  quantity  of  blood  enters  the  organ,  and  is  lei  loose, so  to  sfteak.  into 
the  spleuic  pulp,  there  to  undergo  more  profound  changes,  and  af^«rward  to 
be  ejected  by  the  rhythmic  contractions  of  the  muscular  trabecule. 

It  is  further  obvious  that  these  changes  going  oti  in  the  spleen  must  have 
an  important  influence  tm  the  changes  g<nug  on  in  the  liver;  it  cannot  be  of 
indifference  to  the  latter  organ,  whfjiher  a  relatively  Hmall  quantity  of  bloo<), 
relatively  little  changed,  reaches  it  from  the  spleen,  or  whether  it  receives  a 
relatively  Uirge  quantity  of  blou^i,  profoundly  altered  by  the  chauge.-i  which 
U  has  undergone  in  the  spleen-pulp. 

§  477.  Tht'  chtmicitl  conMiliwiite  of  (fie  spleen.  Besides  the  chetuical  bodies 
which  one  would  expect  to  find  in  a  vjiscuhir,  musfiiliir  organ  full  of  blowl, 
the  spleen  containa  bodies,  lodged  apparently  in  the  Hpleen-pulp,  which  give 
it  special  chemicjil  oharacterrf.  One  of  the  ruoHi  imj>(*rtant  of  these  is  a  Sf»ecial 
pruteid  of  the  nature  of  alkali-albumin,  holding  imn  tn  stitne  way  peculiarly 
Associated  with  it.  The  octnirrence  of  this  ferruginous  proteid.  accompanied 
Kfl  it  is  by  several  peculiar  but  at  present  little  understood  pigments,  rich  in 
carboui  which  are  partly  present  iu  the  cells  spoken  of  above  and  partly 
depueited  in  the  bninched  celU  of  Uie  reticulum,  t^jpeare  to  be  conuecte<l  with 
the  changes  undergone  by  the  hieraoglohin  which  we  shall  presently  discuss. 
The  inorganic  salts  of  the  spleen,  or  at  least  thr^se  of  its  ash,  are  remarkable 
for  the  large  amount  of  both  soiia  and  phonphatos,  and  the  small  amount  of 
potuh  and  chlorides  which  they  contaia.  thus  differing  from  those  of  blood 
corpuscles  on  the  one  hand,  and  from  those  of  hlood  aenira  on  the  other. 
But  ^>erhaps  the  most  striking  feature  of  the  spleen  pulp  is  its  richnesit  in  the 
so-called  extractives.  Of  these  the  most  common  and  plentiful  are  succinic, 
formic,  acetic,  butyric,  and  lactic  acids,  inosit,  leucin,  xunthin,  hypoxanlhin, 
and  uric  acid-  'I'yrosin  apparently  is  nut  present  in  the  perfectly  fresh  spleen, 
though  leucin  is;  both  are  found  when  decomposition  has  set  in.  The  con- 
stant presence  of  uric  acid  is  remarkable,  especially  since  it  has  been  found 
even  in  the  spleen  of  animals,  such  as  the  herbivora,  whose  urine  contains 
none. 

The  richness  of  the  spleen  in  these  extractives  is  an  iudication  of  the  im- 
portance of  the  metalHilic  evcntn  with  which  the  organ  ha^  to  do;  hut  it 
will  be  more  profitable  to  discuss  what  goes  on  in  the  i<pleen  iu  connection 
with  the  metabolic  changes  in  the  other  parts  of  the  bo<ly,  in  the  liver  for 
iudtauce,  than  to  attempt   to    lay  down  any  so-called  "  functions  "  of  the 

een.  When  we  confine  our  attention  to  the  spleen  itself  we  learn  very 
ttle;  thus  the  whole  organ  may  be  successfully  removed  without  any  very 
obvious  changes  in  the  economy  resulting.  We  may  return,  therefore,  to 
the  discussion  of  the  formation  of  the  bilirubin  of  bile,  and  of  the  changes 
undergone  by  haemoglobin,  with  which  as  we  shall  see  the  spleen  is  connected, 
and  which,  moreover,  has  to  do  with  the  formation  of  other  pigments. 


The  Formation  of  the  Constituentb  of  Bile. 


$478.  Bile  piomerUe,  Afler  extirpation  of  the  liver  no  accumulation  of 
bile  pigment  or  bile  sails  takes  place  in  the  blood.  This  is  well  shown  iu 
frogs,  which  survive  the  operation  for  some  considerable  time;  but  the  same 
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reeulta  have  been  obtained  in  birds  (gee&e  und  ducks).  There  can  be  do 
doubt,  therefi>re,  that  the&e  substances  are  formed  in  the  liver,  and  not  simply 
withdrawn  from  the  blood  by  tlie  liver  in  some  siicli  way  as  we  have  seeu 
reason  trt  think  urea  is  withdrawn  from  the  blood  by  the  kidney. 

When  the  plaama  of  circulating  blood  is  ntiade  to  contain  bicmoglobiu 
detached  from  the  corpuscles,  bile  pigment  frequently  makefl  its  ap|)earance 
in  the  urine.  The  presence  of  free  hfemoglobin  may  be  obtained  by  inject- 
ing into  the  veins  aaolution  of  hajmoglobiu  or  blood  made  "laky"  by  freez- 
ing and  thawing  or  by  the  addition  of  a  small  quantity  of  bile  salts,  or  by 
simply  injecting  into  the  veina  a  quantity  of  distilled  water  or  a  small 
quantity  of  ether  or  chloroform  or  of  bile  aalls,  all  of  which  tend  to  "  break 
up"  red  corpuscles  and  set  free  hieruoglobin.  A  simitar  leault  occure  in 
poisoning  by  certain  drugs,  such  as  toliiylendinmine.  Under  these  circum- 
stances not  only  does  bile  pigment,  bilirubin^  make  its  appearance  in  the 
urine,  but  the  quantity  of  bilirubin  secreted  by  the  liver  is  increased. 
Obviuusly  the  presence  of  dissolved  hiemoglubiu  in  the  plasma  of  the  blood, 
and,  presumably  more  especially  of  the  blood  reaching  the  liver  by  the 
pt^rtal  vein,  leads  to  an  increased  formation  of  bilirubin,  which  takes  place 
in  such  a  manner  that  the  whole  of  the  bilirubin  so  formed  does  not  paa3 
into  the  bile  but  part  is  retained  in  or  thrown  back  into  the  circulation  and 
ai>pfani  in  the  urine. 

We  have  already  mentioned  the  chemical  connection  between  hsemoglobin 
and  bilirubin.  Hiemoglobin,  after  the  detachment  of  its  proteid  component 
bec(uncs  ha>matin  (C^^H^N^FeOj).  By  treatment  with  sulphuric  acid  or 
(ttlierwise  (§  -^^i^),  hicmatin  may  be  deprived  of  its  ir>:»u ;  and  this  iron-free 
hieiimtiu  iHoiuetimcH  called  ha^rnutoporphyrin)  fs  said  to  have  the  uoiupoei- 
liou  C,jH„N,0.,  differing  from  bilirubin  ouly  in  its  oxygen  and  hydrogen 
(C„H,„N,b^-f-2Hp— 0=C„H^N,0,).'  Moreover,  in  old  blood  clota  iu  the 
bofly  the  hiemoglobin  of  the  clot  becomes  in  time  transformed  into  iin  iron- 
free  body  which  htis  been  called  hiematoidin.  but  which  both  in  composition 
and  reactions  appears  to  be  identical  with  bilirubin. 

These  several  facts  lead  us  to  the  concluiiion  that  the  bilirubin  of  the  bile 
is  simply  some  of  the  hmnioglubiu  of  the  blood  transformed  by  the  throw- 
ing on  of  its  proteid  and  its  inm  components.  It  is  natural  to  suppf)se  that 
the  transformation  takes  place  in,  and  isettected  by,  the  agency  of  the  hepatic 
cells;  and  Lbis  view  is  sup])orted  by  the  fact  that  the  hepatic  cells  are  charac- 
terized by  containing  certain  peculiar  iron  compounds.  When  all  the  blood 
is  carefully  washed  out  of  the  liver  by  injection  through  the  bloodvessels, 
by  whicli  means  the  remaining  bileisgcft  rid  of  at  iheanme  time,  the  hepatic 
substance  is  found  to  contain  a  ."tmall  quantity  of  iron,  suHicient  to  give  the 
oells  a  diflused  dark  color  when  treated  with  iimmonium  sulphide;  the 
exact  amount  appeai-s  to  vary  largely,  but  the  ciiuses  of  the  variation  have 
not  been  determined.  That  this  iron  is  in  organic  combination  is  indicated 
by  the  fact  that  with  potassium  fcrrocyanidc  and  sulphocyauide  the  blue  or 
red  action  is  not  observed  until  after  treatment  with  hydrochloric  acid. 
Apparently  there  are  several  such  compounds,  of  a  jtroteid  or  of  a  nuclein 
(§  29)  nature,  from  some  of  which  the  iron  is  more  easily  removed  than 
others,  and  these  compounds  appear  to  be  present  in  both  the  cell  subfltance 
and  the  nucleus.  It  will  be  remembered  (??  244)  that  bile  contains  a  dis- 
tinct quantity  of  iron,  which  probably  has  ita  origin  in  the  iron  thus  set  free 
from  hreinoglobiu  and  retained  in  the  hepatic  cell ;  but  it  does  not  follow 
that  al!  the  iron  thus  set  free  makes  its  way  into  the  bile;  and,  indeed,  the 
quantity  of  iron  discharged  in  the  bile  in  twenty  four  hours  is  much  antaller^ 

*  Itoubling  Uie  Cbrtnula  iw  bllirubtn  giren  in  i  Sin. 


THK    FORMATION    OK    THK    CON3TITUBNT8    OF    BILE,      597 


I 


thau  the  quantity  calculated  tn  lie  set  free  in  the  formation  out  of  haemo- 
globin of  the  quantity  of  bilirubin  diacharge<lfluring  the  same  period.  Ap- 
parently the  iron  eompouiuis  of  the  hepatic  c*ll  have  acme  other  work  than 
the  simple  discharge  of  iron  into  the  bile. 

The  fact  mentioned  above,  that  the  presence  of  fre«  hfemoglobin  iti  the 
blood  leads  not  only  to  an  increase  of  bilirohin  in  the  Utie,  but  also  to  its 
presence  in  the  urine,  offers  some  difficulties;  for  if  the  bilirubin  be  formed 
out  of  hBemoglobin  by  and  in  the  hepatic  cell,  one  would  expect  to  find  that 
the  whole  of  it  passed  into  the  bile,  and  that  it  could  not  appear  in  the 
blood  Bnd  80  in  tne  urine  unless  reaf>sorption  from  the  bile  passages,  due  to 
obstruction,  took  place;  and  there  ia  no  evidence  of  any  sutticient  obstruc- 
tion occurring  in  these  cases.  Indeed  the  presence  of  l)iiirubin  in  the  urine 
iu  these  cases  has  been  urged  by  some  as  an  argument  that  bilirubin  is 
formed  in  the  blood  or  at  least  elsewhere  than  in  the  liver  and  is  simply 
excreted  by  the  liver.  Not  only,  however,  as  stated  above,  is  there  no  ac* 
cumulation  of  bile  in  the  blood  after  extirpation  of  the  liver,  but  that  oper- 
ation prevents  the  appearance  of  bilirubin  in  the  urine  as  a  conset]uence  of 
the  presence  of  free  htemoglobin  in  the  blood.  The  phenomena  in  question, 
therefore,  do  not  disprove  that  the  biliniiiin  is  formed  in  "the  liver;  they 
raay  be  taken,  however,  to  show  that  that  formation,  viewed  as  a  secretory 
act,  is  peculiar,  since  the  hepatic  cell  apjieani  under  certain  circumstances  to 
discharge  its  product  of  secretion  into  the  blood  or  lymph  as  well  as  into  the 

S  479.  We  may  assume  then  that  the  hepatic  cell  has  the  power  of  split- 
ting up  the  hiemoglobin  brought  to  it,  and  of  discharging  part  as  bilirubin 
while  it  retains  ilir  a  time  the  iron  component  in  sJime  organic  combination; 
and,  if  we  further  assume  that  it  works  upon  the  entire  hiemoglobin  we  may 
presume  that  it  makes  some  subsequent  use  of  the  proteid  component.  But 
are  we  justified  in  assuming  that  the  whole  work  is  done  by  the  hepatic 
cells?  Are  we  to  conclude  that  bilirubin  is  manufactured  by  some  act  ot 
the  hepatic  cells  which  includes  not  only  the  ctmversiim  of  hscmoglobin  into 
bilirubin,  but  also  the  extraction  of  the  hiemoglobin  from  the  red  corpus- 
cles as  these  are  streaming  slowly  through  the  lobular  hepatic  capillaries  in 
close  contact  with  the  hepatic  cells?  Now,  as  far  as  we  know  at  present, 
hfismoglobin  can  only  be  set  free  by  means  of  a  disintegration  of  the  corpus- 
cles; we  have  no  instaneea  of  a  corpuscle  parting  with  some  of  its  hffimo- 
flobin  and  proceeding  ou  its  way  otherwise  unchanged  ;  and  we  have  no 
istologicAl  evidence  of  any  disintegration  of  red  corpuscles  in  the  liver  cor- 
respomling  to  the  formation  of  bile.  Nor  can  we  draw  any  conclusion  from 
the  result  of  a  comparative  enumeration  of  red  ciirpuscles  in  the  portal  and 
hepatic  blood,  for  these  are  Um  insecure  to  rest  any  conclusion  upon.  Ou 
the  other  hand,  as  we  have  just  seen,  the  presence  in  the  plasma  of  the  blood 
of  hemoglobin  in  a  free  condition  h  ptuuliarly  potent  in  exciting  the  forma- 
tion of  bilirubin.  The  evidence,  theretore,  is  very  strong  for  the  view  that, 
aa  far  as  the  formation  of  the  greater  part  at  least  of  the  bilirubin  is  con- 
cerned, the  action  of  the  hepatic  cell  in  limited  to  converting  into  hilirubia 
the  free  hiemoglobin  offered  to  it  by  the  portal  bhwd. 

By  what  means,  under  uornuil  conditions,  is  the  presence  of  that  free 
hseraoglobin  secured?  We  have  i^een  reason  (§  475)  to  conclude  from  histo- 
logical appearances  that  a  certain  number  of  red  corpuscles  undergo  change 
in  the  spleai-pulp ;  and  it  seems  natural  to  infer  thrtt  one  duty  of  the  spleen 
b  to  set  free  haemoglobin  from  the  corpuscles  and  thus,  through  the  splenic 
veins  and  so  the  portal  vein,  to  supply  the  liver  with  material  for  bilirubin. 
But  this  cannot  be  the  only  source,  since  the  secretion  of  bile  continues 
alter  extirpation  of  the  spleen.     There  must,  therefore,  be  other  regions  of 
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the  boily  in  which  a  similar  change  of  red  corpuscles  is  goiug  on  ;  it  lia* 
heeo  siiggestfid  that  the  red  marrow  of  hones  is  one  of  these;  but  further 
information  on  these  points  is  needed. 

A^uiiiing  thiit  under  normal  circumstauocs  the  chief  supply  uf  material 
for  the  tiiauufacture  of  bilirubio  cornea  from  the  spleen,  the  question  arises. 
Does  that  material  leave  the  spleen  in  the  form  of  hiemoglobin,  or  does  ibe 
spleen  still  further  nssisl  in  the  mnttt^r,  byeifeeting  some  preliminary  change 
in  the  hremoglobin,  by  converting  it  for  instance  into  a  proteid-lesa  hiematin- 
like  body?  And  the  same  question  may  be  also  applied  to  the  other  tissues 
which  may  similarly  provide  material.  Our  knowleidge  is  at  present  insuffi- 
cient to  furnish  a  satisfactory  answer  to  such  u  i^ueiFtiou. 

We  may  then  go  so  far  as  to  say  that  the  bilirubin  of  the  bile  is  derived 
from  the  hienioglobin  of  the  blood,  and  that  the  later  stages  of  the  trans- 
furmattou,  inclmling  the  discharge  of  the  iron  of  the  hietnatin  w>mponent, 
take  place  in  and  by  means  of  the  hepatic  cell ;  but  much  beyond  this  is  at 
present  uncertain.  It  must  be  remembered  too  that,  though  after  extirpation 
of  the  liver  no  accumulation  of  bilirubin  takes  place,  showing  that  the 
bilirubin  is  formed  by  the  liver  and  not  elsewhere,  yet  the  whole  change 
from  red  corpuscle  to  bilirubin  may  occasionally  take  place  quite  apart  from 
the  liver,  as  shown  by  the  presence  of  hiematoidin  in  old  blood-clots. 

§  480.  Tfie  fonnation  vf  (he  bi(e-ac.id«.  About  tins  we  know  still  leas. 
Taking  glycocholic  and  taiirocholic  acids  as  the  typical  bile-acids,  recognizing 
(§  246)  that  these  arise  from  the  union  of  cholalic  acid  with  glycin  and  taurin 
respectively,  and  remembering  that  taurin  is  found  in  several  tissuea,  and 
that  glycin  (see  §  420)  though  not  an  actual  constituent  of  any  of  the  tissues 
must  certainly  arise  lu  tissue  metabolism,  we  may  conclude  that  the  chief 
work  in  this  respect  of  the  hepatic  cell  is  to  provide  cholalic  acid,  and  to 
effect  the  combination  with  giyc'in  and  tmirin,  lliongli  piwfsibly  some  amount 
of  either  one  or  the  other  of  these  bodies  may  be  furnished  by  the  hepatic 
substance  itself.  Aa  to  how  cholalic  acid  arises  out  of  the  metabolism  of  the 
hepatic  cell,  we  know  no  more  than  we  do  about  the  formation  of  kreutin  in 
muscle  or  of  pepsin  in  a  gastric  cell.  We  are  equalSy  ignorant  about  the 
origin  of  glycin  and  taurin,  and  cannot  explain  why  in  one  animal  glyco- 
cholic, and  in  another  taiiroi-bolic  acid  is  ]»rominent  in  the  bile,  though  the 
two  bodies,  us  shown  especially  by  the  presence  of  sulphur  tn  the  taurin,  are 
widely  different.  It  has  been  observed  that  the  presence  of  bile  in  the  inies- 
tine  seems  to  excite  the  liver  to  increased  biliary  action  ;  since  the  bile-acids 
are  rapidly  changed  in  the  intestine  and  the  cholalic  acid  speedily  altered,  it 
seems  probable  that  the  increased  biliary  activity  is  due  to  the  absorption  uf 
the  glycin  and  taurin  respectively.  From  which  we  may  conclude  that  the 
presence  of  these  bodies  stirs  up  the  hepatic  cell  to  an  increased  formation  of 
cholalic  acid. 

^  481.  Aa  a  general  rule  the  formation  of  bile-acids  runs  parallel  with  the 
fonnation  of  bile  pigment,  an  Increase  or  decrease  of  bile  meaning  an  in- 
crease or  decrease  of  both  constituents.  But  there  are  some  fauts  which  seem 
to  show  that  the  two  actions  may  l>e  dissociated.  The  condition  or  symptom 
known  as  '* jaundice"  is  essentially  an  excess  of  bilirubin  in  the  bloiM, 
whereby  the  tissues  such  as  the  Mu,  and  the  fluids  such  as  the  urine  are 
colored  with  the  yellow  pigment.  In  most  of  the  maladies  of  which  jaundice 
is  a  svmptom,  there  is  evidence  of  an  obstruction  to  the  flow  of  bile  through 
the  bile  passages  ;  and  the  presence  of  bile  in  the  blood,  and  hence  iu  the 
tissues  at  large,  is  in  such  cased  due  to  the  fact  that  the  bile  atler  secretion 
by  the  hepatic  celb  is  reabsorbed  from  the  bile-ducts  (see  §  257). 

But  in  certain  cases  where  jaundice  is  a  prominent  symptom,  no  evidence 
of  any  obstruction  whatever  to  the  flow  of  bile  can  be  obtained.     This  is  the 
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ID  the  jaundice  of  yellovv  fever  and  of  a  peculiar  allied  malady  known 
Es  "acute  yellow  atrophy  of  the  liver."  Now  in  theee  cases  there  is  no  evi- 
dence of  an  accumulation  in  the  blood  or  elsewhere  ^f  bile-acids  as  there  is 
of  bile  pigment.  And  in  the  obscure  malady  known  as  simple  or  idiopathic 
isundicCfin  which  though  the  anatomical  conditions  are  unknown  there  ia  at 
least  no  sign  of  obstruction,  the  urine  though  loaded  with- bile  pigment  ia 
said  to  contain  no  hile-acids. 

It  has  been  8upp(:>9ed  that  these  cases  atibrd  proof  that  the  bile  may  be 
formed  elsewhere  than  in  the  liver.  In  face,  however,  of  the  arguments 
brou|^ht  forward  in  the  preceding  paragraphs,  they  cannot  be  accepted  as 
proof  that  the  normal  formation  of  bilirubin  is  »o  carried  on;  nor  is  there 
any  evidence  to  show  that  in  these  cases  bilirubin  is  formed  on  a  plan  wholly 
different  from  the  normal.  And  a  different  explanatioti  seems  [lossible.  We 
Djuy  suppose  that  in  these  ca^e;^  the  metabolic  activity  of  the  hepatic  cells  is 
mrxlified.  and,  further,  so  modified  as  while  atfectinp;  largely  the  formation  of 
biie  salts  and  other  functions  of  the  hepatic  cells,  only  partially  to  affect  the 
formation  and  discharge  of  bilirubin,  to  affect  iiideed  its  discharge  rather 
than  its  formation.  That  in  acute  yellow  atrophy  the  functions  of  the  cells 
are  greatly  affected  is  not  only  indicated  by  portl-morlem  histological  appear- 
ances, but  is  also  shown,  as  we  shall  presenth*  have  occa.^ion  to  point  out,  by 
the  substitution  of  leucin  and  tyrosiu  for  urea  in  the  urine.  We  have 
already  commented  on  the  fact,  that  there  is  something  peculiar  in  the  action 
of  the  hepatic  cell  in  secreting  bilirubin  inasmuch  as  the  bilirubin  so  formed 
may,  under  certain  circumstances,  in  part  pass  from  the  cell  itself  into  the 
blood  instead  of  into  the  bile  passages.  And  we  may  perhaps  explain  the 
jaundice  of  the  disease  under  discussion  by  supposing  that  the  morbid 
cbangee  of  the  hepatic  cells,  while  arresting  the  more  difficult  metabolic 
labors  of  the  cells,  such  as  the  formation  of  bile-acids,  do  not  piit  an  er>H  to 
the  lighter  task  of  turning  haemoglobin  into  bilirubin^  though  ao  affecting  that 
proceBB  also  that  the  bilirubin  passes  into  the  blood  instead  of  into  the  bile 
pasMseA.  In  other  words  the  formation  of  bilirubin  is  an  act  independent  of 
aud  uiffercnt  from  the  more  ordinary  secretory  activity  of  the  cells, 

i  482.  The  question  may  be  asked,  Is  the  secretion  of  bile  independent  of, 
or  in  Bome  way  or  other  connected  with  the  glycogenic  activity  of  the  celle? 
To  this  we  cannot  at  present  give  a  definite  answer.  In  some  of  the  inver- 
tebrata  the  cells  in  "the  organ,  called  a  liver,  which  manufacture  glycogen, 
■re  distinct  fram  those  which  secrete  bile  or  other  digestive  juices;  and  it 
might  be  inferred  that  in  the  vertebral*  the  two  actions  though  taking  place, 
■&  ihey  certainly  do.  in  the  same  cell,  take  place  apart  and  distinct.  There  are 
faot«  which  seem  to  indicate  that  the  two  are  intimately  connected  ;  but  we 
have  as  yet  no  exact  knowledge  concerning  the  matter.  It  haa  been  urged 
that  the  jwrtal  blood  is  chietly  concerned  with  the  fortuation  of  glycogen, 
and  the  blood  of  the  hepatic  artery  with  the  secretion  of  bile;  but  there  is 
no  adequate  supix^rt  of  this  view.  It  must  be  remembered  moreover  that, 
in  addition  to  the  formation  of  glycogen  and  the  secretion  of  bile,  other 
metabolic  events,  especially  affecting  proteid  or  at  least  nitrogenous  con- 
fftituenta  nf  the  body,  are  also  taking  place;  and  to  these  we  must  now  turn. 
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is  483.  We  have  seen  that  nitrogenous  proteid  material  in  some  form  or 
other  enters  into  the  composition  of  all  the  tissues  of  the  body,  and  we  have 
further  seen  that  it  is  »o  connpicuously  and  constantly  present  wherever 
living  substances  are  manifesting  vital  energies  ns  U*  justify  the  conclusion 
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thrtt  the  changes  which  it  undergoes  are  in  some  way  eseeutial  to  the  niani- 
testation  of  those  energies.  We  have  seen,  it  is  true,  reason  to  think  that  in 
some  tissues  at  least,  in  muscle  for  instance,  a  large  part  of  the  energy  wt 
frte<iurii]g  activity  preexisted  as  latent  energy  nnd  had  its  immediate  source 
ntit  in  proteid  ^niirogenoua)  but  in  some  other  constituents  of  muscle;  and 
iudeed,  as  we  sliall  see  later  un,  the  greater  part  oi"  the  whole  energy  of  the 
body  must  be  regiirded  as  the  energy  of  carbon  cfmiponnds  and  not  of 
nitrogen  conipoumU;  but  this  is  quite  consistent  with  the  view  that  pi*oteid 
material  in  some  way  or  other  e^'^eutially  intervenes  in,  we  may  perha|]6  gu 
so  far  as  to  say  directs,  the  changes  by  which  in  the  body  energy  is  set  free 
in  the  peculiar  way  which  we  speak  of  ae  living. 

We  have  seen  that  at  all  events  the  greater  part  of  the  proteid  material  of 
the  foofi  enters  the  blood  as  proteid  material  either  as  peptone  or  in  some 
other  form,  and  is  carried  as  pn>teid  material  to  the  tissues. 

We  have  seen  that  the  nitrogen  of  proteid  material  leaves  the  bo<ly  so 
largely  in  the  form  of  urea,  that  the  other  nitrogenous  excretions  may  for 
the  time  be  left  out  of  consideration. 

.\nd  lastly  we  have  seen  reason  to  think  that  this  urea  which  leaves  the 
bndy  in  urine  is  brought  to  the  kidney  as  iirea  in  the  hhtod,  the  kidneys 
themselves  apparently  having  no  sijccial  power  of  forming  urea  out  of  sorae- 
thiiig  which  is  not  urea,  but  only  contributing  to  the  general  stock  of  urea 
by  virtue  of  their  own  proteid  metabolinnL  We  have  now  to  study  the 
little  we  know  concerning  the  steps,  by  which  the  proteid  material  of  the  fo(M 
and  of  the  body  is  ctrnverted  into  this  urea  of  the  blood,  which  ia  the  source 
of  the  urea  of  the  unue. 

§  484.  In  ihe  tirst  place  we  niay  take  it  for  grauled  that  the  urea  carried 
to  the  kidney  in  the  blond  had  an  luiiecedent  in  something  which  was  not 
urea.  We  can  hardly  euppiise  that  the  proteid  constituent  of  living  sub- 
stance^ when  in  the  course  of  its  metabolism  it  ceases  to  be  proteid,  breaks 
up  at  once  into  urea  and  into  non-nitrogenous  bodies.  All  we  have  learnt 
goes  to  i^how  that  what  we  ctdl  metaboliiim  is  not  a  single  abrupt  change, 
but  consisfs  ee?entinlly  in  a  faeries  uf  changes;  and  we  may  safely  conclude 
that  proteid  nmlerial  in  becoming  urea  passes  through  [fhases  in  which  (he 
nitrogen  exists  in  chemical  combination.s  dit^tiuct  frntii  proteid  material  on 
the  one  hand,  and  urea  on  the  other. 

In  the  second  place  it  ia  extremely  probable  that  the  series  of  changes  by 
which  proteid  niateri»l  becomes  urea  ia  not  the  snnie  in  all  the  tissues  and  on 
all  occasions.  We  should  naturally  expect  to  find  the  proteid  material  fol- 
lowing diflerent  liney  oT  nietaboHBru  in  different  places  or  under  different  cir- 
cumstances, the  diflerent  lines  all  converging  to  the  same  body,  urea,  because 
for  some  reoaons  ift  other  urea  appears  to  be.  in  the  main,  the  most  conve- 
nient form  in  which  the  nitrogen  can  leave  the  blood  and  the  body. 

We  should  accordingly  expect  to  find,  on  the  one  hand,  various  nitroge- 
nous bodies  resulting  from  proteid  metabolism  in  various  parts  of  the  body, 
and,  on  the  other  hauil,  arrangements  by  means  of  which  these  various  bodies 
were  reduced  to  tiie  common  form  urea,  [ireparatory  to  their  discharge  from 
the  body  by  the  kidney.  An  iictuai  observation  as  far  as  it  goes  supports 
this  view,  though  our  knowledge  of  the  whole  matter  is  very  imperfect. 

Sj  485.  We  may  turn  our  attention  first  to  the  metabolism  of  the  skeletal 
muscles,  since  these  represent,  as  fnr  as  mere  auantity  is  concerned,  by  far 
the  greater  part  tff  the  proteid  ciipilal  of  the  body.  We  may  safely  infer 
that  they  furnish  a  large  part  of  the  urea  of  the  urine;  though  undoubtedly  a-^ 
small  mass  of  tissue  might  by  reason  of  its  more  rapid  metabolism  work  ovet 
a  greater  (juantity  of  proteid  nmlerial  than  a  much  larger  mass  with  a  slower 
metabolism;  yet  we  have  no  reason  to  think  that  the  proteid  metabolism  otf 
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«ke!et»l  muscle,  ob:*cure  though  it  ia  in  iu  nature,  is  »o  slow  as  to  neutralize 
the  probable  effect  of  the  great  bulk  of  muscle  exi8ting  in  the  body. 

In  dealing  with  the  chemistry  of  muscle  (§  H2)  we  saw  that  urea,  save  in 
the  exceptional  instances  of  certain  cartilaginous  fishes,  was  conspicuous  by 
iu  absence  from  the  extract  of  muscle,  whereas  a  very  appreciable  quautity 
of  kreatin  was  invariably  present,  and,  indeed,  was  the  prominent  nitroge- 
Duua  crystalline  constituent  of  that  extract.     It  seems  dimcuU  to  resist  tne 
i-onoiusion  that  kreatin  is  the  main  normal  nitrogenous  product  of  the  meta- 
bolinn  of  skeletal  muscles.     If  we  accept  this  view,  then,  upon  the  fact  of 
the  presence  of  kreatin  in,  und  the  absence  of  urea  from,  the  muscle  itself, 
ire  may  base  the  cfjnclu^ion  that  while  the  muscle  produces  kreatin  as  an 
■Btecedent  of  urea,  th<:^, kreatin  so  produced  ia  converted  into  urea  In  some 
put  of  the  body  other  thau  the  muscle  itself.     Kreatin  as  we  have  already 
wen  may  be  easily  split  up,  and  we  may  probably  with  safety  assume  is  split 
wp  somewhere  in  the  body,  into  urea  and  sarcof'in.     Hut  j^arcosin  does  not 
appear  in  the  urine  as  such ;  hence  the  conversion  of  kreatin  into  (part  of) 
tMurea  of  the  uriue  entails  as  well  the  further  conversion  of  sarcoein  into 
urea.     Now  sarcoain  as  we  have  seen  is  methyl-glycin ;  we  may  regard  it  for 
flur  present  purpr.ses  as  simple  glycin,  and   hence  the  total  conversion  of 
kreatin  into  urea  entails  the  conversion  of  glycin  into  urea.     This,  however, 
docs  not  off*er  any  additional  difficulty,  since  we  know  from  direct  observa- 
tion that  glycin  introduced  into  the  alimentary  cAual  does  not  reap[>ear  as 
•uch  in  the  urine  but  pnxiufea  a  corresponding  increase  in  the  urea  of  the 
nriae;  from  which  we  infer  that  glycin  absorbed  from  the  alimentary  cnnal 
■••omewhere  in  the  l>otly  converted  into  urea.     We  shall  speak  of  this  con- 
veiBion  later  on,  and  shall  then  see  that,  as  far  us  urea  is  concerned,  glycin 
(amido-acetic  acid)  and  aarcoein  (melhyl-glycin,  methyl-amido-acetic  acid) 
undergo  the  same  change,  the  amide  moiety  in  each  case  being  converled 
""to  urea,  while   the   mm-nitnigenous   moiety  is  t>xidized  and  thrown  off. 
Meanwhile  we  may  stale    the    conclusion  at  which  we  have  provisionally 
■frived,  namely,  that  the  nitrogenous  meiabolism  of  muscle  probably  gives 
"■e  to  kreatin,  which  in  some  purt  of  the  body  other  than  muscle  is  pmba- 
"ly  split  up  into  urea,  ready  for  excretion,  and  into  sarcosin  which  aUo, 
•*>ttiewhere  in  the  body,  is  further  converted  into  urea.     And  l)earing  in  mind 
the  large  mass  of  the  skeletal  muscles,  we  may  further  conclude  that  a  large 
P<^rtit»n  of  the  urea  leaving  the  b<Miy  by  the  urine  is  formed  in  this  way. 

I486.  We  must  not.  however,  leave  this  statement  without  referring  to  a 

^ftculty.     Kreatinin  as  we  have  seen  is  so  frequently  found   in  urine  as  to 

r^  regarded  as  a  normal  constituent,  at  all  events  of  human  urine;   and 

*r^tinin  ia  as  we  have  seen  the  urinary  form  so  to  speak  of  kreatin ;  the  one 

^**iy  easily  changes  into  the  other  by  the  assumption  or  removal  of  H,0. 

'^^>ft  suggests  the  question,  Is  not  the  kreatinin  of  urine  the  representative  of 

H"*  kreatin  of  the  muacles,  which  is  thus  excreted  directly  without  undergo- 

'JK  the  change  into  urea  just  discussed?     In  answer  to  this  we  may  say  in 

^  fint  place  that  the  quantity  of  kreatinin  in  the  urine,  though  variable  is 

*"**»11;  we  may  put  the  average  at  abnut  1  grm.  in  twenty-four  hours.     Now 

J*^**»cle  contains  from  0.2  to  0.4  per  cent,  of  kreatin  ;  and  this,  taking  the 

***•!  muBcle  of  the  body  (to  i-ay  nothing  of  other  sources  of  kreatin  which 

!**  shall   mention   presently)  at  about  30  kilos,  would  give  00  to  120  grms, 

J^^^utiu  as  pre^nt  in  the  muscles  of  the  bodv  at  any  one  moment.     We  can 

**«tlly  sup|)08e  that  the  metabolism  of  muscfe  is  so  slow  as  out  of  this  stock 

*^^ly  to  provide  the  1  grm.  of  kreatinin  in  twenty-four  hours.     Moreover, 

^fe  kreatin  in  urine  vanishes  during  starvation,  is  very  markedly  increased 

^y  a  diet  of  Heeh  which  contains  kreatin,  and  is  not  increased  either  by  mus- 

^W    exercise  (which,  however,  would  only  indirectly  aflect   nitrogenous 
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metabolism  of  muscle)  or  by  stich  conditions,  fever  for  instance,  as  notably 
increai*e  the  urea  of  urine  by  increasing  the  nitrogenous  metabolism  i»f  mus- 
cle. We  infer,  therefore,  that  the  normal  presence  of  kreatinin  iu  urine  is 
dne  to  the  direut  aiJiniiiistratiun  of  kreatiu  jircseut  in  a  (normal)  ileeh  diet 
and  has  nothing  to  do  with  the  muscular  metabolism  of  the  individual  who 
is  secreting-  the  kreatinin  in  his  urine. 

The  fact,  however,  that  the  kreatin  present  in  the  muaele  of  the  food  and 
absorbed  from  the  alimcatary  caoal  does  not  undergo  a  change  into  urea  but 
is  excreted  as  kreatiniu,  that  is,  virtually  hh  kreatin,  warns  us  to  be  careful 
in  adopting  the  conclusion  arrived'  at  abuve  that  the  kreatin  produced  by 
muscular  metabolistu  in  the  living  budy  is  a  conspicuous  antecedent  of  the 
urea  of  the  urine.  It  is  difficult  to  see  why  kreatin. passing  into  the  blood 
of  the  capillaries  of  the  muscle  should  be  changed  into  urea  while  that  which 
pa88et^  into  the  capillaries  of  the  portal  system  is  not;  for  reasons  which  will 
l>e  apparent  presently  we  should  rather  expect  that  the  latter  being  more 
directly  exposed  to  the  influence  of  the  liver  would  be  more  readily  and  more 
completely  converted  than  the  former.  Indeed,  the  (piesiion  forces  itself 
upon  ua.  Is  kreatin  afler  all  the  natural  main  product  of  the  nitrogenous 
metaboliftm  of  miiBcle':'  Is  it  possible  that  in  the  normal  metabolism  of  the 
living  muscle  the  nitrogen  leaves  the,  muscular  substance  and  passes  into  the 
bloo<l  in  another  form,  us  some  substauce  nut  kreatin,  anil  that  it  is  as  the 
muscle  die^4  that  kreatin  is  formed,  just  as  the  solid  myosin  is  unknown  to 
living  tibre  but  makes  its  appearance  in  a  dying  one?  We  have  no  jK>^tive 
evidence,  however,  that  this  is  ao,  and  meanwhile  may  continue  to  suppose 
that  kreatin  is  formed,  aud  that  iu  consequence  kreatin  is  a  conspicuous 
antecedent  of  ureA  of  the  urine;  but  we  must  not  regard  this  as  proved. 

^  487.  Our  knowledge  of  the  metabolism  of  the  nervous  tissues  is,  a&  we 
have  eeen,  very  im]>erfect  (§  72).  but  the  presence  of  kreatin  iu  the  central 
nervous  system  leads  us  to  infer  that  the  nitri>genons  metabolism  of  the  living 
substance  of  nerve  cells  aud  of  the  axis-cylinder  of  nerve-fihrea,  is  in  it» 
broad  features  identical  with  that  of  muscle  substance.     The  mass,  however,, 
of  the  nerve  cells  and  axis-cylinders  of  the  body,  all  put  together,  is  smalL 
compared  with  the  mass  of  skeletal  muscle  ;  moreover,  the  energy  set  free  by 
the  metabolism  of  a  mass  of  nervous  matter  though  "higher"  in  iiuality 
less  in  quantity  than  that  set  free  by  the  metabolism  of  an  equal  raafs  o 
muscle,  or  in  other  words  its  metabolism  is  less  rapid.     Hence  we  may  proba  — 
blv  consider  the  metabolism  of  the  nervous  system  as  a  mere  addition  i*. 
that  of  the  muscular  system,  at  least  as  regards  the  point  dn  which  we  ar^ 
now  dwelling.     The  amount  of  nitrogenous  metabolism  taking  place  in  cor^- 
oective  tissue,  cartilage,  bone,  and  the  skin  is  probably  still  les8»  and  for  oAfl 
.present  purposes  needs  no  special  discussion. 

§  488.  The  nitrogenous  metabolism  of  the  glands,  however,  more  particu- 
larly that  of  the  liver,  does  deserve  special  consideration  ;  and  we  mar  a.C 
once  turn  to  a  quite  different  aspect  of  the  question  in  hand. 

When  the  rate  of  discharge  of  urea  from  the  body  is  observed  during    a 
period  of  some  length,  especially  under  varied  circumstances,  the  direct  effect 
of  nitrogenous  f<iod  becomes  most  striking.     We  have  already  said,  and  *haJi 
again  return  to  the  point,  that  muscular  contraction  does  not  directly  increase 
the  output  of  urea;  the  discharge  of  urea  for  instance  is  not  necessarily  in- 
creased by  even  great  bodily  labor.     The  introduction,  however,  of  even  a 
small  quantity  of  proteid  material  into  the  alimentary  canal  at  onoe  increase 
the  urea  of  the  urine;  and  in  the  curve  of  the  discharge  of  urea  in  the 
twenty-four  hours  each  meal  is  followed  by  a  conspicuous  rise.     The  nbe^p- 
tion  of  proteid  material  from  the  alimentary  canal  is  followed  by  an  imioe- 
diate  proportionate  increase  in  the  quantity  of  urea  which  is  secreted  brlfae 
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kidney*,  and  that  as  we  have  seen  means  an  increase  in  the  urea  bmnght  to 
the  kidney  by  the  renal  artery.     What  h  the  origin  of  this  additional  urea? 

Two  views  present  themselves.  Ou  the  one  hand  sinoe  »ome  portion  of 
the  proteid  material  of  every  meal,  at  all  evenu  of  every  neoeaaary  meal, 
guta  lu  repair  the  proteid  waute  continually  going  on  in  the  parte  of  the  body 
when*  proteid  inetaboliam  is  takinjj  place,  we  may  suppose  that  the  presence 
of  ui  extra  quantity  of  proteid  material  thrown  upon  the  blood  from  the 
food  acts  VLi*  a  fltiniulua  to  the  tissues,  to  the  muscles  for  instance  as  well  as 
oihen,  stirs  them  up  to  increased  nitrogenous  metabotism  and  thus  produces 
&o  UJcJeaae  of  energy,  chiefly  if  not  exclusively  in  the  form  of  heat,  accom- 
pAtiied  by  an  increase  of  the  antecedents  of  urea  and  so  of  urea.  In  other 
wonls  the  increase  of  urea  in  (jupstion  is  the  result  of  an  increase  in  the 
general  nitrogenous  metabolism  of  the  body. 

On  the  other  hand  we  may  suppose  that  in  ofder  to  prevent  the  whole 
bwly  hexng  encumbere<l  with  it,  this  excess  of  proteid  food  material  is,  in 
•ome  special  part  of  the  bfxly,  split  up  into  a  nitrogenous  and  a  non-nitro- 
g:aious  moiety,  and  that,  while  the  latter  is  8tore<l  up  as  fat  or  glyco|i^n,  the 
lormer  is  at  once  converted  into  urea  and  got  rid  of.  We  have  already 
(S  249)  seen  that  a  step  in  this  direction  may  take  place  while  the  food  is  as 
yet  iu  the  alimentary  canal ;  we  have  seen  tliat  pancreatic  juice  may  carry 
part  of  the  proteida  on  which  it  acts  beyond  the  stage  of  alburaoee  and  pep- 
tone, and  reduce  that  part  into  leucin,  tyrnsin,  and  other  bodies.  We  do  not 
koow,  aa  we  have  already  said,  to  what  extent  thin  more  profound  digestion 
bjr  ptDcreatic  juice  does  actually  take  place  in  the  living  body  ;  it  may  take 
puce  ti>  a  very  slight  extent  and  it  may  under  certain  circumstances  take 
pltce  to  a  considerable  extent.  But  in  any  case  it  illustrates  the  way  in 
vbi<;h  a  somewhat  similar  disruption  of  proteid  material,  a  disruption  which 
niHv  he  broadly  described  as  a  flplitting  up  of  the  proteid  into  a  nitrogenous 
Hno  a  nf>u-nitrogeuous  moiety,  may  take  place  some\vhere  in  the  l>ody  and  so 
Iwnl  to  the  sudden  formation  of  some  antecedent  of  urea.  The  antecedent 
uwy  be  leucin  or  may  be  some  other  body  or  bodies. 

Iu  sup(>ort  of  this  view  may  be  urged  the  fact  that  such  bodies  as  leusin« 
glycin,  asparagin,  and  many  others  when  introduced  into  the  alinientAry 
cuial  are  transformed  into  urea.  When  these  bodies  are  admini&lered  in 
D<u  too  great  quantities  they  do  not  reappear  in  the  urine,  but  the  urea  ia 
pfoporiionateiy  increased. 

^489.  We  have  seen  reason  t<>  think  that  the  proteids  of  a  meal  are 
»bw)rbed  not  by  the  lacteals  but  by  the  portal  bloodvessels,  and  such  bodies 
u  teuciQ  probably  take  the  same  course.  This  being  so,  all  these  bodies  pan 
thrnugh  the  liver  and  are  subjected  to  such  influences  as  may  be  exerten  by 
llh;  hepatic  cells  Now,  we  have  no  positive  evidence  that  the  liver  does  or 
*^t»  exert  such  an  action  on  proteid  material  itself  as  to  separate  a  relatively 
•inople  nitrogen  compound  from  the  remaining  constituents,  leaving  these  to 
^rm  a  body  rich  iu  carbon  ;  we  have  no  positive  proof  that  the  iucreaae  of 
Pr'»teid  metabolism  just  spoken  of  as  leading  to  an  increase  of  urea  takes 
pUce  in  the  liver  rather  than  in  the  tissues  at  large;  we  may  go  so  far  f)er- 
^■ptBs  to  suspect  that  it  is  largely  or  wholly  confined  to  the  liver,  but  we 
We  no  convincing  demonstration.  We  have,  however,  a  convergence  of 
*^^Qoe  that  the  last  stage  of  the  process,  namely,  the  conversion  into  urea 
^f  *ome  or  other  product  of  proteid  metabolism,  which  though  allied  to  is  not 
^Xartly  urea,  does  occur  in  the  liver.  In  the  first  place,  a  large  quantity 
'^'^urea  seems  to  be  present  in  the  liver  of  mammals ;  in  this  respect  the  liver 
P'^sents  a  strong  contrast  to  the  muscles;  in  the  liver  of  birds  the  urea  is 
^preseute*]  by  urates.  Moreover,  when  a  stream  of  fresh  blood  is  passed 
^eni)  timce  through  the  liver  of  an  animal  recently  killed,  the  percentage 
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of  urea  in  the  blood  so  used  ia  found  ti>  be  decidedly  increased.  This,  how- 
ever, does  not  prove  that  urea  is  fortue<l  in  the  liver,  since  tlie  increased 
quantity  of  ureji  in  the  blood  which  had  been  circuJated  might  have  been 
simply  urea  which  had  been  washed  out  frora  the  liver,  where  it  had  pre- 
viously been  staying.  Still  as  far  as  it  goes  it  ia  suggestive.  In  the  second 
place,  in  certain  cases  of  a  form  of  disease  of  the  liver  known  as  acute  yellow 
atrophy  in  which  tbt  hepatic  cells  are  ao  changed  that  their  functional 
activity  is  largely  diminished,  the  nrea  of  the  urine  not  only  nndergftes  a 
very  marked  decrease  but  appears  to  be  replace<i  to  a  very  large  extent  by 
leuciu.  This  fact  suggests  that  leucin  (and  not  for  instance  kreatin)  is  the 
chief  immediate  product  of  the  nitrogenous  metabolism  of  the  body,  and 
that  the  leucin  thus  produced  is  in  a  nunuHl  state  of  things  cmverted  into 
urea  by  the  liver.  Ami  in  this  connection  it  may  he  remarked  that  not 
only  is  leucin  found  in  nearly  alt  the  tissues  after  death,  especially  in  the 
glanduhir  li^it*Iles.  but  iilso  appears  with  striking  readiness  in  almost  all 
decorajxisitions  of  proteids,  and  ig  moreover  a  product  of  decomposition  of 
gelatiuiferous  substances.  Without  going,  however,  so  far  as  to  conclude 
that  leuein  is  the  chief  antecedent  of  urea,  we  may  take  the  above  observa- 
tion as  indicating  that  the  normal  liver  has,  in  gome  way  or  other,  the  f>ower 
of  converting  leucin  into  urea.  If  this  be  so  we  may  also  venture  to  suppose 
that  when  aucb  bodies  as  leucin,  glycin,  etc.,  introduced  into  the  alimentAry 
canal  ap]>eur  in  the  urine  as  urea  the  transformittimi  has  taken  place  in  the 
liver.  'I  he  body  tyrosin  which  so  often  acoompanies  leucin,  belonging  as  it 
does  to  the  aromatic  series,  stands  on  a  different  footing  frora  leucin  and  the 
like. 

§  490.  The  transformatiou,  however,  of  leucin  into  urea  raises  a  new  pdnt 
of  view.  Leucin,  as  we  know,  ia  amidu-caproic  acid  ;  and,  with  our  preeent 
chemical  knowledge,  we  can  conceive  of  no  other  way  in  which  leucin  can 
be  converted  into  urea  than  by  the  complete  reduction  of  the  former  to  the 
ammonia  conditiim  (the  ca]>roic  acid  residue  being  either  elaborated  into  a 
fat  or  oxidized  into  carbonic  acid)  and  by  a  reconstruction  of  the  latter  out 
of  the  ammonia  bo  forme*!.  We  have  a  Homewhat  parallel  case  in  glycin, 
which  is  amido-acetic  acid  ;  here,  too,  a  reconstruction  of  urea  out  of  an 
amraoniji  phase  must  take  place.  Moreover,  when  ammonium  chloride  is 
given  10  a  dog  a  very  large  portion  reappears  as  urea,  /.  e.,  there  is  an 
increase  in  the  urea  of  the  urine  corresponding  to  a  large  portion  of  the 
nitrogen  contained  in  the  Muimnnium  chloride.  And  in  the  case  of  other 
animals  also,  indeinl  of  man  himself,  there  is  evidence  that  somewhere  in  the 
body  ammonia  may  be  amverted  into  urea.  Hence  in  all  these  cases  where 
ammonia  or  ammonia  compounds  are  changed  into  urea,  the  last  step  at  all 
events  ie  one  of  synthesis;  and  thia  suggests  the  pijssibility  that  in  the  ordi- 
nary proteid  rnetubolisju  aW\  the  downward  katabolic  series  of  changes 
may  finish  off  with  a  synthetic  effort,  the  last  stage  of  the  former  being  the 
appearance  of  an  ammonia  corapnund  which  is  subsequently  reconstructed 
into  urea. 

This  synthesis.  like  the  transformation  of  leucin  and  other  bodies,  proba- 
bly takes  place  in  the  liver ;  and  in  support  of  this  view  we  have  a  certain 
amount  of  experimental  evidence.  Birds  maybe  kept  alive  afler  total  extir- 
pation of  the  liver  for  a  longer  time  than  can  mammals ;  and  when  in  gee«e 
the  liver  ia  removed  the  uric  acid  (representing  in  these  animals  the  urea  of 
the  mammal  ►  is  largely  decreased,  while  the  ammunia  of  the  urine  is  largely 
increased.  Afler  the  removal  of  the  liver  also,  leucin.  glycin,  and  other 
amides  or  amido-acids  administerefl  by  the  alimentary  canal  no  longer 
increase  the  uric  acid  of  the  urine,  as  they  do  in  the  intact  animal.  In  these 
animals,  thesynthesis  of  ammonia  compounds  into  uric  acid,  which  is 
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to  the  lynthefliB  into  nrefl  occurring  in  the  mammal,  aeems  to  take  place  in 
ibf  liver,  and  we  mav  infer  is  in  some  way  or  other  effected  bv  the  hepatic 
will. 

As  to  the  exact  way  in  which  ammonia,  either  as  such  or  in  form  of  an 
auiide  or  aniido-acid  changes  into  urea,  we  have  no  certain  knowledge. 
Ammonium  carlxmatc,  we  know,  ia  readily  formed  out  of  urea  by  simple 
byflnition.  and  we  may  imagine  that  tbe  living  organit<m  can  carry  out  the 
rvveree  proceea  and  ilehydratc  unimoniuni  carbonate  into  urett.  There  is, 
hoicever,  a  certain  amount  of  evidence  tliat  not  aiurnoniiim  carbonate  but 
ammonium  carbamate  is  the  immediate  antecedent  of  urea;  aud,  indet^,  out 
of  the  body,  by  electrolyzing  a  solution  of  ammonium  carbamate  with  alter- 
DAliog  currents,  a  certain  amount  of  urea  may  be  artificially  produced.  But 
this  ie  a  matter  too  obscure  to  be  discussed  here. 

iS491.    Uric  aciti.    This,  like  urea,  is  a  normal  constituent  of  human  urine, 
and,  like  urea,  has  been  found  in  the  blood, 'in  the  liver,  and  tn  the  spleen  ; 
it  ii  a  conspicuous  cnnstitticnt  uf  nn   extract  of  the  latter  organ.     I u  some 
auimals,  luch  as  birds  and  most  reptiles,  it  takes  the  place  of  urea.    In  vari- 
ous diseases  the  (juantity  in  the  urine  ia  increased ;  and  ut  tinier,  as  in  gout, 
uric  acid  accumulates  in  the  blood,  and  ti  deposit  of  urates  Lakes  plac«  in  the 
tiaats.    Since  by  oxidation  a  molecule  of  uric  acid  can  he  split  tip  into  two 
molecules  of  urea,  and  a  molecule  of  some  carbon  acid,  uric  acid  is  commonly 
siMiken  of  as  a  less  oxitlizefl  product  of  proteid  roetabtdism  than  urea.     But 
there  is  no  evidence  whatever  to  shuw  that  the  former  is  a  necessary  ante- 
cwlcni  of  the  latter;  on  the  contrary,  all  the  facts  known  go  to  show  that 
tlie  appearance  of  uric  acid  is  the  result  of  a  metabolism  slightly  diverging 
^om  that  leading  to  urea  ;  indeed,  it  is  probable  that  tbe  divergence  occurs 
^^ward  the  end  of  tbe  series  of  changes,  for  urea  given  by  the  muuth  to  birds 
appears  in  the  urine  as  uric  acid,  and,  conversely,  uric  acid  given  to  matU' 
'Oftli  appears  in  the  urine  as  urea.     We  have  no  evidence  to  prove  that  the 
5*Oie  of  the  divergence  lies  in  an  insufhcient  supply  of  oxygen  to  the  organ* 
'»tu  at  large;   on  the  contrary,  uric  acid  occure  in  the  rapidly  breathing 
oirds  as  well  as  in  tbe  more  torpid  reptiles*.     Nor  can  the  fact  thut  iu  the 
^tjg,  again,  urea  replaces  uric  aciti  lie  (explained  by  reference  to  that  animal 
"*ving  so  large  a  cutaneous  in  addition  to  its  pulmonary  respiration.     The 
una]  causes*  of  tbe  divergenc«  are  to  be  wught  rather  iu  the  fact  that  urea 
•  the  form  adapted  to  a  fluid,  and  uric  acid  to  a  more  solid  excrement.    Nor 
*•  there  Jn  man  or  the  mammal  any  satisfactory  physiological  or  clinical  evi- 
^^tice  that  an  increase  of  uric  acid  is  the  result  of  dcticient  uxidation.      Ihe 
*^*«olule  amount  of  uric  acid  discharged  by  man  and  its  proportinn  to  the 
^v^oa  paflBed  at  the  same  time  vanes  a  good  deal.     There  is  no  positive  evi- 
^«ttioe   that  the  quantity  excreted  is  Deoesaarily  increased    by  nitrogenous 
^*^t.  uolees  some  disorder  supervenes;  indeed,  it  is  asserted  that  both  abso- 
lutely and  relatively  to  the  urea  the  cpiautity  excreted  is  greater  upon  a 
^ix^  diet  than  upon  a  highly  proteid  one.     Alkalies  in  the  food  seem  un- 
*Ic»^btedly  to  diminish  it,  and  alcohol,  at  least  iu  excess,  to  increase  it. 

So  far  from  considering  uric  acid  as  a  leas  oxidized  antecedent  of  urea,  we 

^ht,  perhaps,  rather  to  regard  its  appearance  as  a  result  of  a  synthesis  in 

Hich  urea  or  some  allied  b^nly  takes  part.     At^  we  liave  said,  uric  acid  may 

^*®   formed  synthetically  by  heating  together  urea  and  glycin ;  and  it  has 

^■*ore  recently  been  similarly  prej)ared   from  various  allied   bodies.     As  to 

^Kere  or  how  such  a  synthesis  is  eflected  in  the  living  lnwly,  we  know  little 

'^r  Doihing  for  certain,  and  can  only  make  conjectures.     The  constant  pres- 

^Ke  of  uric  acid  in  the  spleen,  however,  and  the  frequently  noted  ct>nuection 

**«tween  a  rise  and  fall  of  uric  acid  in  the  urine  and  variations  in  the  volume 

^<Hi  therefore  presumably  in  the  activity  of  the  spleen,  suggest  that  the 
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change  may  be  brougbt  about  in  that  organ  ;  but  it  must  be  remembered 
that  in  birds  and  reptites  the  fornuition  of  uric  acid  seems  to  be  eflected  in 
the  same  organs  a«  that  of  urea  and  iu  an  uimlogous  manner;  and  the  argu* 
menttf  which  wt?  havts  used  cctncerning  the  formation  of  urea  in  the  liver  of 
mammala,  may  he  ujiplied  to  the  forniation  of  uric  acid  in  the  livera  of  birds 
and  reptiles.  It  is  more  probable,  therefore,  that  in  the  mammal  the  turn  to 
uric  ttcid  rather  than  urea  is  given  in  the  liver,  the  spleen,  however,  ptjeaibly 
playing  its  part  idao  in  the  matter- 

^  492.  Of  the  nieanin^  of  the  ;ip|»eftrrtnce  in  the  tisssues  of  such  bodies  as 
xRulhin.  hy|Hixanthin,  giianin,  nnd  the  like,  and  of  the  exact  nature  of  the 
metabniisni  which  gives  rise  to  them  or  which  tbey  themselves  undergo,  we 
know  little  or  nothing.  The  presence  of  these  several  bodies  may  be  taken 
as  illustrating  the  complex  and  varied  nature  of  proteid  metabolism  to  which 
we  referred  above.  Urea  is  the  chief  end-product  of  proteid  metabolism,  but 
that  end  is  probably  reached  in  several  ways ;  so  that  probably  a  very  large 
number  of  nitrogenous  chemical  substances  make  a  momentary  appearance 
in  the  body.  Some  of  these  fail  to  beconu^  urea,  and  either  without  or  after 
further  change  make  their  appearaut'e  iu  the  urine.  But  we  do  not  know 
whether  their  ap|)earance  is  accidental,  the  result  of  imperiect  chemical 
machinery;  or  whether  they,  though  Hmnll  in  ipiuntity,  serve  some  special 
ends  in  the  ecououn'.  Perhaps  sometiiiie^,  or  with  some  of  them  it  is  the  one 
case,  at  other  times  or  with  others  it  is  the  other  case. 

When  proteid  material  undergoes  outside  the  body,  either  by  the  action 
of  trypsin  or  iw  the  result  of  decomposition  or  under  the  influence  of  chemical 
agents,  that  change  by  which  it  is  convei"ted  into  leucin,  the  leucin  which 
appears  in  some  considerable  quantities  is  accompanied  by  tyrosin,  which 
appears  in  snmller  quantities  as  well  as  by  other  bodies.  The  almtjst  constant 
appearance  of  tyrosin  as  a  result  of  the  deconipositiou  of  proteid  material 
leads  one,  as  we  have  previously  saiii^  to  the  conception  that  some  representa- 
tive of  the  aromatic  aeries  enters  into  the  constitution  of  proteid  substance; 
and  it  is  {Hissible  that  the  hippuric  acid  of  flesh -eating  animals  derives  its 
benzoic  acid  constituent  from  thia  aromatic  radicle  of  proteid  matter.  Tyrosin 
itself  does  not  appear  in  the  body  as  a  normal  product  of  proteid  metabultsni, 
and  we  are  therefore  led  to  infer  that  iu  proteid  metabolism  the  aromatic 
radicle  takes  on  some  other  form.  Whether,  as  in  tyrosin,  the  aromatic 
(pheuyl)  nucleus  is  associated  with  an  ammonia  representative  or  no,  we  do 
not  know.  But  if  it  is  then,  since  neither  tyrosin  nor  any  similar  body  is  a 
constituent  of  normal  urine,  the  ammonia  constituent  is  somewhere  disasso- 
ciated from  the  phenyl  one;  aud  while  the  former  contributes  to  the  slock 
of  urea,  the  latter  is  either  discharged  by  the  urine  as  hippuric  acid  having 
as  we  have  seen  eHectcd  iu  the  kidney  a  new  association  with  the  ammonia 
representative  glycin,  or  leaves  the  body  as  one  or  other  of  the  uriuftry 
phenyl  compounds,  or  jHissibly  may  be  oxidized  somewhere  into  carbonic 
acid  and  water.  Our  knowledge  on  this  ])oint  is  limited,  but  we  have  ven- 
tured to  refer  to  the  point  since  it  further  illustrates  the  complexity  of  pro- 
teid metabolism. 

^  493.  In  speaking  of  urea  (§  402)  we  alluded  to  its  relations  to  the 
cyanogen  comixiund;*.  Bearing  in  mind  the  peculiarly  large  amount  of 
energy  set  free  as  heat  during  the  isomeric  transformation  of  many  cyanogen 
compounds,  as  well  as  the  large  store  of  potential  energy  existing  in  cyanogen 
itself,  the  heat  of  combustion  (d*  which  is  very  large,  and  contrasting  these 
properties  with  those  of  umnionia  and  the  ammonia  compounds,  we  cannot 
help  being  tempted  toward  the  view  that  iu  the  actual  living  structure  the 
nitrogen  exists  in  the  form  of  cyanogen  compfuinds,  and  that  in  the  paeuge 
to  dead  nitrogenous  waste,  during  which  energy  is  set  free,  the  cyaiiogen 
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compound  changes  to  the- amide  or  other  iimmonia  representBtive,  And 
there  are  several  facU^  whicli  lend  Hup[K)rt  to  sucli  a  view,  Kiieh  mb  the  pres- 
ence of  gulpbocyauntes  in  sativa  imd  urine,  which  we  xntiy  h)ok  upon  as  a 
sort  of  leakage  of  cyanngeu  factors,  the  arlilidal  |>rnduetion  uf  kreatinin  out 
of  eyaiuide  and  sareoein,  and  other  factj^.  Hut  t  lif^  matter,  though  it  deserves 
lo  be  borne  in  mind,  is  too  obecure  to  be  dweU  uu  here. 

$  484.  We  may  now  briefly  auni   up  ilie  varied  diseussions  which  have 
*xrcupied  ua  in  the  present  section. 

Urea  is  the  main  end  product  of  proteid  metabolism.     Unlike  hippuric 

acid  and  w>me  other  constituents  of  uriuc,  urea  ifl  simply  excreted  by  the 

kidneys,  being  brought  to  them  in  the  bl(;»od,  they  apparently,  beyond  the 

ftitunle  act  of  excretion,  doing  nn   more  than    merely  contributing  to  the 

stock  of  urea  in  so  far  as  they  are  masses  of  proteid  material  undergoing 

proteid  metabolism  ta  part  of  their  general  life.     What  are  the  immediate 

antecedents  of  urea  we  do  not  clearly  know ;  hut  it  is  probable  that  they 

are  not  one  but  several  and  indeed   poiuihly  many.      We  have  reason  tu 

think  that  urea   may  be  formeil   out  of  amides  or  amido-acids,  or  out  of 

mtnmonia  itself  by  a  synthetic  process;  and  we  have  indications  that  this 

nntbesis  is  eHccted  in  the  liver  by  the  agency  of  the  hepatic  cell^.     But  we 

(lonot  know  whether  this  synthesis  bears  only  on  particular  nitrogen-holding 

ftulniHuces  of  food  or  of  the  body,  or  whether  it  comes  tnio  play  in  the 

Durmal  meialM>lism  of  proteid  malerial.     If  the  kreaiio  which  ia  so  con- 

fipicuous  a  eonstitueut  of  muscular  and  nervous  structures  is  a  stage  In  the 

direct  line  to  urea,  then  the  synthesis  would  atlect  only  the  sarcosin  which 

ibe  kreatin  in  l)ecoming  urea  set;*  free.     Hut  we  have  seen  that  it  is  by  uo 

means  clear  that  kreatin  is  such  a  slage. 

The  evidence  as  fur  as  it  goeti  Unuh  to  show  that  the  rnctaholism  of  proteid 

^y^  complex  and  varied,  that  a  large  number  of  nitrogen-holding  sub- 

"^Uioea  make  a  momentary  up[H.'uraucc  iu  the  body,  taking  origin  at  this  or 

^»t  step  in  the  downward  stairs  of  katabolic  metabolism  and  changing  into 

"iXtteihiDg  else  at  the  next  step,  ami  that  the  presence  in  various  parts  of  the 

Wy  and  even  in  the  urine,  in  snmil  (luauiilies,  of  so  many  varied  nitrogenous 

^^''yatalline  subatanceis,  forming  a  large  pnrt  o{'  what  are  known  as  extractives, 

«**    to  do  with  this  varied  metabolism.     I'ossibly  the  transformations  by 

■Mch  nitrogen  thus  passes  <lowuward  take  place  to  a  certain  extent  in  such 

^'^^^3s  as  the  liver  and  the  spleen,  which  are  remarkably  rich  in  these  ex- 

'''Ms^ves.     But  the  whole  story  of  proteid  metabolism  consists  at  preaent 

^^^f^t.  of  guesses  an<i  of  ga|>s. 


Oh  Some  STRucruKBs  and  Procebseb  of  Okscuric  Nature. 

•  486.  The  thyroid  body.  Certain  structures  of  obscure  nature,  but  prob- 
?°*3^  coDoecied  in  some  way  <»r  other  with  some  of  the  metabolic  processes 
**}  '•t:fce  bo<Jy,  are  oileu  spoken  of  under  the  undesirable  name  of  *'  ductless 
8J*»^«1«."  rfuch  are  the  thyroid  ixxly  or  gland,  the  pituitary  body,  the 
™r«*ju8,  and  the  suprarenal  capsules.  These  differ  from  each  other  so  eeaen- 
^**'^  that  the  only  plea  whicli  can  be  urged  in  favor  of  considering  them 
^''S^CJier  is  convenience  and  our  ignorance  of  their  res|>ective  functions. 

*  lie  thyroid  body  is  the  one  of  the  group  most  deserving  to  l>e  called  a 
B'*'«»<1.  since  it,  like  the  Jungs,  arises  as  a  two-lobed  diverticulum  from  the 
^^Ulfttl  surface  of  the  anterior  part  of  the  alimentary  canal,  and  at  first, 
uk*;  ihc  lungs  also,  behaves  as  if  it  were  about  l*)  become  a  double  racemose 
R^^od.  The  connection  with  the  throat,  however,  which  should  have  become 
*^Uct.  ia  soon  oblilerate<l,  and  the  two  lobes,  united  with  each  other  bv  an 
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ibthmus  across  the  trachea,  luse  all  traces  of  tixty  brancliing  ducte  withiD 
tlicru,  nrifi  bemme  trnntjfornied  ioLo  masses  of  isolated  ductless  alveoli  bound 
together  with  connective  tissue. 

Hence,  wlicn  ii  Hectioii  is  taken  tlirough  a  hanleQed  and  prepared  lobe  of 
an  adult  thyroid,  what  is  seen  ia  a  Itniitiug  cfl|>sule  of  connective  tissue 
eeudiug  into  the  interior  numerous  8e[)ta,  ivhit;h  surround  and  separate  from 
each  otlier  round  or  oval  Bj)ace8,  the  sections  of  the  isolated  alveoli.  [Fig. 
170.]  These  are  of  variable  size,  aonie  being  visible  to  the  naked  eye,  and 
each  is  lined  by  a  single  layer  of  !ow  columnar  or  cubical  nucleated  oella 
resting  on  a  basement  mertibrane,  leaving  a  large  cavity»  which  in  fresh 
specimens  is  filled  with  a  glairy  fluid.  The  cells  present  no  special  char- 
acters. 

[FIO.  17D. 


itECriON  OP  TQE  THYKOIO  QLAKO  09  X  CHILD. 

Two  oomplote  vefliclefl  and  portions  of  otben  are  rcprcKeuled.  The  veitlcles  are  fllleU  ulUi  ooUiUd. 
whlcfa  Rl8o  oocuplM  the  iutenUtial  spaces.  In  tbe  middle  of  one  of  the  spacea  a  bloodvoael  if  tccn 
cuiubliquel),  and  rlose  to  it  in  a  plasma  oell.  Between  tbe  cubical  epithellom  cells  tmallercellallhe 
lymph  corpuscles  arc  bcrc  and  there  seen.] 

The  septa  of  connective  tissue,  fairly  rich  in  elastic  elements,  but  remark- 
ably tree  from  Hrli|)ime  tissue,  contain  numerous  bloodvessels  derived  from 
the  superior  and  inferior  thyroid  arteries,  the  branches  of  which,  rclativeJy 
large  and  frequently  ana.Htoiuosing,  end  for  the  most  part  in  capillary  net- 
works round  the  alveoli;  from  these  capiUiiries  and  those  of  the  septa  the 
blood  is  gathered  into  veins  also  relatively  large^  which,  forming  plexuses 
on  the  surface  of  the  organ,  end  in  the  superior  middle  and  inierior  thy- 
roid veins.  The  thyroid  body  is  thus  furnished  with  an  abundant  supply 
of  blood. 

The  septa  also  contain  a  very  large  number  of  lymphatic  vessels,  which. 
both  on  the  surface  of  the  organ  and  along  the  8ej>ta,  are  arranged  in  plex- 
uses of  anastomosing  trunks  of  considerable  si'ze.  Small  nodules  of  adenoid 
tissue  are  also  found  in  the  septa. 

The  nerves  of  the  thyroid  body  are  also  abundant.  They  are.  in  man, 
derived  chiefly  from  the  cervical  sympathetic  nerve,  passing  ofl"  from  the 
middle  and  lower  cervical  ganglia;  their  exact  terminations  within  the  organ 
\s  not  known.  Fine  filaments  are  als(^  said  to  be  given  oif  to  it  from  the 
external  branch  of  the  superior  laryngeal  nerve. 

The  "accessory"  thyroid  bodies  ollen  found  are  of  the  same  nature  as  the 
main  boijy. 

Very  frequently,  so  frequently  in  tiio  adult  us  to  be  of  almost  normal 
occurrence^  the  alveoli  contain  not  simple  glairy  tluid  but  a  more  solid  clear 
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ouitenal  calle<l  "  colloid  ;"  this  geDerally  appears  iu  the  centre  of  an  alveolus 
ftod  may  fill  up  the  whole  lumen  ;  occasionally  more  or  less  changed  epi- 
thelial cells  may  be  seen  lying  between  it  and  the  layer  of  cells  rej^ting  on 
the  baK'ineut  membrane.  Extravasation?  of  blood  iutu  the  alveoli  are  also 
Out  uncommon. 

The  thyroid  body  ia  very  apt  to  become  enlarged,  sometimes  enormously 
m,  and  is  then  spoken  of  as  goitrf.  The  enlargement  may  lie  duo  Piraply  to 
ao  increase  in  the  number  of  otherwitie  fairly  normal  niveoli  and  septa. 
But  very  often  a  number  of  alvetdi  become  nioreor  less  confluent,  forming 
acTSt;  and  at  times  the  whole  gland  appears  to  be  composed  of  a  number 
of  cysts  of  varying  size,  frequently  loaded  with  ^*  colloi<l  "  material.  There 
iflaUo  a  form  of  goitre  in  which  the  enlargement  is  chicHy  or  even  exclu- 
•ivelr  due  to  an  increase  in  the  vascular  supply,  the  bli^odves^eU  being 
abaormally  distenduil ;  and  tliiu  apparetttly  may  occur  without  any  structural 
changes  in  the  walls  of  the  blooiivessels  Sometimes,  however,  the  arteries 
Qodergo  aneurismal  enlarguruents^  with  changes  in  their  coats. 

The  glairiness  of  the  fluid  contenLs  of  the  alveoli  has  generally  been 
Attril)ute<l  to  the  presence  of  mucin,  and  thiA  body  has  aUo  been  said  to 
have  l>een  lound  within  the  lymphatic  vesi^els  running  iu  the  septa;  but 
•oote  observers  have  urged  that  the  material  in  tjuestiou  is  not  true  mucin, 
twca  peculiar  form  i^or  lorms)  of  proLeid  substance.  The  *'  colloid  ''material 
«  frequently  a[>pearing  has  also  been  regarded  as  alUed  to  mucin,  but  its 
c^xact  nature  has  not  as  yet  been  satisfactorily  determined.  Besides  these 
special  substances  the  alveoli  or  cysts  also  contain  serum-albumin  and 
globulin.  The  "extractives"  of  the  thyroid  appear  to  contain  kreatin  or 
kreatiain  iu  not  inconsiderable  quaulities.  xanthin,  and  lactic  (paralactic) 
■cid;  guanin  is  said  to  he  absent.  Fn  large  and  old  cyata  cholesterin  ia 
Moetimes  present:  and  when, as  often  happeuB,  extravasations  of  blood  into 
the  cTBts  have  taken  place,  htemoglobiD,  or  at  a  later  stage  hsematoidin 
bilirubin)  has  been  fouud. 

>486.  The  large  supply  of  blood  to  the  thyroid  suggests  the  Idea  that  the 
'""jfau  \A  the  seat  of  some  of  the  subsidiary  metabolic  processes  lo  which  we 
referred  io  the  last  section,  and  this  view  is  supported  by  the  presence  of  the 
'Xtnoiives  Just  mentioned  ;  but  we  have  no  detailed  kn(»wledge  of  what 
"ctiially  goe«  on. 

Tbe  presence  of  the  peculiar  mucin-likc  body  in  the  alveoli,  and  the  ten- 
<I*IM!T  to  **  colloid  formation"  further  suggest  some  relaticm  of  the  organ  to 
ll»ft  rorraation  or  distribution  of  mucin ;  and  this  view  has  derived  a  certain 
'upfwrt  from  some  experimental  results,  but  these,  though  numerous,  have 
ived  neither  uniform  nor  accordant.  When  in  certain  animals  (monkeys, 
,aod  other carnivora,  and  thesame  has  been  observed  in  man)  the  gland 
extirpated,  even  with  the  greatest  care,  the  operation  infrequently  followed 
the  occurrence  of  peculiar  nervous  symptoms,  such  as  muscular  twitchings 
'd  Iremora,  apaams,  and  even  tetanic  convulsions  (more  especially  observed 
young  animals),  accompanied  or  succeeded  by  irregularity  or  failure  of 
iluDtary  movements ;  subsequently  there  may  ensue  varied  symptoms 
^bich  may  be  described  under  the  general  term  of  disordered  nutrition, 
ling  eventually  in  death.  In  a  certain  number  of  cases,  however,  in  the 
^ive  kinds  of  animal,  do  serious  symptoms  follow,  even  the  total  extirpation 
''f  the  organ  protlucing  no  marked  effect;  and  in  rabbits  and  other  herb- 
'»ort,us  animals  removal  is  said  never  to  be  followed  by  any  of  the  above 
^ulu.  It  has  been  urged  that  the  symptoms  when  seen  are  the  effects  not 
mere  absence  of  the  organ,  but  of  mischief  set  up  by  the  operation  in 
~  ig  structures,  more  especially  in  the  laryngeal  nerves  and  vagus 
but  this  does  not  seem  a  valid  explanation.     If,  as  suggested  above, 
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certain  metabolic  proceaaes  are  uoriually  going  on  id  the  organ,  we  may  fair^ 
supiKiae  that,  in  the  absence  of  the  organ,  the  iotarruptioD  of  the  normal 
eequence  t^f  chemical  change  would  throw  upon  the  circulation  certain 
strange  aubfltanoes  which,  acting  like  a  poieon,  might  produce  the  nervoua  symp- 
toms, throw  into  digorder  the  uutrittou  of  various  ti^sue^,  and  finally  bring 
about  death.  We  uiay  further  explain  the  cases  where  symptoms  are  absent 
by  supptifiiiig  that,  i\tr  some  reason  or  other,  "  things  have  taken  a  different 
turn,"  the  particular  jujisonous  eubstauces  have  not  made  their  appearance, 
but  innocuous  ones  have  taken  their  place  ;  and  we  know  how  slight  a 
change  in  chemical  composition  may  turn  a  poison  into  an  inert  body.  This, 
of  course,  remains  a  mere  supposiiion  until  we  can  slate  what  the  exact 
metabolic  processes  are,  and  name  the  substances  which  work  the  mischief; 
but  it  seems  more  reasonable  to  accept  such  a  provisional  suppositictn,  than 
to  conclude  that  the  thyroid  may  be  removed  without  producing  any  effect 
whatever  on  the  organbni.  An  animal  without  a  thyroid  may  appear  per- 
fectly wellj  because  the  circunistaucfts  to  ubich  it  ia  c'Sp<3aed  do  not  happen 
to  test  the  imperfection  from  which  it  is  really  suffering,  just  as  a  man's 
inability  to  swim  may  not  be  apparent  until  he  hap|>enB  to  fall  into  the 
water.  The  animals  which  do  succumb  to  the  operation  of  removal  of  the 
organ  are,  for  some  reason  or  other,  put  to  the  test,  and  are  fouD<l  wanting. 
The  very  discordance  of  the  expeririienlal  results  points  the  physiological 
moral  that  the  phenomena  which  we  are  as  yet  able  to  observe  form,  as  it 
were,  a  mere  surface  covering  intricate  processes  at  present  wholly,  or  nearly 
wholly,  hidden  from  ub. 

The  above  experimental  results  receive  additional  iotereet  and  at  the  same 
time  support  from  clinical  experience.  The  connection  between  goitre  and 
cretinism — the  latter  disease  being,  broadly  speaking,  a  result  of  disordered 
DUtrilion  telling  largely  on  the  nervous  system — has  long  been  recognized  ; 
and  attention  has  also  been  called  to  some  tie  between  disease  of  the  thyroid 
and  a  morbid  condition,  known  as  myx«jedema,  in  a  certain  number  of  caan 
of  which  mucin  or  a  mucin-like  body  has  been  found  in  great  excess  in  the 
skin  and  in  other  tissues.  In  monkeys  the  removal  of  the  thyroid  has,  in 
some  cases,  been  foIli»wed,  besides  the  symptoms  mentioned  above,  some  of 
which  resemble  thuse  of  rayxoedema.  by  an  accumulation  of  mucin  ur  a 
muciu-like  body  in  the  ekin  and  varioue  tissuefl.  It  is  very  difficult  not  Vi 
connect  this  with  the  formation  in  the  thyroid  of  colloid  material  in  the  con- 
tents of  the  alveoli.  But  we  know  so  little  about  the  nature  of  mucin  and 
its  allies,  about  their  real  relations  to  more  ordinary  proteid  substances,  and 
about  the  jmrt  which  they  play  in  physiological  processes,  they  any  views  as 
to  the  exact  connection  between  the  presence  of  mucin  in  the  tissues  at  large 
and  changes  taking  place  in  the  thyroid  must  he  at  present  to  a  large 
extent  speculatiou-  , 

The  large  va.sctjlnr  supply  of  the  thyroid,  and  the  phenomena  of  a  disease 
koown  as  exophthalmic  goitre,  in  which  vtiscular  enlargement  of  the  thyroid 
ia  asBOciatcd  with  cardiac  symptoms  and  other  vascular  disturbances,  especi- 
ally of  the  head,  have  suggested  that,  apart  from  metiibolic  processes,  the 
circulation  in  the  thyroid  may,  perha[)s  iu  a  more  or  less  mechanical  way,  tie 
connected  with  and  influence  the  circulation  in  the  brain.  But  the  exact— ■ 
nature  of  this  intluence  has  not  been  made  clear. 

i;  497.  Tht-  pituitary  body.  The  lower,  posterior,  lobe  of  this  organ  resem- 
bles the  thyroid  body  (the  upper,  anterior,  lobe  is  of  quite  distinct  nature^ 
being  really  a  part  of  the  central  nervous  system^  inasmuch  as  it  is  a- 
diverticulum  of  the  alimentary  canal  (namely,  of  the  mouth)  which,  instead 
of  becoming  a  branched  gland,  is  converted  into  a  mass  of  round,  or  oval,  or* 
cylindrical  alveoli,  separated  by  septa  of  vascular  connective  tissue.     Though 
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i  infltancefi  the  alveoli  of  the  pituitary  body,  like  those  of  the  thyroid, 
a  lumen,  which,  moreover,  may  hold  more  or  lees  "  colloid  "  contents, 
ihe  majority  are  solid  masses  of  epithelial  cells.  The  cells,  which  are 
columnar  or  polyhedral,  preaeiit  no  sjiecial  characters,  except,  perhaps,  that 
between  the  uaua)  epilhelitil  cells  are  occasionally  found  apindle-shaped  cells 
apparently  of  mewiblHt^lic  origin. 

Coucerning  the  processes  whit'h  take  place  in  these  alveoli,  and  the  pur- 
pOK8  of  the  organ  as  a  whole,  we  know  ahsulutely  nothing. 

■     §408.      T?te  supra  ratal  bodies,     A  (uianinialimi)  fiupra-renal  hody,  when 
cut  across,  is  seen  to  consist  uf  two  difttiocl  parts,  an  outer  thicker  cortical 

part,  of  yellowish  color,  striated  radially, 

ud  an  inner  thicker  vxethiltary  pan  of 

darker  color.     [Fig.  171.]    At  thedeprea- 

liooou  the  anterior  surt'aceL'alied  the  hilus. 

vhence    iaauea    the   comparaLively    large 

•Qpra-renal  vein,  the  cortex  ihiun  away  so 

that  the   medulla   comes  to  the  surface. 

Ttwse  two  parta,  cortex  and  medulla,  are 

not,  like    the    (!ortex  and    medulla   of  a 

l.Trnphati^  gland,  different  arraugetneiits  of 

the  same  material,  but  are  of  eaboutially 

different  nature, and,  indeed,areofdirterent 

ongin.     The  me<lutla  is  derived  from,  '\»  a 

iBodification  of, sympathetic  ganglia,  while 

ibe  cortex  is  derived  i'rom  ma^^s  of  meao- 

bla«tic  cells  surrounding  the  great  blood- 

vesels;  and  in  some  animals  the  two  form 

wholly  separate    btxlies.      The  so-called 

sccesBory  supra  -  renals   are  composed  of 

cortex  alone. 
The  whole  organ   is  surrounded  by  a 

**p6ule   of  connective   tissue,   free   from 

muKular   fibres,   and    not   very    rich    in 

elastic  elemeuta.     From  the  capsule  septa 

psi>  inward  and  form  a  framework,  the 

OTJtiea  of  which  are  filled  by  cells  or 
^^^^fal  of  cells  differing  in  nature  and  dif- 
^^^■By  arranged  in  the  cortex  and  in  the 
^■^^lla.  The  middle  larger  part  of  the 
^Fooriex  is  cump«»Bed  of  annicw-hHi  long  solid 

''oluiunB  of  polyhedral  cells,  hnlged  in  cnr- 

'*>ponding  meahes  of  the  framework.   The 

(olumna,  which   are  three   or   four   cells 

^>ck  and  several  cells  in  length,  though 

*^^ewbat  irregular  and  varying  in  size,  do 

»^^  anabtumose,  being  wholly  separated 
^>ni  each  other  by  the  bars  of  connective 
■•■ue,  and  possess  no  central  cavity  or 
•pttten.  The  bloodvessels,  which  arc  abundant  in  these  bars  of  connective 
*^e,  do  not  (>enetrate  the  columns.  The  cell  substance  of  the  cells  is  of  a 
ysllovisb  color,  often  contaiuiug  yellowish  oil  globules,  and  possesses  a  clear 
'oaod  nucleus. 

Id  the  outer  j)art  of  the  cortex  immediately  underneath  the  capsule  is  a 

[vis  z«tne  in  which   the  groups  of  cells  are  not  columnar,  hut  rouuderl  and 

rulnr;  arvl  again  in  the  inner  parlof  the  cortex  abutting  on  the  medulla 


VEKUCAL  8K(.TIoJ(  f>r  Stl'tlA-HENAL  DooY, 
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18  aiiather  thin  zoue,  in  which  the  cnluiriDar  arrangement  ia  luet,  the  cells 
beiug  here  Hispuged  in  a  oeiw^irk  of  thin  cunls,  and  the  iudividual  cells  to  a 
large  extent  separated  from  each  other  by  delicate  contiuuationa  ol"  the 
coarser  uonnective-tisenc  septa.  Mence,  the  rnHin  median  part  of  the  cortex, 
which  from  the  proruinent  columnar  arrangement  appears  striated  radially, 
is  often  called  the  zfina  fasciculata,  tlif:  thiu  outer  part  the  zoTiagtnmerulo«a, 
and  the  thin  inner  part  the  zona  reticularis^  but  as  far  as  the  easenti&l 
charuclers  of  the  cells  are  concerned,  all  the  three  zfjiies  are  alike. 

The  medulla  also  consists  of  cells  nr  grniijw  of  cells  lying  in  the  meshes  of 
a  connective-tissue  framework,  but  the  cells  are  of  a  difierent  nature  from 
those  nf  the  cortex.  They  are  irregular  and  often  branched,  and  their  cell 
substance,  though  it  sometimes  contains  pigment,  is  generally  clear  and 
transparent.  The  medulla,  moreover,  is  further  distinguisheil  from  the 
cortex  by  the  abundant  Hupply  r»f  bloodvessels  and  of  nerves. 

The  cells  of  the  medulla  and  of  the  inner  zone  (zona  reticularis)  of  the 
cortex  are  very  apt  to  under^^o  change  after  death,  and  to  become  diffluent. 

The  arteries  which  come  fnim  the  aorta  and  from  the  renal  and  phrenic 
arteries  pass  mLo  the  organ  oti  the  surface,  and  traversing  the  cortex, supply- 
ing as  they  go  both  capsule  and  cortex  with  a  moderate  number  of  vessels, 
end  in  the  medulla,  the  ciinneclive-tissue  bars  of  which  bear  numerous  large 
venous  sinuses,  into  which  the  capillaries  pour  their  blood,  and  from  which 
the  bliiod  is  gathered  up  iuto  the  supra-reaal  vein. 

A  large  number  of  nerves,  coiisisling  chiefly  of  medullated  fibrea  from  the 
solar  plexus,  the  renal  plexus,  the  phrenic  nerve,  and  the  vagus,  pass  into 
the  &upra-renal  body  at  the  hilus  and  on  the  under  surface,  and  forming 
numerous  plexuses,  coarse  and  tine,  some  carrying  small  groups  of  nerve 
cells,  end  chieHy  in  the  medulla,  though  some  pass  on  to  the  cortex.  The 
ultimate  endings  are  not  yet  known. 

The  lymphatics  are  fairly  numerous,  and  form  plexuses  in  the  ca])8ule  and 
in  the  con uective  tissue  of  the  framework;  il  ib  stated  that  the  lymphatic 
vessels  surrounding  the  groups  of  cells  in  the  cortex  communicate  with  spaces 
between  the  cells. 

$499.  Besides  the  ordinary  proteifj  and  other  chemical  constituentd,  the 
supra-renal  body  contains  some  substance  or  substances  possessing  striking 
color  reactions,  giving  a  dark-blue  or  <lark -green  color  with  ferric  chloride, 
and  a  carmine-red  tint  with  various  oxidizing  agents.  This  substance  (whose 
nature  is  not  exactly  known,  and  which  is  confined  to  or  most  abundant  io 
the  medulla)  is  not  soluble  in  the  or<linary  solvents  of  pigments,  such  as 
alcohol,  ether,  chloroform,  etc.,  but  is  readily  soluble  in  dilute  acids. 

Among  the  extractives,  hip]>uric  and  benzoic  ucifi,  and  taurocholic  acid 
or  taurin  have  been  found,  but  it  is  not  certain  that  these  are  normal  con- 
stituents. 

$  500.  Some  of  the  histological  features  of  the  supra-renal  bodies,  namely, 
the  groups  of  cells  and  their  abundant  blood-supply,  suggest,  on  the  one 
hand,  that  important  metabolic  processes  take  place  in  them,  some  uf  which 
are  probably  connected  with  the  history  of  the  pigments  of  the  body  at  large. 
On  the  other  hand,  the  unusually  large  nerve-supply,  and  the  derivation  of 
part  of  the  body  from  the  ;^ym[iathctic  ganglia,  suggest  ]>eculiar  nervous 
connections.  And  the  organ  has  r)ften  served  as  a  Btarting-|Mnnt  for  specu- 
lations in  these  two  directions ;  but  our  exact  knowledge  coucerning  them  is 
very  limited.  The  results  of  ex(jerimeut  have  taught  us  little;  extirpation^ 
for  example,  has  been  often  followed  by  the  ileath  of  the  animal  operated 
upon,  hut  the  cause  of  the  death  in  such  cases  is  hv  no  means  clear. 

One  fact,  gained  by  clinical  experience,  ia  the  only  real  item  of  kDowledgf 
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we  pQ8«es-9.  Disease  of  lUe  supra-reniil  biMiies,  apparently  tiihoroular 
ire  aad  begiooing  in  the  uiedultii,  U  so  often  associated  with  a  change 
in  the  color  of  with  an  increase  of  the  pii^ment  of  the  skin,  "  bronzed  skin," 
" Addison's  disease,"  that  some  connection  between  the  two  must  exist;  hut 
tbenverai  links  of  the  chain  are  as  yet  unknown.  It  is  tempting  to  asso- 
ciate the  increase  of  pigment  in  the  brouzed  skin  with  the  chromogca  or 
el>]o^yielding  substance  spoken  of  above  ;  but  we  have  no  warrant  for  doing 
•o.such  for  instance  as  any  indication  of  ties  between  the  snpra-renal  bodies 
t&<i  changes  either  in  hiemoglohin  itself  or  in  bilirubin,  which  two  boilies 
we  have  reason  to  reganl  more  particularly  as  mothers  of  pigment.  More- 
OTer  the  bronzed  skin  ia  only  one  of  the  syniptoma  of  Addisoti^s  tlisease, 
fiiilure  of  nutrition  and  nerv^ius  symptoms  being  also  present. 

§601.  The  thymuA.  Thia^  th<iugh  it  arisei*  in  the  eiubryi)  as  a  paired  out- 
growth from  the  epithelial  walls  of  a  pair  tif  visceral  clefts,  and  thus  begins 
Ai  an  epithelial  structure  iut<»  which  meeoblaMitc  elements  sub^quently  in- 
trude, soon  puts  on  euch  characters  as  to  appear  eKscntially  a  lymphatic 
structure,  and.  indeed,  might  be  regar^led  as  a  part  of  the  lymphatic  system. 
It  consists  of  a  capstile  of  connective  tietiue,  [>Iain  muHcutar  fibres  being 
absent,  and  septa  or  trabecii la?  of*  the  same  tmturt*  which  <livide  the  organ 
iouiA  number  of  irregular  more  or  less  cyliudrionl  anastomosing  follicles  or 
lobnles,  and  send  Hner  radiating  septa  into  the  interior  of  each  lobule. 
These  lobules  present  the  same  characters  throughout  the  whole  mass  of  the 
organ,  there  not  being,  as  in  a  lymphatic  gland,  any  distinction  between  a 
oortex  and  a  medulla  of  the  whole  body.  The  words  are,  however,  applieti  to 
«ach  lobule,  to  distiugtiiyh  the  centra)  from  the  |»eripheral  part  of  the  lobule 
itoelf.  Both  the  central  mtnUiIla  and  the  peripheral  cortex  of  each  lobule 
ft'ndist  of  a  framework  of  relictilar  connective  tissue,  which  in  the  cortex  is 
identical  with  or  closely  allied  to  adenoid  tissue,  but  in  the  medulla  is 
cwirser  and  more  oj>eu  and  to  a  larger  extent  com(M>s€d  of  branched  anas- 
tomosing epithelioid  cells.  The  meshes  of  the  cortex  are  crowded  with  leu- 
cocytes, hut  these  are  much  lesa  abundant  in  and  more  easily  fall  out  of  the 
QiHalla,  so  that  in  sectioua  the  medulla  ap|>ears  more  transparent  than  the 
^rtex.  It  will  be  ol>served  that  this  arrangement  is  almost  the  reverse  of 
that  obtaining  in  the  alveolus  of  a  lymphatic  gland,  in  which  the  finer  gland 
**ih«tauce  with  its  adenoid  tissue  crowded  with  leucocytes  is  placed  in  the 
*cotrp,  surrounded  by  the  more  open  network  of  the  lymph  ainus. 

The  bhxKlvessels  of  the  thymus  running  along  the  septa  form  capillary 
Mtworkd  which,  though  closer  and  more  abuudant  in  the  cortical  than  in 
"K  medullary  portions  of  the  lobules,  have  no  such  8[>ecial  arrangement  as 
obtains  in  lymphatic  glands. 

Lymphatic  vessela,  abundant  in  the  capsule  and  septa,  are  undoubtedly 
IB  CiiDuection  with  the  substance  ot  the  lobules. 

The  meilullary  substance  frequently  contains  bodies,  known  as*'concen- 
^<?  ca(wu!es,"  nes^ts  of  concentrically  disposed  nucleated  flattened  epithelial 
''fejuthelioid  cells.     They  appear  to  arise  from  a   proliferation  of  the  epi- 
thelioid cells  lining  small  blomive^ela,  and  have  been  Buppi>3ed  to  be  con- 
o«eted  with  the  degenerative  changes  by  which,  with  obliteration  of  the 
'^•ielB.  the  whole  organ  dwindles  away  soon  after  birth. 
^_  ,  S502.  From  the  thymus  there  may  be  extracted  by  means  of  saline  solu- 
^■BoD  1  form  i»f  globulin  or  a  proteid  allied  to  globulin  which,  like  the  corre- 
^B^P^inrting  bodies  from  lymphatic  glands  or  from  leucocytes,  seems  to  have 
^■lome  9|>erial  relations  to  the  formation  of  fibrin.     Thus,  as  has  already  been 
"  *i*l  {i  2'2),  a  solution  of  this  globulin-like  body  from  the  thymus,  injected 
inUt  the  veins  will  give  rise  to  extensive  intra-vascular  clotting. 


; 
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The  thymus,  like  the  other  bodies  on  which  we  are  now  dweJlinp,  is  also 
rich  ID  extractive?.  Thus  sauthin,  hypoxanthin,  tucin,  Jactic,  euccinic  aod 
other  acids  have  beeu  Ibuad  in  it. 

But  of  what  really  takes  place  iu  the  body  we  have  no  exact  knowledge. 
Since  the  thymus  is  best  developed  before  birth,  disappearing  after  birth  at 
a  rate  which  variea  much  in  ditterent  individuals  ana  still  mure  in  diifereni 
kinds  of  auinials,  aud  being  eventually  replaced  by  fat  and  conuective  tis«ue, 
it  is  obvious  that  its  chief  functions  are  in  some  way  asaociated  with  events 
taking  place  before  birth  or  in  early  life. 


The  History  of  Fat.    Adipose  Tissue, 


S  603.  Globules  of  fat  of  various  sizes  make  their  ap|>earauce  in  the  very 
element«  of  most  of  the  tissues,  in  muscular  fibres,  in  epitbelial  cells,  in 
nerve  cells,  in  leucocytes,  and  so  on  ;  and  the  medulla  of  mediillated  nerves 
consists  largely  of  a  peculiar  fatty  material.  Beisidea  this,  certain  cells  of 
connective  tissue  at  various  times,  and  in  various  place?,  become  so  loaded 
with  fat  that  groupn  of  the  cells  become  practically  masses  of  fat.  Connec- 
tive tissue  thus  loaded  with  fat  is  called  adipose  tissue;  and  masses  of  adi- 
po»e  tissue  of  all  manner  of  sixes  and  of  shapes  adapted  to  the  several  situa- 
tions are  found  in  various  parts  of  the  body.  Many  of  the  internal  organs, 
more  especially  the  kidneys,  are  wrapped  in  adipose  tissue;  but  the  largest 
deposit  is  one  lying  in  the  subcutaueona  tissue,  ^  433,  somettmea  called  the 
"  pauuiculua  adipoaus  "  ;  and  a  *'  fat "  body  is  distinguisfied  from  a  "  lean  " 
body  chieriy,  though  by  no  meansexclusively,  by  the amountof  subcutaneous 
adipose  tissue. 

Of  all  the  tissues  of  the  body  adipose  tissue  is  the  most  fluctuating  in 
bulk  ;  within  a  very  short  space  of  time  a  large  anntuut  of  adipose  tissue 
may  disappear,  aud  within  an  alnumt  equally  short  time  the  jjuaniity  present 
in  a  body  may  be  several  times  multiplied.  When  tc»o  much  or  too  little 
food  is  given  it  is  the  sub&iexjiiejit  adipose  tissue  which  first  and  roost  rapidly 
increases  or  decreases  in  bulk. 

>?  504.  A  small  piece  of  adipose  tissue,  examined  under  a  low  power, 
appears  to  be  made  up  almost  entirely  of  rounded  masses  of  highly  refrac- 
tive material,  closely  packed  together.  These  rounded  masses,  which  stain  an 
intense  black  with  fiamic  acid  and  give  other  reactions  of  fat.  are  arranged 
in  irregular  lobules;  between  the  lobules,  and  between  the  individual 
rounded  masses,  may  be  seen  a  small  amount  of  Hbrillated  connective  tissue 
carrying  bloodvessels. 

When  the  tissue  has  been  hardened  aud  stained,  and  the  fat  has  been  re- 
moved by  solvents,  what  was  previously  only  visible  as  a  roun<led  mass  of 
fot  is  now  seen,  under  higher  powers,  to  be  a  cell,  Init  a  cell  nearly  the  whole 
of  the  cell  substance  of  which  has  become  transformed  into  a  single  large 
vacuole.  Over  the'  gn^aier  part  of  the  circumference  of  the  cell  the  cell 
substance  is  reduced  to  a  mere  thin  shell  or  envelope,  or  cell  membrane,  but 
at  one  part  a  thicker  disc-like  remnant  is  seen,  aud  in  this  is  placed  a 
rounded  or  oval,  ollen  flattened  nucleus.  Between  these  fat-cells  may  be 
seen  a  few  bundles  of  conuective  tissue  forming  a  scanty  loose  network,  the 
rounded  meshes  of  which  are  occupied  by  the  fat-cells,  the  matrix  of  the 
bundles  appearing  at  places  continuous  with,  or  adherent  to.  the  envelopes 
of  the  colls;  ordinary  eonucctive-tiasue  corpuscles  are  also  here  and  there 
present,  though  rarely  visible  between  the  larger,  50/^  to  130 /i.  fat-celU.  In 
injected  specimens  it  is  further  seen  that  the  connective-tisaue  musbwork 
carries  small  bloodvessels,  which  form  capillary  networks  around  the  groups 
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^of  tat-cells  and  even  around  individual  cells.     After  death,  upon  cooling, 
'le  fat  in  the  fat-cells  may  solidity  in  crystals. 
It  is  obvious  that  a  fat-cell  is  a  cell  belon^lug  to  connective  tissue,  in   the 
cell  substance  of  which  fat  ha.s  been  collected  to  such  au  extent  that  the  cell, 
which  increases  largely  in  bulk  during  the  process,  is  alnaoet  wholly  trans- 
formed into  a  large  vacuole  iilled  with  fat,  the  cell  substance  being  reduced 
to  a  thin  envelope  of  the  vacuole,  thickened  at  one  part  where  the  nucleus, 
thrust  on  one  side  by  the  gathering  fat,  m  placed.     Adi|Hise  (issue  is  a  col* 
lection  of  such  fat-cells  held  together  by  a  meagre  quantity  of  vascular  con- 
nective tissue. 
^L     By  studyiug  the  development  of  adipose  tissue  in  the  embryo  or  else- 
^Bwhere,  we  may  trace  out  the  steps  of  the  formatioa  of  the  fat-cells.     In  the 
^Hfifubryo,  in  a  situation  where  adipose  tigime  is  about  to  be  formed,  the  cou- 
^^Bective  tissue  is  seen  to  contain  a  number  of  small  nncleHted  cells,  rounded 
^Hor  ti«uiiiewhat  irregular  in  form,  the  ce!!  substance  ol'  which  at  first  presents 
^Bho  special  characters,  and  contains  not  more  than  wiiat  maybe  called  the 
ordinary  am<tunt  of  fat  globules  or  S[)borules.     Very  soon,  however,  these 
.Kuinute  drops  or  specks  increase  in  number,  the  cell  substance  at  the  same 
Ime  increasing  in  bulk  while  remaining  round  or  becoming  more  distinctly 
id  the  smaller  drops  run  together  into  larger  ones  [Fig.  172].     This 


IFio.  172. 


DKKWiTtoy  <."r  Fat  t^  Conkk'-TIVk-tisw^e  Cemj*. 
'  /.  «.  cell  wlih  ft  ftw  iBOlaied  fiit-drnplets  in  Its  protoplum ;  J*,  a  c%11  wlih  a  siagla  lanre  and  sereml 
Ldqu  drops;  f,  tw\on  of  two  largo  drops;  p,  gimualar  or  plasnu  cell,  not  yet  exbtblUug  any  &t- 
■tciUon  ;  e.  /.,  flat  oinnectlve-tlasuc  oorpuscle*:  t:,:c,  network  of  caplILartes.] 


on  ;  the  fat  increasing  in  quantity  coalesces  more  and   more,  and  the 

>ll,  as  a  whole,  becomes  larger  and  larirer,  the  cell  substance  at  first  keep- 

ig  up  in  bulk  with  the  increasing  fst,  but  subsequently  censing  to  increase, 

(iuj:'  apparently  used  up  iu  the  formation  of  the  fat.     Thus  the  original 

lall  "  protoplasmic  "  cell  is  at  last  tranaformed  into  the  larger  fat-cell,  all 

le  fat  having  run  together  into  a  vesicle  the  envelope  of  which,  thickened 

one  side  to  carry  the  nucleus,  is  furnished  by  the   remnant  of  the  cell 

ibstJince.     In  some  cases,  the  nucleus  instead  of  being  pushed  early  on  one 

lide,  remains  central  though  the  collection  of  fat  has  become  considerable ; 

is.  however,  eventually  displaced.    The  whole  process  appears  very  similar 

'to  the  deposition  of  mucin  in  the  cells  of  a  mucous  gland,  S  235 ;  and  we 

may  by  analogy  infer  that  the  fat-cell  becomes  a  fat-cell  by  the  cell  manu- 

^icturing  fat  In  some  way  or  other,  and  depositing  the  tat  so  formed  in 

le  iutersticee  of  its  substance.     The  most  striking  superlicial  distinctions 
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Mem  to  be  that  in  the  nuicona  cell  the  grauules  or  sphenilea  remain  diacreie 
witbio  the  cell,  being:  separated  by  bars  of  cell  eubatiiiice,  whereas  in  the  fat- 
cell  the  globules,  wa  they  ioirti,  run  together  until  at  lant  they  uuite  iulo  a 
single  maas ;  and  further  that  while  in  the  mucous  cell,  even  when  most 
heavily  luatletl,  a  relatively  large  amuuut  of  active  tell  aubetauce  etill  re- 
mains,  in  the  fiU-cell  u  mere  remnant  is  left  »uA  that  chitfly  surrouading 
the  displaced  Ducleua. 

Some  (ihservers  are  of  opinion  that  the  cells  belonging  to  connective  tissue 
which  thus  becomes  fat-cells  r>f  adiptise  tissue  belong  exclusively  to  the  kind 
which  we  s^uke  of  na  plasma  cells,  ^  105  ;  but  thii^  is  doubtful.  Uthera 
again,  while  admitting  that  the  cells  which  become  far  ceils  resemble  in 
appearance  ordinary  couuective-tiasue  corpudcled  and  may  like  them  be 
branched,  believe  them  nevertheless  to  constitute  a  f[)ccial  kind  of  couuec- 
live-tiaaue  corpuscle,  being  led  to  this  view  by  the  fact,  that  though  adipoee 
tissue  is  very  geuerally  dietrihiited  thruughuui  the  connective  tissue  of  the 
body,  it  18  apt  lo  appear  in  particular  situations,  rather  than  in  others,  and 
in  some  tracts  of  connective  ti:^sue  never  tuider  normal  circurastances  makes 
itfl  appearance.  Others  again  nmintain  that,  under  favorable  circumstances, 
any  connective  tissue  corimficle  may  become  a  fat-cell. 

The  fat  In  the  interior  of  hmma  forming  the  yellow  marrow  appears  to 
have  the  same  general  Rtruciurt*  an«l  to  be  formed  in  the  same  way  as  the 
rest  of  the  adifjose  tissue. 

Ij  605.  The  fut  thus  deposited  in  a  fat-cell  aoouer  or  later  disappears.  It 
is  not  injected  bodily  into  the  surrounding  lymph-spaces  of  the  connective 
tissue,  hut  passes  away  either  into  the  blood  stream  or  into  the  lymphatics 
by  some  p^jcesses  not  as  yet  fully  understood.  The  shell  of  cell  subetauce 
which  fornts  the  envelope  of  the  fat-cell  is  probably  of  a  differentiated  nature, 
and  may  have  properties  which  assist  the  escape  of  the  fat;  but  on  this 
point  we  have  no  exact  knowledge.  The  disappearance  of  the  fat  appears 
tu  take  place  in  two  dillereut  ways-  On  the  oue  hand,  and  this  perbape  is 
the  more  ordinary  method,  the  fat  gradually  disappears,  little  by  little,  and 
the  rounded  distended  vesicle  gradually  assumes  the  characters  of  a  connec- 
tive-tiflsiie  corpuscle,  even  of  a  branched  one.  (_)n  the  other  hand,  especially 
when  the  disappearance  is  rapid  and  total,  the  space  previously  occupie*l  by 
fat  becomes  filled  with  a  clear  tluid  resenibling  lymph,  the  fat  vesicle  being 
transformed  into  a  lymph  vesicle.  This  condition,  however,  is  temporary 
only,  the  lymph  ia  subsequently  ahsorbed  an*!  the  vesicle  shrinks.  At  timee, 
the  emptying  of  the  cell,  whether  by  the  one  method  or  the  other,  is  followed 
by  a  rejuvenescence  of  the  cell,  the  nucleus  by  division  gives  rise  to  several 
nuclei,  and  the  cell  divides  inti>  new  cells^  each  of  which  may,  under  appro- 
priate conditinps.  develop  again  into  a  fat-cell. 

506.  The  fat  thus  lodged  in  adipose  tissue  varies  somewhat  in  composi- 
tian  in  various  animals,  but  is  chiefly  composed  of  olein,  palmitin,  and  stearin 
in  varying  pn)portion8,  with  small  quantities  of  the  glycerin  compounds  of 
such  fatty  acids  as  butyric,  capronic,  caprylic,  etc.,  together  with  a  little 
lecithin  and  choleslenn.  The  "fat"  of  one  animal,  that  is,  the  fat  thus  con- 
tained in  adipose  tissue,  differs  from  the  fat  of  another  animal  partly  by  the 
presence  of  more  c>r  less  of  one,  or  more  of  these  less  abundant  fats,  but 
chiefly  by  the  proportion  in  which  the  three  main  fats,  olein,  palmiiin.and 
stearin,  are  respectively  present  in  the  nuxed  fat.  The  melting-points  of 
these  three  fat«  being  ditf'eront,  the  melting-point  of  the  fat  of  the  body  will 
differ  according  to  the  relative  proportions  in  which  the  three  are  present. 
Thus  the  subcutaneous  fat  of  man  melts  at  from  15°  to  2*2°  or  higher,  the 
fat  round  the  kidney  being  firmer  and  not  melting  until  25°  ;  the  fat  of  the 
dog  melts  at  about  22°,  that  of  the  goose  at  about  25°,  of  the  ox  at  about 
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^40',  aod  of  the  sheep  at  50^,  the  less  resfstant  fat  of  the  man  an<I  dog 
crtiuininp  relatively  more  olein  than  that  of  the  ox  or  of  the  sheep. 

i  607.  When  we  come  to  mnsiiler  the  qufation,  By  what  processes  does 
iht  fill  make  its  appearaocf^  in  the  fat-cell  ?  wp  are  hroujjht  face  to  face  with 
rooch  the  tfame  kind  of  problem  as  that  which  occupied  tia  in  dealing  with 
glym?en.  On  the  one  hand  we  may  Hupp'«pe  thai  the  fat  i^  brouj^ht  to  the 
fkt'CplI  ns  fat  and  is  in  some  way  taken  np  by  the  cell  and  deposited  In  the 
cell  Bul»tan«Te  with  little  or  no  chaogre.  On  the  other  hand,  we  may  suppose 
tbit  the  fat  is  manufactured  by  the  fat-cell  in  aonio  Hiich  way  as  mucin  oi 
pepsio  is  manufactured  by  a  mucous  or  a  jrastric  cell,  out  of  and  by  means 
of  itff  cell  fluhBtance,  and  that  the  process  of  fattening,  or  of  produviii^  fat  in 
fkt'Cells,  consists  essentially  in  feedinf;  and  so  hiiildinf;  up  the  cell  e^uhstance 
wbich  subsequently  breaks  down  into  fat.  and  does  iic*t  consist  merely  in 
brinjfing  fat  within  reach  of  the  cell.  Which  of  these  vieivfi  is  the  tnie  one, 
Of  bow  far  are  both  these  operations  carried  on  in  the  animal  body? 

In  support  of  the  latter  view  it  may  be  urped  that,  nut  only  the  more 
ciiruplex  living  substance,  but,  as  we  have  more  than  once  urged,  the  simpler 
prnteid  constituent  of  living  substance  obviously  contains  what  we  may  call 
afHiiy  radicle,  so  that  we  mipht  expect  fat  to  l>e  formed  out  of  its  meta- 
Iwlisrn.  And  as  a  matter  of  fact  not  only  in  adipose  tissue,  but  in  every 
p«rl  of  the  body,  living  substance  is  continuously  tfivim^  rise  to  and  tempora- 
rilr  HefKwitinp  in  itself  some  amount  of  fat,  and  in  what  is  known  as  fatty 
detjeneration  there  seems  to  be  evidence  of  the  formation  of  fat  out  of  proteid 
mtterial. 

Oo  the  other  hand,  we  have  traced  the  fats  taken  as  food,  and  f^innd  that 

^y  pass  with  comparatively  little  change  from  the  alimentary  canal,  chiefly 

^f^ughout  the  intermediate  passage  of  the  lactenls.  into  the  blood,  from 

"bich  they  rapidly  disappear  afler  a  meal.     We  might  infer  from  this  that 

•"excess  of  fat  thus  entering  the  blood  wduld  naturally  be  disposed  of  by 

beiog  gifuply  stored  up  in  the  available  adipftiie  tissue  without  anv  further 

cbs-Oge;   we  can    imagine   that   the    fat,  not   imnieiliatply  wanted    by  the 

economy,  passes  in  some  way  from  the  blood  to  the  connective  tissue  (the 

*kUe  blood  corpuscles  which  appear  loadeil  with  fat  after  a  meal  possibly 

Winjf  as  inlerme<liaries"l,  and  that  the  connective-tissue  corpuscles  swallow 

^^  fat  brought  to  them  after  the  fashion  of  an  anuelm,  not  digesting  it  but 

Bfnply  keeping  it  in  store  until  it  is  wanted  elsewhere. 

W*bat  do  experiments  teach  on  this  matter? 

^ti  the  finst  place,  it  is  evident  that  in  an  animal  fattened  on  ordinary  fat- 
[^^ing  f«>od,  only  a  small  fraction  (if  the  fat  stored  up  in  the  body  can  posei- 
**\t  oome  direct  from  the  fat  of  the  f(H>d.  Long  ago  in  oppositiim  to  the 
^^^B  of  Dumas  and  his  school,  who  taught  that  all  construction  of  organic 
'"*tc?riBl,  that  all  actual  manufacture  of  living  substance  or  even  of  its 
"'[i^^nic  constituents,  was  confined  to  vegetables  and  unknown  in  animals, 
wWig  showed  that  the  butter  present  in  the  milk  of  a  ci»w  was  much  greater 
^*t»  could  be  accounted  for  by  the  scanty  fat  present  in  the  grass  or  other 
^"''ier  she  consume*!.  He  also  urged  as  an  argument  in  the  same  direction, 
~*t  the  wax  produced  by  bees,  which  though  having  a  different  composition 
"j**5**  fat  may  be  used  as  an  analogy,  is  out  of  all  proportion  to  tbe'wux  or 
*'li€s<i  b4>die«  contained  in  their  foo<i,  consisting  as  tnis  does  chiefly  of  sugar, 
~^^  it  has  since  been  shown  in  many  ways  that,  in  fattening  animals,  the 
*t  &c<;uniulated  in  the  body  cannot  be  accounted  for  by  the  fat  which  haa 
"^^^  taken  in  the  food.  It  has  been  proved  by  direct  analysis.  Thus  of 
two  young  pigs,  as  much  alike  as  possible,  of  the  same  litter,  one  was  killed 
^^  analyzed,  the  amount  of  fat  in  the  body  being  among  other  things  deter- 
ni^neil.     The  other  was  fattened  for  a  certain  length  of  lime  on  food  wboee 
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composition  was  kanwD,  and  thea  killed  and  analyzed.  It  was  foun<I  th&T 
for  every  100  parU  of  fat  in  the  food  472  parts  of  fat  were  8tore<i  up  iu  the 
body  during  the  fattening  period.  It  is  clear  that  fat  may  be  formed  in  the 
body  out  of  something  which  is  not  fat. 

Ij  508.  There  are  two  possible  sources  of  this  manufactured  fat.  The  car- 
bohydrates of  the  food  form  one  source.  In  treating  of  digestion  (^  283), 
we  referred  to  the  possibility  of  carhuhydrates  duriug  digestion  in  the  alimen- 
tary canal  becoming  by  fernientatioa  converted  into  butyric  acid  ;  and  we 
suggested  that  higher  and  more  comples  members  of  the  same  fatty  acid 
series  might  be  obtained  out  of  carbohydrates  by  somewhat  analogous 
changes,  carried  on.  however,  not  in  the  alimentHry  canal  by  means  of 
foreign  organized  fermente,  but  in  the  tissues  through  the  activity  of  the 
ti&snes  themselves.  We  cannot  as  yet  trace  out  the  steps  nor  can  we 
deBnitely  point  to  any  particular  tissues  other  than  the  fat-cells  themselvea 
as  the  seats  of  any  such  changes.  But  there  ran  be  no  doubt  that  carbo- 
hydrate material  does  in  some  way  "r  other  give  rise  to  fat,  A  carbohydrate 
diet  is  the  kind  of  diet  mont  eSicacinus  tti  productug  an  accumulation  of  fat 
in  the  body;  sugar  or  starch,  in  some  form  or  other,  is  always  a  large 
constituent  of  ordinary  fattening  foods. 

Another  source  of  fat  is  to  be  found  in  the  proteids.  We  have  seen  that 
the  urea  of  the  urine  practically  represents  the  whole  of  the  nitrogen  which 
passes  through  the  hmly.  Now  iu  any  given  quantity  of  urea,  the  amount 
of  carbon  is  far  less  than  that  found  in  the  quantity  of  proteid  coDtaiuing 
the  same  amount  of  nitrogen.  Thus  the  percentage  composition  of  the  two 
being  respectively, 

Bulphur. 
1. 13 

100  grms.  of  urea  contain  about  as  much  nitrogen  as  300  grms.  of  prot«id ; 
but  the  300  grms.  of  proteirl  contain  l^J)  grms.  (159-20)  more  carbon  than 
do  the  100  grms.  urea.  Hcnco  the  300  grms.  of  proteid  in  passing  through 
the  body  and  giving  rise  to  100  grms.  of  urea,  would  leave  behind  139  grms. 
of  carbon,  in  some  combination  or  other ;  and  this  surplus  of  carbon,  if  the 
needs  of  the  economy  did  not  demand  that  it  should  be  immediately  con- 
verted into  carbonic  acid  and  thrown  off  frnni  the  bi>dy,  might  be  deposited 
somewhere  in  the  fnrra  <if  fat.  It  hiis  been  calculated  that  in  this  way  100 
grms.  <»f  proteid  food  might  furnish  42  grms.  of  fat.  We  have  already  seen, 
in  treating  fif  the  action  of  the  pancreatic  juice  (§  249),  that  there  is  evi- 
dence of  a  fatty  element  (viz.,  leucin,  which  is  amido-caproic  acid,  and  to 
Mongs  to  the  fatty  acid  series)  being  thrown  *iff  from  the  complex  proteid 
compound  in  (he  very  proceiw  of  digestion  ;  and  tliough,  as  we  have  said,  wo 
have  no  proof  that  this  action  of  pancreatic  juice  takes  place  largely  in  thft 
normal  body,  its  value  as  an  example  is  none  the  less  important. 

Some  observers  have  pushed  this  view  of  the  production  of  fat  out  of 
proteids  sfi  far  as  to  insist  that  all  the  fat  formed  iu  the  body  arises  in  this 
way  out  of  proteid  material,  and  that  when  carbohydrate  food  gives  rise  to 
the  forftiation  of  fat  it  does  so  by  shielding  from  oxidation  the  carbon  moiety 
of  the  proteid  food  taken  at  the  same  time  and  thus  permitting  it  to  be 
stored  up  as  fat.  The  carbohydrate  itself,  they  argue,  never  becomes  fat  bat 
its  presence  allows  fat  to  be  formed  out  of  proteid  material.  Thia  view  has 
obviously  a  very  important  economical  bearing,  since,  if  it  be  tnie,  it  is  use- 
less to  increase  the  carbohydrate  material  of  food  for  the  purpose  of  fatten- 
ing, unless  a  sufficient  proportion  of  proteid  material  be  given  at  the  same 
time. 
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The  view,  however,  has  been  proved  to  be  unlenable  by  several  investiga- 
tioM  carried  out  on  different  animals.  It  haa  been  shown  that  an  animal 
npiiily  fattened  on  a  diet  consistingiif  pmteids  with  muoh  carbohydrate  will 
aiore  up  far  more  fat  than  can  |>(>8sibly  be  accounted  for  by  the  proteida  of 
the  diet.  Thus  a  do|r.  the  fat  in  whose  body  had  been  reduced  to  a  ininimum 
br  starvation,  was  fed  for  a  period  on  measured  quantities  of  proteids  and 
ctrbohyd rates,  and  killed.  The  amount  of  fat  found  after  death  in  his  body, 
makiug  full  allowance  for  the  fat  which  remained]  after  the  starvation  and 
Jorihe  fat  accompanying  the  proteids  in  the  meat  given  as  food,  was  found 
to  be  far  more  than  could  be  supplied  by  the  carbon  in  the  proteids  of  the 
food,  even  supposing  that  every  jnt  of  those  proteids  which  did  not  go  to 
mike  up  the  increase  of  the  proteid  '*  flesh  "  of  the  body  taking  place  during 
Ibe  fattening  was  used  for  the  purpose  of  formiug  fat.  Similar  experinieiita 
ofl  geese  and  pigs  have  led  to  attnilar  results;  and  if  fat  be  formeil  in  this 
way  in  the  bodies  of  caruivora  and  omnivora,  we  may  be  sure  that  the  same 
holds  good  for  the  bodies  of  herhivora.  We  may  therefore  conclude  that  fat 
^^  can  l>e  constructed  in  the  body  on  the  one  hand  out  of  proteid  material,  and 
^H  OD  the  other  hand  by  Home  direct  cnnversion  of  carbtrhyiirates. 
^B  ^509.  It  is  clear  then  that  a  construction  of  fat  di»es  occur  in  the  body 
^H  toiufwhere.  What  limits  can  we  place  ou  the  degree  to  which  this  construc- 
^"  tioD  is  carried  ?  When  the  food  contains  snfficient  actual  fat  to  account  for 
ibf  f*t  stored  up  in  the  body,  does  any  construction  of  fat  take  plat^e?  In 
tb«  tint  place  we  Hud  that  when  the  food  contains  abnormal  fats  such  as  are 
not  present  iu  the  body,  spermaceti  for  instance,  or  erucin  (from  rape-seed 
oil),  these  fats  are  not  to  be  found,  or  are  found  iu  very  small  quantity,  in 
the  fat  which  is  stored  up  in  the  body  as  a  consequence  of  a  large  supply  of 
tb»t  foixl.  In  theeccond  place  we  may  call  tr>  mind  the  statement  previously 
®ade,  that  the  composition  of  fat  varies  in  ditferent  animals.  The  fat  of  a 
nian  difJem  from  the  fat  of  a  dog,  even  if  both  feed  on  exactly  the  same  foo<l, 
raUy  nr  otherwise.  Were  the  fat  which  is  taken  as  foo*!  stored  up  aii  adi- 
p(*e  tissue  directly  aud  without  change,  recourse  being  had  to  other  sources 
^''fcod  for  the  construction  of  fat  only  in  cases  where  the  fat  in  the  fowl  was 
"tf  cient,  we  should  expect  to  find  that  the  nature  of  the  fat  of  the  body  would 
^Ky  greatly  with  the  fwfd.  So  far  from  this  being  the  case,  direct  experi- 
aieotf  show  that  the  fat  of  the  dog  is,  as  far  as  composition  is  concerned,  very 
JJOCely  independent  of  the  futxi,  that  the  normal  constituents  i)f  fat  make 
"*^ir  appearance  very  much  as  usual,  and  in  very  much  their  appropriate 
P'^^portion,  though  their  proportion  in  the  food  may  largely  vary,  and  though 
•***>©  of  them  may  be  wholly  absent.  Thus  in  one  experiment  the  fat  of  the 
^*y  contained  considerable  quantities  of  stearin  after  a  diet  free  from  stearin, 
'"^  in  another  preserved  the  normal  amount  of  olein  after  a  diet  free  from 
oleiQ, 

Of  course  it  is  quite  possible  that  in  such  cases  as  these,  though  the  stearin, 
**'  tHe  oleia,  when  absent  frotn  the  food,  was  in  some  way  or  other  constructed 
tDe^y^jat  the  same  time  those  constituents  which  were  present  were  simply 
*»riBd  up  ;  and  the  small  quantity  of  erucin  present  in  the  fat  of  the  body 
*"^r  feeding  on  erucin  must  have  been  directly  stored  up.  So  also,  when  an 
^'tial  is  rapidly  fattened  on  a  diet  consisting  of  a  small  quantity  of  proteid 
J*^l  a  large  quantity  of  fat.  the  amount  of  fat  storetl  up  may  be  too  great  to 
"*^«  come  from  the  proteids  of  the  diet,  in  which  case  we  may  infer  that  it 
^«  the  actual  fat  of  the  food  simply  deposited  in  the  fat-cells  of  the  body. 
Dili  even  in  this  case,  as  more  distinctly  in  the  others,  it  is  also  open  for  us 
^  «uppoee  that  all  the  fat  taken  as  food  was  in  some  way  or  other  disposed 
^^  and  that  all  the  new  fat  which  made  its  appearance  wan  constructed  anew. 
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And  the  laiier  view  is  more  perhaps  in  Jiarmony  wilh  the  bistologic&l  facta 
previiiusly  inentioaed,  as  well  a8bU[)ported  by  other  consideratioDB, 

Atlhe  present,  however,  we  may  be  content  with  the  folluwing  conclusions  ; 
1.  Fat  is  acUtaily  formed  in  the  animal  body,  and  the  fat  present  nt  any 
moment  in  the  body  is  not  exclusively,  if  at  all,  fat  merely  stored  up  from 
the  fat  of  the  food.  2.  The  carbon  elements  of  the  newly-formed  fat  may  be 
supplied  either  from  rarbobydrate  fooil,  or  from  the  carbon  surplus  of  pro- 
teid  food,  or  from  fata  taken  as  food  which  are  not  the  natural  conslituenis 
of  the  body-fat.  o.  The  fat  stored  up  appears  as  fat  granules  or  drope 
deposited  in  the  cell  subBtance  of  certain  cells,  and  the  increase  of  the  fat  in 
the  cells  Is  accomfmined  first  by  a  growth,  and  subsequently  by  a  consump- 
tion of  the  cell  substance;  but,  aa  iu  the  analogous  case  of  glycogen,  there 
is  no  complete  evidence  to  show  whether  the  fat  granules  which  appear  are 
simply  deposited  by  the  cell  substance  in  a  more  or  less  mechanical  manner, 
without  their  forming  an  iritej^ral  portion  of  that  cell  substance,  the  chief 
sta^^ea  of  the  maaufactiire  id' the  fat  having  been  gone  through  elsewhere,  or 
whether  they  arise  from  a  breaking  up,  a  fuuctioual  metabolism  of  the  cell 
aubiitaoce  of  the  fat  cell  itself;  the  latter  view  is  on  the  whole  however  the 
niiire  probable. 


The  Mammary  Gi.and. 


§510.  Sitice  milk  la  a  secretion,  and  indeed  an  excretion,  the  mammary 
gland  ought  not  to  be  classed  as  a  metabolic  tissue,  in  the  limited  meaning 
we  are  now  attaching  to  those  words.  Yet  the  metabolic  phenomena  giving 
rise  to  the  secretion  of  milk  are  so  markeit  and  distinct,  have  so  many  analo- 
gies with  the  purely  metabolic  events  which  take  place  in  adipose  tissue,  and 
so  (Strikingly  illualrate  iiietabolic  event-s  in  general,  thai  it  will  be  more  con- 
venient to  consider  the  matter  here,  rather  than  in  any  (»ther  connection. 

The  maniniary  glands  formed  like  a  sweat  gland,  ot  which  it  may  be  c<id- 
sidered  an  extrejoe  development,  by  an  ingrowth  of  the  Malpighian  layer  of 
the  epidertnis.  is  a  cotiipcMind  racemose  gland,  constructed  after  the  i^eneral 
plan  of  such  a  gland  and  thus  composed  of  branching  ducts,  ending  in 
secreting  alveoli. 

The  whole  organ  is  divided  by  connective-tissue  septa  into  a  number  of 
lobes,  in  woman  about  twenty,  each  of  which  possesses  a  distinct  duct,  open- 
ing by  a  separate  oriHce  on  to  the  nipple ;  the  gland 
in  fact  is  not  a  single  gland,  but  several  glands 
bound  together.  Each  lobe  is  further  divided  by 
connective-tissue  septa  into  smaller  Inbei;,  and  the 
division  is  repealed,  the  last  divisions  marking  out 
small  masses  called  lobttles  [Fig.  173].  The  main 
duct  supplying  a  lobe  branches  into  a  number  of 
email  duds,  each  of  the  ultimate  divisions  of  which 
ends  in  a  lubule. 

Within  the  lobule  the  duct  divides  into  a  number 

of  relatively  wide  tubules  which  pursue  a  wavy  or 

even  twisted  course,  and  bear  deep  lateral  bulging; 

these  are  held  together  by  a  comparatively  slight 

amount  of  connective  tissue.     Hence  iu  a  section  of 

a  gland,  each  lobule  appeani  to  be  composed  uf  a 

number  of  irregularly  round  spaces  or  alveoli,  which  are  the  sections  of  the 

tubules  and  the  bulginga,  and  which  at  some  parts  of  the  section  appear  to 

be  closed  spaces  and  at  others  to  communicate  with  each  other,  or  wilh  a 
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in  the  centre  of  the  lobule  leading  to  the  lumen  of  the  duct.  The 
loee  tbufl  presented,  at  least  by  a  Huckling  gUnd,  eoutraet  markedly 
with  tboee  of  au  ordinary  gland,  such  aa  the  submaxillary,  by  reason  of  the 
Ur^ alveoli  with  their  conspiruouely  wide  liimina,  often  occupied  by  remains 
of  the  milk. 

The  ducts  consist  of  an  epithelium,  resting  on  a  eonneclive-tiseue  basis 
whioh  in  the  case  of  the  main  ducts  is  strengtliened  with  longitudinally  <lis- 
piced  plain  muscular  HbreH,  cunllnuous  with  the  ttiuscular  f^ibres  present  in 
the  dermis  of  the  nipple.  Over  iho  greater  part  <d'  their  cuursu  tlie  duota 
ire  Hoed  with  n  single  layer  of  coUmjuar  epithelial  celis^  but  at  the  luuuths 
of  the  main  ducta  tin  the  uipple  these  pass  into  au  epidermis  of  more  than 
one  layer  of  flattened  cells.  Just  belore  ctpening  on  to  the  nipple  each  main 
duct  is  widened  into  a  flnsk-sbaped  enlargement.  At  the  termination  of  the 
BDiall  ducta  in  the  lobules^  the  columnar  epithelium  is  said  to  give  place  to 
flattened  cells,  so  that  this  part  of  the  duct  might  be  called  a  tluctule  corre- 
ipnoiling  to  the  ductule  of  a  salivary  gland. 

i  511.  The  appearances  presented  by  the  alveoli  differ  widely  according  as 
tlu'  gland  is  one  which  is  being  u^ed  for  suckling,  or  is  one  in  a  resting  or 
tiormant  condition,  that  is  t<t  say,  before  any  pregnancy  at  all  has  taken  place 
or  in  the  interval  between  two  suckling  periods.  In  the  suckling  gland  each 
alveolus  consists  of  a  basement  niembraue.  presenting  the  ugual  cbaracterSt 
Iise<)  with  a  single  layer  of  cells  leavinga  wide  lumen  ;  but  the  appearances 
pre«entei1  by  the  cells  diller  from  time  to  time  according  to  circumstances 
tihi  are  not  the  same  in  all  the  alveoli  at  the  same  time.  We  may,  however, 
difltjoguish  two  conditions  which, since  they  seem  to  correspond  to  the  loaded 
aiiii  discharged  conditions  of  an  ordinary  glaud,  we  tuny  call  the  loaded  and 
the  discharged  phase  re8[>ectively,  conditions  intermediate  between  the  two 
Wng  met  with. 

la  the  discharged  phase  the  alveolus  is  lined  by  a  layer  of  low  cubical  or 
eveti  flattened  cells,  so  that  the  relatively  large  area  nl  the  alveolus  is  almost 
^bolly  occupied  by  the  hinien  in  which  84)me  of  the  cunatituenta  of  the  milk 
ii»y  Hill  be  retained.  Each  cell  consists  of  granular  cell  substance  in  which 
1^  placed  a  rounded  or  oval  nucleus.  .S)metime8  the  free  edge  of  the  cell 
**  Jftgge<J  and  uneven  as  if  a  |H>rtion  of  the  free  border  had  been  torn 
**ar. 

In  a  fully  loaded  phase  the  appearances  are  rery  ditTereul.     The  alveolus 

•  now  lined  with  a  layer  of  tall  columnar  cells  projecting  unevenly  into  the 

lumen,  the  outline  of  which  ts  correspondingly  irregular  and  the  area  of 

"hich  is  much  reduced.     While  the  broader  base  itf  each  cell  rests  on  the 

'"•anient  membrane,  the  other  end,  conical  or  irregular,  stretches  toward  the 

^^tre  of  the  lumen.     Instead  of  one  nucleus,  two  or  even  more  are  now 

pr'teeDt.  one  well  formed  and  normal  being  place<l  nearer  the  base,  and  the 

'^"erw,  oAen  showing  signs  of  breaking  or  degeneration,  nearer  the  free  end. 

^*»*€lime8  constrictions  are  seen  whereby  the  free  peripheral  portion  of  the 

'^'^.  including  one  or  more  of  the  nuclei,  is  apparently  being  separated  from 

tae  basal  jKtrtion  in  which  the  remaining  nucleus  is  lodged  ;  and  occasionally 

P°*'liun»  or  fragments  of  cells,  nucleated  or  nucleusless,  may  be  seen  lying 

JP  the  cavity  of  the  alveolus.     In  the  cell  substance,  especially  toward  the 

"*^  b<irder  of  the  cell,  are  numerous  oil  globules  of  various  sizes  as  well  as 

P**iules  or  particles  of  other  nature;  some  of  the  larger  oil  globules  may  be 

'^tx  projecting  from  the  surface  as  if  about  to  be  extrudeil  from  the  cell ;  and 

'0  the  cavity  of  the  alveolus  oil  globules  with  a  thinner  or  thicker  coating 

"*  <N;1I  substance;  are  frequently  present. 

Hetwcen  stich  a  fully  loaded  phase  and  a  completely  discharged  phase 
^variouD  intermediate  conditions  may  be  observed,  the  cells  being  of  greater 
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or  lesB  height,  conUining  one  nucleus  only  or  more  than  one,  the  cell  sub- 
stance occupied  with  a  few  or  with  many  oil  globules  and  other  granulea, 
and  the  free  border  more  or  legs  jagged. 

Putting  these  fact£  together  ne  may  draw  the  ibllowiDg  conclusion,  which 
is  supported  by  other  evidence,  as  to  the  changes  iu  the  gland  which 
characterize  the  loading  and  the  discharge.  During  loading  the  low  fattened 
cell  of  the  discharged  alveolus  grows  rapidly,  elongating  into  the  cylindrical 
form » and  the  nucleus  gives  birth  to  two  or  more  new  nuclei.  Meanwhile 
active  metaboliaDi  ie  going  on  iu  the  cell  subgtance,  deposits  of  fat  as  well  as 
of  other  substances  are  taking  place.  By  what  seems  to  be  of  the  nature  of 
an  amceboid  movement,  some  of  the  oil  globules  (and  possibly  other  matters) 
are  extruded  from  the  cell,  much  in  the  same  way  that  an  amoeba  extrudes 
its  excrement.  But  besides  thia^  a  division  of  the  cell,  that  is  a  separation  of 
part  of  the  cell  substance  with  an  included  nucleus,  takes  place,  the  daughter- 
cell  thus  thrown  oil*  passing  into  the  alveolus  to  form  part  of  the  milk;  or 
a  budding  of  the  cell  occurs,  part  of  the  cell  without  a  nucleus  being  simi- 
larly cast  oH'  and  undergoing  a  similar  fate.  In  other  words  the  secreting 
cell  grows,  loads  itself  with  metabolic  pnxlucts,  and  when  loaded  gtvee  oB* 
bodily  part  of  itself  to  contribute  to  the  secretit^n,  part  of  the  cell,  and  that 
always  retaining  a  nucleus,  remaining  behind  in  order  to  secure  subsequeDl 
growth  and  further  secretion. 

The  secretion  of  milk  diHers  from  such  a  secretion  as  that  of  saliva,  and 
approaches  the  formation  of  sebum  (§  488)  inasmuch  as  the  transformed 
cell  substance  is  shed  bodily  to  form  part  of  the  milk.  We  say  form  part 
of  the  milk  because  this  gross  mode  of  secretion  is  accom{)anied  by  the  more 
ordinary  mode.  The  cells  are  at  the  aamo  time  in  the  more  ordinary  way 
discharging  into  the  luraen,  water  holding  saline  and  other  constituents  in 
solution.  And  the  peculiar  featuresof  milk,  as  we  shall  see  presently,  corre- 
spond to  this  double  mode  of  secretion.  Perhaps,  however,  we  ought  not  to 
call  it  a  double  mode,  for  the  one  method  really  passes  insensibly  into  the 
other.  The  discharge  of  sodium  chloride  in  solution  from  every  kind  of 
gland,  of  mucin  from  a  mucous  gland,  of  oil  globules  with  a  proteid 
envelope  from  a  mammary  gland,  and  lastly  of  nucleated  loaded  ceil  sub- 
stance from  the  mammary  gland,  present  so  many  different  phases  of  the 
same  act  of  secretitm. 

S  512.  The  dormant  resting  mammary  gland,  that  for  instance  of  an 
animal  which  has  never  been  pregnant,  is  much  smaller  than  a  suckling 
gland,  owing  to  the  alveoli  being  both  smaller  and  less  numerous.  Each 
alveolus  moreover  is  not  a  cavity  lined  with  a  single  layer  of  epithelium,  but 
a  solid  cyliniier  or  mass  of  comparatively  small,  rounded  or  polyhedral 
cells.  So  long  as  pregnancy  does  not  occur  the  growth  of  these  is  exceed- 
ingly slow,  and  the  products  of  such  metabolism  as  goes  on  in  them  are 
carried  away  by  the  blond,  so  that  under  normal  circumstances  no  secretion 
takes  place. 

When  pregnancy  occurs  rapid  growth  of  the  mamma  takes  place,  numerous 
new  alveoli  being  formed  by  budding,  but  all  for  a  time  remaining  solid 
cylinders  of  cells.  At  the  approach  of  the  birth  of  the  offspring,  the 
central  cells  undergo  metabolic  changes,  especially  a  fatty  transformation, 
and  either  before  or  afler  birth  are  c*8t  off,  leaving  a  single  layer  to  Hoe  the 
alveoli  and  to  carry  on  the  work  of  secretion  as  described  above.  It  is 
generally  supposed  that  these  shed  cells  supply  the  so-called  *'  colostrum  cor- 
puscles'* characteristic  of  the  first  milk,  of  which  we  shall  speak  presently. 
At  the  end  of  lactation  an  absorption  of  some  of  the  alveoli  tates  place, 
and  in  old  age  still  further  absorption  goes  on  with  great  dimioutiou  of  the 
luraina. 
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'  §613.  The  coDDective  tiwue,  joining  together  the  lobulea  of  various  Bizes, 
lurruuDiiing  the  lubules  and  running  in  between  tbe  projecting  blind  ends  of 
lb*«  alveoli  within  the  lobules,  is  rich  in  bloodvessels  which  form  capillary 
oelH'urks  round  the  alveoli;  it  also  carries  a  considerable  number  of 
Ijiiipbatic  veesels  which  arise  in  lymph  spaces  around  the  alveoli  and  else- 
where. Leucocytes  are  numerous  in  tbe  spaces  of  this  connective  tissue, 
ted  some  of  them  may  make  their  way  through  the  baeomeut  membrane 
tntl  between  the  ^crettng  cells  into  tbe  cavities  of  the  alvei^li  and  no  appear 
lu  the  milk. 

$514.  Tfte  nature  of  mifk.  Human  milk  has  a  specific  gravity  of  from 
1028  to  1034,  and  when  quite  fresh  possesses  a  slightly  alkaline  reaction. 
It  speedily  becomes  acid  ;  antl  cow*s  milk,  even  wheu  f^uite  fresh,  is  anme- 
timca  slightly  acid,  the  change  uf  reaction  taking  place  during  the  stagnation 
«r  tbe  milk  in  the  mammary  ducts. 
The  coDstitucnta  of  milk  are  : 

\.  Proteid*^  viz..  casein,  and  an  albumin,  agreeing  in  its  general  features 

Tilh  ordinary  serum-albumin,  but  which,  aincc  it  is  said  to  differ  aomewhat 

in  its  solubilities  and  rotary  power  from  serum-albuniiu,  hiia  been  called 

l/idalh%iv\in.     The  caseiu,  as  we  have  seen,  §  207,  undergoes  through   the 

actiun  of  rennin  a  change  whereby  insoluble  casein  ( tyrein)  makta  ita  appear- 

tnceand  tbe  milk  is  curdled.     Casein  may,  however,  be  precipitated  m  an 

unchanged  form  by   saturating  miik   with  neutral  salts,  or  by  the  careful 

idrfition  of  acetic  acid  to  diluted  milk,  or  by  first  adding  to  the  diluted  milk 

a  flight  quantity  of  acetic  acid  and  then  passing  thnmgh  it  a  stream  of 

carbonic  acid.     In  the  filtrate  the  presence  of  theTaclalbumin,  which  occurs 

ID  small  and  variable  quantities,  may  be  shown  by  coagulation  with  heat,  or 

f*?  precipitation  with  potassium  ferrocyanide,  etc.  In  the  process  of  curdling 

the  casein,  as  stated  in  §  207,  appears  to  be  not  simply  changed  into  tyreiu 

Init  to  be  split  up  into  tyrein  and  into  another  proteid.  which  unlike  the 

l^talbumin  is  not  coagulated  by  heat  and  which  appears  to  be  allied  to 

peptooe  or  a[bumo8e.     Tliis  or  a  similar  peptone-like  body  has  also  been 

'nuQd  in  small  quantities  even  in  milk  which  has  not  curdled;  it  has  been 

!*lie*|    lactoprotein.      The  lactalbumin,  though  coagulated  by   heat  wheu 

*''*^'ated,  is  not  m  coagulated  as  it  exists  in  the  natural  milk,  the  alkalinity 

*^  the  milk,  which  is  increased   by   boiling,   preventing  this.      Similarly 

^^in,  though  coagulated  by  beat  when  simply  suspended   in  water  alter 

^i^g  precipitated,  is  nut  coagulated  by  heat  when  it  exists  in  a  natural  con- 

QitioQ  iD  milk;  in  these  respects  casein  behaves  like  alkali-albumin,  which  it 

'B^dabiea  in  other  features  also.    Hence  milk  wheu  boiled  does  not  coagulate 

*&  whole,  though  in  the  superficial  layers  exposed  to  the  air  changes  take 

P^Oe  by  which  a  film  or  skin,  derived  chiefly  from  the  albumin  but  partly 

^'^Oi  the  casein^  appears  on  the  surface;  if  this  be  removed  a  fresh  portion 

"DderttO**  the  same  change.     The  peculiar  body  nuclein  which  aa  we  have 

"^^a  )a  2tJ,  is  a  complex  nitrogenous  body  diHering  in  compoeitlou  from  pro- 

^'^8,  is  also  present  in  milk    in  small  quantities,  and  according  to  some 

'^'^B^rvers  is  simply  8U8|>ended,  not  really  in  solution,  or  is  in  some  way 

l**^Uliarly  associated  with  the  casein. 

2.  Fats.  These  are,  in  the  main,  palmitin,  stearin,  and  olein  ;  but  other 
l^^.  supplied  by  butyric  and  other  fatty  acids  in  combination  with  glycerin, 
^^Cocnpany  the  above  in  small  quantities.  In  this  re8{>ect  the  fat  of  milk 
^'iB^lDDlea  that  of  adipose  tissue.  Lecithin  and  cholesterin  are  also  present 
y*  Very  small  quantity,  as  well  as  a  yellow  coloring  matter.  The  fat  present 
10  milk  ditfers  in  different  animals  aa  to  the  relative  proportion  of  olein, 
P^Ubitin.  and  stearin,  and  aa  to  the  kinds  and  relative  amount  of  the  other 
^er  fats. 
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The  mixture  of  these  fatSj  fluid  at  ordinary  temperatures,  is  present  in 
natural  milk  in  the  form  of  globules  of  various  sizes  but  for  the  most  part 
exceedingly  finiiill  {iu  man  from  2  t*  to  5  /^).  Milk  is  in  fact  a  typical  emul- 
sion, and  it  is  the  presence  of  the  eaaein  in  the  milk  which  hrin^s  about  the 
emulsion.  >Some  observers  mnintaiu  that  each  globule  of  f»it  is  surrounded 
by  au  envelope  or  menibraae  of  solid  uudissolved  cafiein  ;  but.  tbuugh  ua 
doubtedly  even  when  ihe  fat  ia  removed  frnm  the  milk  each  globule  remains 
surrounded  by  a  layer  <»f  milk  plasiua,  if  we  may  so  call  it,  rich  in  casein. 
there  are  no  adequate  reasons  for  thinking  that  the  casein  actually  forms  a 
membrane. 

On  standing  a  great  deal  of  tlie  ftft  collect?  on  the  top  of  the  milk  in  the 
form  of  cream,  hut  in  this,  as  in  the  butter  which  is  formed  from  it,  the 
globules  are  still  discrete,  so  long  at  least  as  the  butter  ie  "  fresh."  By  the 
use  of  a  centrifugal  machine  nearly  the  whole  of  the  fat  may  be  separated 
from  the  plasma. 

3.  Mififmyar  or  lactose.  Tliia  is  very  apt  to  undergo  fermentation  into 
lactic  acid,  through  the  agency  of  nn  organized  ferment;  the  milk  thus 
becomes  sour,  and  the  casein  is  precipitated  in  a  flocculent  form  when  the 
acid  is  produced  in  sufficient  (juaniity.  Since  the  change  will  take  plaoe 
even  when  every  care  is  taken  to  exclude  germs  from  theatmrwphere  having 
access  to  the  milk,  the  organized  fermeula  must  be  present  in  the  milk  in  the 
ducts  of  the  gland. 

4.  &ttU.  Though  traces  of  urea  and  kreatinin  have  been  noted  by  some 
observers,  the  extractives  of  milk,  bcyotirl  the  lecithin  auil  cholcsterin  already 
mentioned,  are  insiguilicnnt.  The  suits  are  of  more  imporluuce;  these  are 
chiefly  calcic  phosphate,  of  whose  function  iu  the  process  of  curdling  we 
spoke  in  |^  207,  and  potnssic  and  S'«dic  chlorides,  with  a  small  quantity  of 
maguesic  phosphate.  Sulphates  ap[)ear  to  be  absent.  A  small  quantity  of 
an  iron  sail,  is  present,  ami  traces  of  sulphocyanide  have  been  observed. 
Besides  the  phosphorus  in  the  actual  form  of  phosphates,  milk  contains  a 
further  considerable  quantity  of  phosphorus  in  the  proteida  and  in  the 
uuclein,  as  well  as  some  sulphur  in  the  former.  The  inorganic  corstitueuts 
of  milk  may,  broadly  speaking,  be  saiil  to  <8iHer  distinctly  from  those  of 
blood,  and  to  much  mure  nearly  resemble  those  of  the  entire  body. 

The  composition  of  milk  in  the  same  animal  varies  widely  from  time  to 
time,  and  besides  undergoes  marked  changes  duriitg  ihe  period  of  lactation. 
The  relative  general  composiiiou  of  human  milk  and  that  of  the  cow,  the 
mare,  and  the  bitch  may  perhaps  be  shown  by  the  following  table  ;  but  it  is 
difficult  to  draw  an  average,  since  the  individual  analyses  given  ditJer  so 
much;  the  Hgures given  for  casein  and  iat  in  the  milk  of  the  bitch  may  be 
unusually  high. 

Average  Composition  oj  Milk  in  DifferetU  Ammais, 


Womau. 

Cow. 

Alare. 

Bitch. 

Caaein,  etc., 

2 

4 

25 

10 

Fats, 

2.75 

4 

2 

10 

Su«ar. 

5 

4.4 

5 

3.5 

trails. 

0  25 

0.6 

0.5 

0.5 

Total  Solids. 

10 

13 

10 

24 

Water. 

'.H» 

87 

90 

76 

The  quantity  of  railk  secreted  by  a  woman  in  twenty  hours  at  the  height 
of  laclntion  has  been  calculated  at  700  to  800  c.c.  A  good  milch  cow  will 
yield  about  10  litres  of  milk  per  diem. 
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ii  515.  CofoMrum.  This  \a  the  name  given  to  the  milk  secreted  at  the  be- 
jfimiinjj  of  a  period  of  lactatiorj,  just  beiore  and  ibr  some  duvs  after  partu- 
ritinn.  This  milk  differs  from  the  subsccjueut  tutlk  in  microscopical  char- 
ACters  and  in  chemical  compositiou. 

Wbeu  ordinary  milk  is  examined  under  ibu  micrtwcope  hardly  anything 
if  «en  besides  the  fat  globules  except  a  very  few  imperfect  cells  or  jjoriions 
•if  cells,  consisting  of  cell  substance  more  or  less  loaded  with  Cut  and  con- 
taining sometimes  a  more  or  le»s  altered  fuiclens.  A  few  minute  granules, 
thought  by  some  to  be  particles  of  sus|)ended  casein  or  nuclein.  are,  however, 
aIbo  visible. 

Colostrum,  on  the  other  hand,  contains  a  large  nunil>er  of  cells  or  cor- 
puicles,  which  have  been  called  "colostrum  corpuecles/'  Some  of  these 
closely  resemble  leucocytes,  others  are  cither  cells  of  about  the  same  sise, 
round  or  irregular,  and  possessing  a  nucleus,  often  misshapen,  or  are  merely 
portiona  of  cell  substance  without  a  nucleus.  In  all  of  them  the  cell  sub- 
stwiee  may  be  loaded  with  fat  globules  or  may  be  fairly  free  from  fat.  S  tme 
I'f  these  cells  appear  to  be  undergoing  disintegration  ;  some  may  at  a  favor- 
able temperature  exhibit  slow  amfpboid  movements,  and  must  then  at  least 
He  regarded  as  living. 

Colostrum  also  ditfers  trom  ordinary  milk  in  containing  not  only  a  large 
uutotity  of  albumin  ( lactalbninin),  but  also  a  decided  amount  of  globulin. 
ID  consequence  of  this,  colostrum  diHers  from  milk,  inasmuch  as  it  is  dis- 
tinctly coagulatcnl  by  heat. 

Ai  stated  above,  during  the  rapid  growth  by  which  the  gland  is  enlarged 
traaratory  to  lactation,  the  alveoli  are  at  lirst  .stdid  masses  of  cells  with 
mtfe  or  no  lumen,  and  a  lumen  is  es)tabt(she<l  8ubsei]uently  by  the  discharge 
'if  the  central  cells.  It  is  usually  supptieed  that  the  cells  so  discharged, 
•ome  undergoing  much,  others  comparatively  Httle,  change,  supply  the 
^>lustruro  corpuscles  just  spoken  of,  and  at  the  same  time  furnish  the 
globulin  and  excess  of  albumin  also  characteristic  of  colostrum.  But  this 
IS  not  ceriain.  The  alveoli  at  this  time  contain  peculiar  cells  resembling 
•^loetrum  corpuscles  except  that  they  are  free  from  fat;  and  it  is  suggested 
^J»t  these  being  discharged  and  taking  up  fat  in  amoeboid  fashion  fiecome 
*WO«trura  corpuscles.  Some  regard  the  colostrum  corpuscles  as  simply  leu- 
^ytee  which  have  similarly  taken  up  fat. 

)i  516,  The  mammiiry  gland  is  present  both  in  the  female  and  the  male 

child  at  birth;  and  in  both  sexes  at  and  for  a  few  days  afier  birth  is  thrown, 

*"  eiinimon  with  all  the  other  secreting  glands,  into  secretory  activity,  and  a 

'ttiaU  quantity  of  milk,  the  "witches    milk,"  so  called  by  the  Germans,  is 

•hicharged  from  the  nipple.     The  milk  resemhle's  in  all  essential  ieaturca 

^^   milk  of  lactation.     In  both  sexes  this  initial  activity  soon  passes  off, 

^"^    gland  in  the  female  further    develofiiug   at  puberty,   but  in  the  male 

^o^aining,  save  in  exceptional  cases,  in  its  infantile  condition  or  somewhat 

'^^fograding. 

^  ^17.  The  secretion  of  milk.  From  what  has  been  already  said,  it  is 
""^*iou8  that  the  secretion  of  milk,  while  resembling  the  secretion  of  the 
"^^^r  secreting  glands  which  we  have  fltudie<l  in  lieiug  essenlially  an  activity 
"'  the  epithelium  cells  lining  the  alveoli,  nevertheless  presents  certain  in- 
'*''^«tmg  features  special  to  itself.  If  the  account  given  in  §  511  be  a  true 
'^^*  rotirpholngical  changes  in  the  cells  are  more  prominent  than  in  the  case 
^\  other  glands;  and  we  may  interpret  the  appearances  there  related  some- 
fnM  as  Ibllows:  When  the  discharged  gland  with  its  li»w  epithelium  begins 
"**  work  of  l(»ading,  the  cells  disiincily  *'  grow."  Their  cell  sulwtance  in- 
C'VMes  in  bulk,  and  elongating  projects  into  the  lumen  of  the  alveolus.  At 
^^  vme  time  the  nucleus  divides  as  if  the  cell  were  about  to  give  birth  to 

40 


626 


THE    METABOLIC    FB0CBS8K3    OF    THE    BODY 


new  cells;  but  at  first,  at  all  events,  no  division  of  the  cell  subHlanoe  lakes 
placcj  and  the  new  nuclei  lie  imbedded  in  a  common  cell  body.  The  cell 
substancn  meanwhile  puts  on  secretory  activity  ;  it  deposits  in  itself  material 
to  form  milk.  The  deposit  of  fat  is  conspicuous  aiid  easily  recognized,  but 
we  may  fairly  iiii'er  that  the  other  lees  easily  distinguished  proteid  aud  carbo- 
hydrate materials  are  deposited  in  the  cell  substance  in  a  similar  faahion. 
Then  follows  the  ejection  of  the  pre|>ared  material,  aud  this  may  take  place 
iu  one  of  two  ways.  The  oil  globules  of  fat  may  be  protruded  from  the  cell 
substance  much  in  the  i^nme  way  that  an  amwba  extrudes  its  excrement,  and 
|H*»^ibly  other  coiistituentM  of  milk  may  be  ejected  by  a  similar  method. 
But.  besiticH  this^  the  deferred  cell  division  now  takes  place  in  a  somewhat 
imperfect  fashion,  go  that  portions  of  the  old  cell  carrying  nuclei  with  them 
come  afiunder  from  the  rept  of  the  cell  in  which  a  nucleus  is  left,  and  lie 
loose  iu  the  Kimen  uf  the  alveolus  ;  portions  of  cell  substance  free  from 
nuclei  ap{>ear  also  to  be  cast  off.  Here,  in  the  lumen  of  the  alveolus,  they 
rapidly  undergo  change;  the  cell  auhalance  is  nltererl  and  dissolved,  and  iU 
load  of  prepared  material,  pntbably  undergoing  in  the  act  some  further 
change,  is  set  free,  the  nuclei  also  undergoing  change  and  becuniiDg  ulti- 
mately broken  up.  Hence  the  constituenti*  of  milk  are  provided  for,  not 
only  as  in  other  glands  by  the  material  with  which  the  cell  loads  itself  and 
subsequently  discharges  into  the  lumen  of  the  alveolus,  but  also  by  the 
actual  substance  of  part  of  the  cell  itself  The  characteristic  nuclein  of  the 
milk  ImK  thus  iis  origin  in  all  probability  in  the  Rhed  nuclei  of  the  ^creling 
cells,  aud  we  may  perhaps  infer  that  the  sLill  more  characteristic  casein 
exists  in  milk  in  the  J'ortti  of  rascin  and  not  oj'  some  other  proteid  in  conse- 
quence of  this  intervention  of  the  actual  cell  subetance  in  the  formation  of 
the  milk. 

It  is  hardly  necessary  to  add  that  these  bodily  contributions  of  the  secreting 
cell  to  the  secretion  are  accompanied  by  that  more  ordinary  part  of  secretion 
which  consists  in  the  flow  of  tiuid  containing  various  matters  in  solution 
through  the  cells  into  the  alveoli,  the  general  compoaition  of  the  milk  being 
thus  secure*!. 

§  518.  The  jiecretion  of  milk  then  would  np(>ear  to  illustrate,  even  more 
fully  and  clearly  than  do  other  glands,  the  truib  on  which  we  have  so  often 
insisted,  that  a  secretion  is  eminently  the  result  nf  the  metabolic  activity  of 
the  accreting  cell.  The  blood  is  the  ultimate  source  of  milk,  but  It  becomes 
milk  only  through  the  activity  of  the  cell,  tind  thai  activity  coneists  largely 
in  a  metabolic  manufacture  by  the  cell,  and  in  the  cell,  of  the  common  tilings 
brought  by  the  blood  into  the  special  things  present  in  the  milk.  Experi- 
mental results  tell  the  same  tale.  Thus  the  qtiantiiy  of  fat  present  iu  milk 
is  largely  and  <ljrectly  increased  by  proteid.  but  ni>l  increased — on  the  con- 
trary diminished — by  fatty  food.  This  etiect  on  the  mammary  gland  in 
particular  is  in  accordance  with  what  we  shall  presently  learn  to  be  the 
general  effect  ou  the  body  of  proteid  in  contrast  to  that  of  fatty  food ; 
proteid  food  seems  to  increaee  the  general  metabolic  activity  of  the  bodv, 
while  fatly  food  tends  to  lessen  it.  Moreover  the  proteid  food  seems  actually 
to  furnish  the  fat :  and  we  have  already  suggested  u  manner  in  which  pro- 
teids  may  give  rise  to  fat.  That  the  fat  of  the  milk  need  not  neceesarllv 
come  from  the  fat  of  the  food  is  shown  by  the  following  experiment:  A  bitch 
fed  on  meal  for  a  given  [)eriod  gave  off  more  fat  in  her  milk  than  she  could 
possibly  have  taken  in  her  fo^wi ;  ami  this  moreover  took  place  while  she  wa* 
gaining  iu  weight  and  "  laying  on  fat,"  so  that  she  could  not  have  supplied 
the  mammary  gland  with  fat  by  simply  transferring  fat  from  the  store  pre- 
viously exi«tiug  in  the  adipose  tissue  of  her  l>ody ;  she  apparently  obtaiood 
the  fat  ultimately  from  the  proteids  of  her  food.     And  the  histological  fud 
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given  above  favor  the  x'mw  that  the  fornmtiun  of  fat  out  of  proteids  in  such 
cnes  takes  place  in  the  cells  of  the  alveoli.  The  experimental  then  arf  well 
n»  the  histological  evidence  goes  to  show  that  the  fat  of  milk  is  formed  in  the 
cell  and  by  the  cell,  and  ia  uot  nimplv  guthertd  out  of  the  blood. 

The  casein  in  a  similar  way  seems  to  be  formed  bv  the  action  of  the  cell. 
It  cannot  be  gathered  out  of  the  bUH)d,  ^iuce  tlie  bUxHl  contHinn  no  real 
casein  ;  it  must  be  formed  in  the  gland.  Some  observers  have  maintained 
that  when  milk  is  kept  at  35°.  the  casein  is  increased  through  some  ferment 
action  taking  place  in  the  milk  it^If ;  but  this  seems  not  tu  be  the  c&<e.  and 
the  formation  of  casein  must  he  regarded  as  the  result  of  the  action  of  the 
c«ll.  Even  the  albumin  present  ap[)ear8  tu  be  nut  the  ordinary  serum- 
albumin  simply  passed  from  the  blood  through  the  cell  into  the  lumen  of 
the  alveolus,  but  the  slightly  dJHerent  laclalbuniin.  We  may  perhaps  regard 
the  albumin  as  less  ditticutt  to  nuinufaeture  than  the  casein  :  and  we  may 
tixptain  the  fact  that  relatively  to  the  albumio  the  casein  is  less  ut  the  very 
beginning  and  especially  toward  the  eml  of  lactatiou,  by  supjH>sin|:  that  the 
eell  has  iu  the  firbt  case  not  gi>t  into  full  working  order,  atid  in  the  second 
case  b  waning  in  power.  The  })eptone-like  boily  in  milk,  though  small  in 
({uaQtity.  ia  a  further  indication  ol  the  proteid  metubolism  taking  jilace  in 
the  cell. 

That  the  milk  sugar,  lactose,  also  is  formed  in  and  bv  the  cell,  is  indicated 
by  the  facts  that  it  is  fi>uiid  in  no  other  part  of  the  bony,  and  that  its  pres- 
sDce  in  milk  is  not  dependent  on  carbohydrate  food,  for  it  is  maintained  in 
ftbuudance  in  the  milk  of  caruivora  when  these  are  fed  exclusively  on  meat, 
u  iree  as  possible  from  any  kind  of  sugar  or  glycogen.  A  glycogen-like 
body  baa  moreover  been  dej^criheil  as  existing  in  the  cells,  and  it  is  suggested 
tbu  this  body  is  the  antece<lettt  of  the  laotof^. 

We  thus  have  evidence  in  the  mammary  gland  of  the  formation,  by  the 
iB6tabolic  activity  of  the  secreting  cell,  of  the  representatives  of  the  three 
P^Bt  classes  of  food-stutfs,  proteids.  fats,  and  carbuhydrates.  It  is,  of  course, 
suite  true  that  all  the  cell  has  to  do  may  be  simply  to  turn  aside  into  the 
special  casein,  tiats,  and  lacti^e  the  general  supply  of  proteids,  fats,  and 
*fbohydrates  brought  to  it  in  the  blood,  without  these  ever  becoming 
•ctaally  part  of  the  cell,  the  formation  of  fat  out  of  proteid  spoken  of 
TOve  taking  place  in  some  other  part  of  the  body.  Still  it  is  open  for  us 
^•appose  that  they  are  all  three  formed  in  the  cell  itself  out  of  the  com- 
P'ehensive  living  cell  substance.  If  we  accept  the  latter  view,  we  may  look 
"[H^n  what  is  taking  place  in  the  mammary  cell  as  a  picture  of  what  is 
jpiug  on  iu  various  living  tissues.  If  the  fat  of  the  milk  were  not  ejected 
*h>tn  the  mammary  cell,  the  mammary  gland  would  become  a  mass  of 
^lipose  titwue,  especially  if,  by  a  slight  change  in  the  metabolism,  the  pro- 
''uciion  of  fat  were  exalted  at  the  expense  of  the  production  of  casein  or 
ttnlk-sugar.  If,  again,  by  a  similar  slight  change  the  milk-sugar  were 
*ccuroulat€<l  rather  than  the  fat  or  proteid,  we  should  have  a  result  which, 
V  %ii  easy  step,  would  bring  us  to  glycogenic  tissue.  And,  lastly,  if  the 
pfpteid  accumulation  were  greater  than  the  fatty,  or  the  saocharioe.  these 
*•*>»£  carried  ofl  in  some  way  or  other,  we  should  have  an  image  of  the 
^Qtrition  of  such  a  tissue  as  muscle,  in  which  the  proteid  constituent  is  in 
^oeas  of  the  others, 

5  S19.  That  both  the  secretion  and  ejection  of  milk  are  under  the  control 
^  the  nervous  system  is  shown  by  common  ex]>erience,  but  the  exact 
:**rvnu8  mecbanuim  has  not  yet  been  fully  worke<]  out.  While  the  erection 
of  the  nipple  ceases  when  the  spinal  nerves  which  supply  the  breast  are 
'^tvidsd,  the  aeoretion  continues,  and  is  not  arrested  even  when  the  sym- 
p^etic  as  well  as  the  spinal  nerves  are  cut. 


CHAPTER    V. 


NUTRITION. 


The  Statihtics  ok  Ni-tritiox. 


§  520.  The  precediog  chapter  has  shown  us  bnw  whollv  inip4w«blr  tt  v 
nt  present  to  master  the  metabolic  phenomena  of  the  iMMjy,  liy  ntifinpn' 
trace  out  forwani  or  backward,  the  several  chanj^  undcrgiuie  by  ihr  i  n 
vidual  cotiRtituentK  of  the  tm»(l,  the  body,  or  the  wnflle  priwjurt«.  Awjtktr 
method  is,  however,  o\Hin  to  us,  the  statistical  method.  We  may 
the  totiil  income  and  the  total  exf>enditure  of  the  Ixxly  dnrtng  ■  gi\ 
period,  and  by  conitiaring  the  two  may  be  able  to  draw  c<mrliiMoD»  com 
LDg  the  changes  which  munt  have  taken  plice  in  the  b<Mly  while  the  U 
was  being  converted  into  the  output.  Many  researches  have  brvn 
out  by  this  method  ;  but  valuable  as  are  the  results  which  have  been  UMivby 
gained,  they  must  be  received  with  caution,  since  in  this  nielbcHl  of  ii 
a  small  error  in  the  data  may.  in  the  process  of  calculation  and  infc 
lead  to  most  wrong  ctmclusions.  The  great  use  of  such  inquire*  is  to 
gest  ideas,  but  the  viewM  to  which  tiiey  give  rise  need  to  be  verified  ia  otber 
ways  before  they  can  acquire  real  worth. 

V-oiHpoitUion  of  ihr  auiiiutl  body.     The  first  datum  we  reijuire  is  a  knowi* 
edge  of  the  c<jm|Mtfiition  of  the  Ixxly,  as  far  as  the  relative  prf>portion  of 
various  tissues  is  concerned.     In  the  human  body  the  prt!|K)rtion»  br  «« 
of  the  chief  tissues,  in  the  fresh  state,  are  probal>ly  somewhat  as  folnm: 


Skelflton  . 
MaaolcB 

Thoracic  viwcm 

Abdouiinal  vir<cvrH 

l-nt 

Skin 

Urain 


horesoK. 

15.9 

1 : 

17.T 
22^ 

auj» 

\  ^ 

I5-* 

Ad  analysis  of  a  cat  has  given  the  following  result : 


Muscles  and  lendonn 
llones      .... 
Skin  .  ■       .- 

Mestmttfr)'  nnd  adipose  tissue 
Liver        .... 
Blood  (escaping  at  death) 
Other  organs  and  tissues 


t%o 


1  ^ 
44.7 


One  point  of  importance  to  be  uoticeil  in  these  analyse*  i*  that  tb«    „_ 

tuuBclea  form  nearly  half  the  body ;  we  have  alrv*ady  aeen  (§  •^)  tkml  aJbtmt 
a'*juarter  of  the  total  blood  in  the  l>ody  is  contained  in  tbeoL,  and  hart 
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^^HIt  ($485')  insUied  that  a  large  part  of  the  metabolism  of  the  body  ie 
UPPbq  on  in  the  raiisclfs.  Next  to  the  mtiscleH  we  riuist  plac<^  the  liver,  for 
tboagfa  far  leea  in  bulk  than  them,  it  is  ctiibject  to  a  very  active  metabol- 
iim;  this  \a  suggested  by  the  fact  that  it  alone  may  hold  about  a  quarter  of 
the  whole  blood,  and  ia  altto  indicated  by  the  numeroua  facta  brought  before 
ut  iu  the  preceding  chapter. 

J  521.  The  starving  body.  Before  atteiBptitig  to  study  the  influence  of 
food.it  will  be  useful  to  ascertain  what  changes  occur  in  the  bwly  when  all 
food  is  withheld.  A  cat  of  known  weij^ht  was  HtarveH  for  thirteen  days. 
At  the  beginning  of  the  period  the  body  was  presumed  to  have  the  composi- 
tvm  given  above  ;  at  the  c)<Me  of  the  porifKl  a  direct  analysin  of  the  body 
VIS  made.  From  this  it  appearwi  that  during  the  hunger  period  the  cat 
had  loit  784  grammes  of  solid  iiiateriaK  of  which  248.8  were  fat  and  118.2 
niucle,  the  remainder  being  derived  from  the  other  tisaueH.  The  [lercent- 
•gctof  drv  solid  matter  lost  by  the  more  important  tiaauea  during  the  period 
irere  an  foflows : 

Per  ccDt. 

Adipose  tissue 97  0 

Spleen     .        .                 63.1 

Liver                                        56.6 

Muw-lcfl m2 

Blrx)d 17.6 

Brain  and  spinal  cord 0.<^ 

Thug  the  \oB&  during  starvation  fell  most  heavily  on  the  fat,  indeed  nearly 

the  whole  of  this  disappeared.     Next  to  the  fat,  the  glandular  organs,  the 

liwitt  which  we  have  seen  to  be  ennnentty  metabolic,  aufilired  most.     Then 

w»me  the  muscles,  that  is  to  say,  the  skeletal   muscles,  for  the  U«s  in   the 

|»Mrt  was  very  tritling;  obviously  this  organ,  on  account  of  its  importance 

in  carrying  on  the  work  of  the  economy,  was  spared  as  much  as  pusflihio ;  it 

■win  fact  fed  on  the  rest  of  the  bo<ly.     The  same  remark  applies  to  the 

l>raiu  and  spinal  cord;  in  order  that  life  might  be  prolonged  as  much  as 

pQ^ible,  these  important  organs  were  nourished  by  material  drawn  from  less 

B^le  organs  and  tissues.     The  blood  suffered  proportionally  to  the  general 

'^ody-wMte,  becoming  gradually  le.sfl  in  bulk  but  retaining  the  same  specific 

p«vity ;  of  the  total  dry  proleid  oonatiiuenta  of  the  body  17.3  \yer  cent,  was 

'•"'t,  which  agrees  very  closely  with  the  17.6  per  cent,  dry  material  (almost 

»h(dly  proteid)  lost  by  the  blood.     It  is  worthv  of  remark  that  the   tissues 

^  general  become  more  watery  than  iu  health.     Similar  observations  on 

^ther  animals  have  led  to  similar  results,  the  chief  discordance  being  that  in 

fOttJe  cases  the  bones  have  suffered  considerable  loss,  in  others  comparatively 

••^Ne.     We  might  be  inclined  to  infer  from  these  data  the  concluHiona  that 

'^^bolism  is  most    active    in    the  adipose  tissue,  next  in  such  metabolic 

~*UeB  as  the  hepatic  cells  and  spleen-pulp,  then  in  the  muscles^  and  so  on ; 

^^  we  have  no  warrant  for  these  conclusious.     Because  the  loss  of  cardiac 

"D^  nervous  tissue  was   so  small,  we  must   not,  therefore,  infer  that  their 

'wtabolism  was  feeble;  they   may  have  undergone  rapid   metabolism,  and 

yet  have  been  preserved  from  loss  of  substance  by  their  drawing  upon  other 

tMQes  for  their  material.     The  great  loss  of  adipose  tissue  is  obviously  to 

be  explained  by  the  fact  that  that  tissue  is  essentially  a  storehouse  of  mate- 

rift),  and  the  similarly  great  though  less  l(»ss  in  the  spleen  and  liver  iudi- 

Ottfii^  as  indeed  the  facts  recorded  in  the  previous  chapter   suggest,  that 

tb«w  organs  too  serve  in  part  as  storehouses. 

During  this  starvation  period,  the  urine  contained  in  the  form  of  urea 
'tad  that  practically  represents  all  the  nitrogen  of  the  urine)  ^11.1  grammoB 
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of  nitrogen.  Now  the  amount  of  muscle  which  was  lost  during  th»?  |jenod  con- 
tained about  15.2  of  nitrogen.  Thus,  more  than  half  tlie  nitrogen  of  the 
output  durinp;  the  starvation  perioi^  must  have  come  ultimately  from  the 
metabolism  of  niUHcular  ti^^ue.  This  fact  we  have  already  used  in  discus- 
ping  the  history  of  urea  and  nhall  have  occasion  to  make  further  use  of  it 
hereafter.  The  aniount  of  urea  excreted  per  diem  has  been  observed  in 
some  cases  to  fall  very  rapidly  ihiriiig  the  fir»t  day  or  two  of  atarvatiou,  and 
then  todimini.sh  gradually,  thoii)|rh  often  showing  considarable  irregularities. 
In  other  cases  no  such  large  initial  fall  has  been  observed.  It  is  most 
marked  in  animals  which  have  been  well  fed  before  the  beginning  of  the 
starvation,  especially  in  those  which  have  had  a  rich  nitrogenous  diet ;  and 
the  discharge  in  these  cases  of  an  extra  quantity  of  urea  in  the  first  day  or 
two  \»  obviously  connected  with  tfml  immediate  effect  of  food  on  the  excre- 
tion of  urea  to  which  we  have  already  (I;  4^8)  referred  and  to  which  we 
shall  have  to  return  in  speaking  oi"  what  is  known  as"  luxus-consumption," 

Comparieon  of  Income  and  OiUptd  of  Materied. 

§  522.  Method.  We  have  now  to  inquire  how  the  elements  of  food  are 
distributed  in  the  excreta,  in  order  that,  from  the  manner  of  the  distribu- 
tion, we  may  infer  the  nature  vt'  tiie  intermediate  stages  which  lake  place 
within  the  body.  By  comparing  the  ingei^ta  wit!»  the  excreta,  we  shall  learn 
what  elements  Inive  been  retained  in  the  body,  and  what  elements  appear  in 
the  excreta  which  wtre  not  present  m  tin;*  food  ;  fr(tni  these  we  may  infer 
the  changes  which  the  body  has  undergone  through  the  influence  of  the  food. 

In  the  tirst  place,  the  real  inc<^ine  must  be  distinguished  from  the  appveDt 
one  by  the  subtraction  of  the  feces.  We  have  seen  that  by  far  the  greater 
part  of  the  fece^  is  undigested  matter,  i.  c.  food  which,  though  placed  in  the 
alimentary  canal,  has  not  really  entered  into  the  body.  The  share  in  the 
feces  taken  up  by  matter  which  ha.s  been  excreted  from  the  blood  into  the 
alimentary  canal,  ij#  so  small  that  it  may  be  neglected  ;  certainly,  with  regard 
to  nitrogen,  the  wh(*!e  ouantity  of  thia  element  which  !.'?  present  in  the  feces 
may  be  regarded  as  indicating  8im[)ly  uuiligeated  nitrogenous  matter. 

The  income,  thus  corrected^  will  consist  of  so  much  nitrogen,  carbon, 
hydrogen,  oxygen,  sulphur,  phosphorus,  saline  matters,  and  water,  contained 
in  the  proteids,  fats,  carbohydrates,  salts,  and  water  of  the  food,  toirether  with 
the  oxygen  absorbed  by  the  lungs,  skin,  and  alimentary  canal.  The  output 
may  be  regarded  as  consisting  of  (1)  the  respiratory  prtnlucts  <if  the  lungs, 
skin,  and  alimentary  canal,  consisting  chielly  of  carbonic  acid  and  water, 
with  suiall  quantities  of  hydrogen  and  carbureLled  hydrogen,  these  two  latter 
coming  exciuaively  from  the  alimentary  canal ;  (2)  of  perspiration,  consist- 
ing chiefly  of  water  and  s-alts,  f(»r  ihe  dubious  excretion  (see  ^  439)  of  urea 
by  the  skJu  may  be  neglected,  and  the  other  organic  constituents  of  sweat 
amount  to  vt^ry  little ;  and  (3)  of  the  nrine.  which  is  Rssumed  to  contain  all 
the  nitrogen  really  excreted  by  the  body,  besides  a  large  '[uantity  of  valine 
matters  and  of  water.  Where  great  accuracy  is  required,  the  total  nitrogen 
of  the  urine  ought  to  be  determined ;  it  is  maintained,  however,  that  no 
errors  of  serious  importance  ari^e  when  the  urea  alone,  as  deterinineil  by 
Liebig's  method  (which  was  largely  used  in  the  researches  forming  the  basis 
of  the  present  discussion),  is  taken  as  the  measure  of  the  total  quantity  of 
nitrogen  in  the  urine,  since  in  this  method,  other  nitrogenous  bodies  besides 
urea  are  precipitated,  and  so  contribute  to  the  quantitative  result.  It  has 
been,  and  indeed  still  is.  debated  whether  the  body  may  not  suffer  Ittsa  of 
nitrogen  by  other  channels  than  by  the  urine  and  feces,  whether  nitrogen 
may  not  leave  the  body  by  the  skin,  or,  indeed,  in  a  gaseous  state,  by  the 
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l«ng».  The  balance  of  the  conflictiug  evidence  seem^,  however,  in  favor  of 
the  view  ihatno  such  loss  takes  place.  It  would  appear  that  th«»ugh  nitrogen, 
the  pivot,  BO  to  speak,  of  the  chemical  changes  of  living  beiajfa,  forms  so 
Urge  a  portion  of  the  atmottphere,  and,  moreover,  is  pbyijlcalty  diHused 
thumgh  the  bodies  of  both  plants  and  animiiU,  free  nitrogen  ia  of  no  chemical 
\itie  to  either  of  them.  It  enters  into  and  renmius  in  tiietr  bodies  as  an  inert 
•uhBUnL-e,  and  the  nilmgon  which  leaves  a  plant  or  unimal.  in  a  gaseous 
iCat«,  iA  dimply  a  part  of  the  same  inert  supply,  and  does  not  come  from  the 
bmkiag  up  of  the  nitrogenous  Bubstances  or  the  body  or  of  the  food. 

Of  these  elements  of  the  income  and  output,  the  nitrogen,  the  carbon,  and 
th«  free  oxygen  of  reopiration  are  by  fur  the  m<h<t  important.  Since  water  is 
of  uje  to  the  body  for  merely  mechanical  purpiwes.  and  not  solely  as  food  in 
the  »lrict  sense  of  the  won!,  the  hydrogen  element  becomes  a  dubious  one; 
the  sulphur  of  the  protcids  and  the  phosphorus  of  the  fats  are  insigniHcant 
in  amount;  while  the  saline  matters  stand  on  a  wholly  diHereut  foijting  from 
the  other  parte  of  food,  inasmuch  a.**  they  are  not  sources  of  energy,  and  pass 
thruugh  the  body  with  comparatively  little  change.  The  body-weight  must, 
of  ootirse,  be  carefully  ascertained  at  the  beginning  and  at  the  end  of  the 
period,  correction  being  made  where  pnflsihle  for  the  feces. 

It  will  be  seen  that  the  labor  of  such  impiiries  is  considerable.  The  urine, 
vrhich  luust  be  carefully  kept  sefmrate  from  the  feces,  requires  daily  measure- 
rwiil  and  analysis.  Any  loss  by  the  skin,  either  in  the  form  of  sweat,  or,  in 
the  case  of  woolly  animals,  of  hair,  must  be  estimated  or  accounted  for.  The 
food  of  the  period  must  be,  as  far  a^  possible,  unif)^rm  in  character,  in  order 
that  the  analyses  of  specimens  may  serve  faithfully  for  calculations  involv- 
iii|;the  whole  (quantity  of  food  taken;  and  this  is  especially  the  case  when 
the  (lift  is  a  meat  one,  since  portions  of  meat  differ  so  mtich  from  each  other. 
Hill  the  greatest  ditficulty  of  all  lies  in  the  estimation  of  the  carbonic  acid 
produced  and  the  oxygen  consumed.  In  .some  of  the  earlier  reeearches  this 
Iwtor  was  neglected,  and  the  variations  occurring  were  simply  guessed  at, 
ihfiHigh  which  very  serious  errors  were  introduced.  No  comparison  of 
iDMtQe  and  output  can  be  considered  satisfactory  unless  at  least  the  carbonic 
•fid  produced  be  directly  measured  by  means  of  u  respiration  chamber. 
Aod  in  order  that  the  comparison  should  be  really  complete,  the  water  given 
^  by  the  skin  and  lungs  must  be  directly  measured  also  ;  but  this  seems  to 
^  more  difticult  than  the  determination  of  the  carbonic  acid. 

Ib  tlie  plaD  originally  adopted  by  Regnuult  and  Kc'iset.  and  followed  by  some 
^ttber  obscvrers,  the  animiil  experimented  on  is  allowed  t>i  breathe  a  limited  and 
atmosphere.  The  carboni<:  aciJ,  as  fast  as  it  is  formed,  is  tixed  and 
"moved  by  a  strong  solution  of  cinistic  jMJt-ash.  and  the  normal  perccntaffe  of 
•*ygen  in  the  atmosphere  is  maintained  by  a  supply  uf  this  gas  from  a  sas-holder. 
^J  this  way  both  the  oxygen  consumed  and  tl»e  oarbonic  acid  produced  arc 
*"'W/{/  determined,  while  the  continual  supply  of  fresh  oxygen  prevents  any  evil 
•fcttsdue  to  breathing  a  confined  portion  of  air.  In  order,  however,  to  avoid  all 
PMible  errors  ari^ins  from  a  too  restricted  atmosphere,  a  different  method  has 
^No  sdupted  by  Pettenkofor  and  Voit.  Their  apparaiu!«  consists  essentially  of  a 
•nfB  chamber,  capable  of  holding  a  man  comfuriahly.  By  means  of  a  steam* 
tovine  a  current  of  pure  air.  measured  by  a  jgosometer,  is  drawn  throut^h  the 
cbaoiber  Measured  portions  of  the  outgoing  air  are  from  time  to  time  withdrawn 
J6<l  analyzed  ;  and  from  the  data  afforded  by  these  analyses,  the  amounts  of  car- 
bonic ncid  land  other  Rases)  and  uf  water  viven  off  by  the  occupant  of  the  chamber 
«pnt)e  a  aiven  time  are  determined.  The  oxygen  consumed  is  not  determined 
i&ecOy  i  but  if  the  total  amoimts  of  carlwnic  acid  and  of  water  ifiven  out  by  the 
^hnpt  and  skin  are  ascertaineil,  and  the  amount  of  urine  and  feces  known,  the 
^iMutity  uf  oxyjren  consumed  may  be  arrived  at  by  a  simple  calculation.  For 
"muy  the  difference  between  the  terminal  weight,  plus  all  the  egesta  and  the 
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ioitial  weight  plus  all  the  iiifieata,  can  be  nnthinir  e]fM3  than  the  weight  of  the 
oxygen  abflorbtj'l  (luriiijf  (!ie  iK-riod.  Thi.'j  luethod  iti  turn,  however,  ia  also  opeo 
to  objections,  slncu  uiimite  error.i  in  the  anuIyseK  of  the  t^niall  »auipleft  of  air 
empluved  fur  the  deterTuinations  nttr^in  considerable  diiuensions  when  thejse  are 
multiplied  so  as  to  give  the  chiingcs  in  the  whole  luasn  of  stir  passed  throu|;h  the 
apparutuB.  It  secuis,  moreover,  iindesirnbic  to  leave  the  quantity  usca  of  so 
important  an  element  m*  oxygen  to  be  detenuitied  by  indirect  calculations. 

Let  us  imagine,  then,  an  experiment  of  this  kind  to  have  been  completely 
carried  out ;  that  the  nnimaVi*  iniliul  mid  terminal  wei|;;ht8  have  been  aecu- 
rately  determined;  the  compoBitiou  of  the  food  satisfactorily  known  to  consist 
of  Sit  mueh  proteid,  fat,  CHrbohydmteHr  sake,  und  water,  and  to  contain  so 
mucli  uitrogeu  and  carbon  ;  the  weight  of  the  feces  and  the  nitrogen  ihey 
contain  aBcertaiiied  ;  the  nitrogen  of  the  urine  <leterntiued ;  the  carbonic 
acid  and  water  given  otf  by  the  whole  body  earefully  measured,  and  the 
amount  of  oxygen  absorbed  calculated — what  interpretation  c4in  be  plac^ 
on  the  resuUa? 

Let  ub  suppose  that  the  animal  bae  gained  )«■  in  weight  during  the  period. 
Of  what  does  w  ooneist?  Is  it  fat  ci  proteid  niuterial  which  U&^  be«u  laid 
on,  or  sirnply  water  which  has  been  rtMained,  or  some  of  one  and  some  of  the 
other?  Let  us  further  suppose  that  the  nitrogen  of  the  urine  passed  during 
the  period  is  less,  say  by  x  grammes,  than  the  nitrogen  in  the  food  taken, 
after  deduction,  of  course,  of  the  nitrogen  in  the  feces.  This  means  that 
a:  grammes  of"  nitrogen  have  been  retained  in  the  body;  and  we  may  with 
reason  inJer  that  they  have  been  retained  in  the  form  of  proteid  material. 
We  may  even  go  further,  and  yay  that  they  are  retained  in  the  form  of  tlesh, 
I.  e.,  of  muscle.  In  this  inference  we  are  going  somewhat  beyond  our  tether, 
for  the  nitrogen  might  be  stored  up  as  some  proteid  constituent  of  the  hepatic 
cells  or  of  some  other  tisai;e ;  indeed,  it  might  be  for  the  while  retained  in 
the  form  of  some  nitrogenous  crystalline  body.  But  this  last  event  is 
unlikely  ;  and  if  we  use  the  word  **  flesh  "  to  mean  nitrogen  (proteid)  holding 
living  substance  of  any  kind,  we  may  without  fear  of  any  great  error  reckon 
the  deficiency  of  j  grammes  nitrogen  as  tlie  storing  uj)  of  <t  grammes  tlesh. 
There  6  til  I  remain  w  —  «  grammes  of  increase  to  be  accounted  for.  I>»i  us 
BUp|Mise  that  the  total  carbon  of  the  egesta  has  been  found  to  be  y  grammes 
less  than  that  of  the  ingesta  ;  in  other  word^,  that  r/  graiuiues  of  carbon  have 
been  stored  uji.  Some  carbon  has  been  stored  np  in  the  flesh  with  the 
nitrogen  just  considered  ;  this  we  must  deduct  from  y.  and  we  shall  then 
have  y'  grammes  of  carbnu  to  account  inr.  Nuw  there  are  only  two  prin- 
cipal forms  in  which  carbon  can  be  stored  n[i  in  the  b^xly — as  glycogen  or  as 
fat.  The  former  is,  even  in  most  tavorable  cases»  inconsiderable,  and  we 
therefore  cannot  err  greatly  if  we  consider  the  retention  of  y'  grammes  carbon 
as  indicating  the  laying  on  of  6  grammes  fat.  If  u  -j*  ^  are  found  equal  to 
w,  then  the  whole  change  iu  the  economy  is  known  ;  if  u: —  (a  +  t*)  leaves  a 
residue  c,  we  infer  that  in  addition  to  the  laying  on  of  flesh  and  fat  some 
water  has  been  retained  in  the  ey&tem.  If  w  —  (a  -f  ^)  gives  a  negative 
quantity,  then  water  must  have  been  given  off  at  the  same  lime  that  flesh 
and  fat  were  laid  on.  Iu  a  similar  way  the  nature  of  a  loss  of  weight  can  be 
ascertained,  whether  of  fleah,  or  fat,  or  of  water,  and  to  what  extent  of  each. 
The  ciireful  comparisim,  the  debtor  and  creditor  account  of  income  and  out- 
put, enaldes  us,  with  the  cautions  rendered  necessary  by  the  assumptions  just 
now  mentiunod,  to  infer  the  nature  and  extent  of  the  bodily  changes.  The 
results  thus  gained  ought,  of  course,  if  an  account  is  kept  of  the  water  taken 
in  and  given  out,  to  agree  with  the  amount  of  oxygen  consumed,  and  also  to 
tally  with  the  conclusions  arrived  at  concerning  the  retention  or  the  reverse 
of  water.  ^^ 
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Hiving  thu8  studied  the  method,  und  seen  its  weaknesses  as  well  as  its 
I'jength,  we  may  briefly  rt»view  the  results  which  have  been  obtained  by  its 
meatu. 

^  523.  Niiroffenorm  mdaholimu  When  a  meal  of  lean  meat,  as  free  at*  poa- 
sihle  from  fat,  is  given  to  a  dog,  which  has  previously  been  deprived  of  food 
for  some  time,  and  whose  body,  therefore,  is  greatly  deticient  in  flesh,  it 
might  be  expected  that  the  larger  part  of  the  food  would  be  at  once  stored 
np  to  supply  pressing  deflciencies,  and  that  only  the  smaller  part  would  l>e 
immediately  worked  ofl'as  urea  corresponding  to  the  nitrogenous  raetabolisra 
going  on  in  the  body  at  the  time,  increased  somewhat  by  the  labor  thrown 
oD  the  ecoDomy  by  the  very  presence  of  the  food.  This,  however,  is  not  the 
CMS  as  far  as  the  nitrogen  of  the  meal  is  ctmcerned  ;  the  larger  portion 
piaci  oil  as  urea  at  once,  and  only  a  comparatively  small  qMantity  is 
reUioed.  If  the  diet  be  continue<l,  and  we  are  sunposin;;  the  meaU  jl^iven 
to  be  Urge  ones,  the  proportion  of  the  nitrogen  whicn  u*  given  ofl'  in  the  form 
of  urea  goes  on  increasing  untit  at  last  a  condition  is  established  in  which 
the  nitrogen  of  theegesta  exactly  equals  that  of  the  ingestJi.  This  condition, 
which  is  spoken  of  as  "  nitrogennuis  equilibrium,"  is  attained  in  dog>;  with  an 
«xclunvely  meat  diet  only  when  large  quantities  of  food  are  given,  and  it  is 
not  easily  maintnined  for  any  length  of  time.  The  exact  quantity  i»f  meat 
r«<)uire<l  to  attain  nitrogenoui»  equilibrium  varies  with  the  previous  condition 
of  the  dog  ;  equilibrium  is  frequeuily  attained  when  1500  or  1800  grammes 
of  meat  are  given  daily. 

Thus  the  most  striking  eflect  of  a  purely  nitrogenous  diet  is  largely  to 
increase  the  nitrogenous  nietjiholism  of  the  body ;  and  we  shall  see  later  on 
'hat  it  increases  the  metab<.dism  not  only  of  the  nitrogenous  but  also  of  the 
•^ther  constituents  of  the  body. 

The  establishment  of  nitrogenous  equiUbrium  does  not  mean  that  a  body- 
wiuilibrium  is  established,  that  the  body-weight  neither  increases  nor  dtmin- 
iftW  On  the  contrary,  when  the  nieal  necessary  to  balance  the  nitrogen  is 
» Isrge  one,  the  body  though  it  is  neither  gaining  nor  losing  nitrogen  may 
pin  in  total  weight ;  and  the  increase  is  proved  by  calculation  trom  the 
income  and  output,  and  indeed  by  actual  examination  of  the  body,  to  be  dae 
to  the  laying  on  of  fat.  The  amount  so  stored  up  may  be  far  greater  than 
can  possibly  be  accounted  for  by  tiny  fat  still  adhering  to  the  meat  given  aa 
food.  We  are  therefore  driven  to  the  conclusion  that  the  proteid  food  is 
•plit  into  a  urea  moiety  and  a  fatty  moiety,  that  the  urea  moiety  is  at  once 
•Jiacbtrged,  and  that  such  of  the  fatty  moiety  as  is  not  made  use  of  directly 
hy  the  body  is  stored  up  as  adipose  tissue.  And  this  disruption  of  the  pro- 
^,  as  we  have  already  (I;  48^)  suggested,  explains  at  the  same  time  why 
^meftt  diet  so  largely  and  immediately  increases  the  urea  of  the  egesta. 

The  characteristic  effect  of  proteid  i'fxxl  to  increase  the  metabolism  of  the 
hodjr  is  shown  on  other  animals  besides  the  dog,  and  not  only  by  means  of 
<*lculaiions  of  what  ia  su|»po8ed  to  take  place  in  the  body,  but  also  by  direct 
•wlyBis.  Thus  the  analysis  of  the  body  of  a  pig,  which  had  been  fed  on  a 
known  diet,  compared  with  tJie  analysis  of  that  of  another  pig  of  the  same 
'''t«r,  killed  at  the  time  when  the  Rn^t  was  put  on  the  Bxed  diet,  gave  as  a 
fttull  that  of  the  dry  nitn>genous  material  of  the  frnxl  only  about  7  i>er  cent. 
*w  laid  up  as  dry  proteid  material  during  the  fattening  period,  though  the 
unounl  of  pn)teid  fo<Kl  was  low.  This  contrasts  strongly  with  the  amount 
'ii  fat  stored  up  during  the  same  period  (see  §  o07).  Himilar  obBervations 
ctrried  out  on  sheep  showed  that  in  these  animals  the  storing  up  of  nitroge- 
iu>u>  material  was  even  less,  only  about  4  f>er  cent,  of  that  given  in  the  food. 

Every  quantity  of  proteid  material  taken  into  the  alimentary  canal  thus 
re  to  affect  proteid  metalmliam  in  two  ways.    On  the  one  hand  it  excites 
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a  rapid  proteid  metabotism  giving  rise  to  an  immediate,  and  generally  large, 
increase  of*  urea;  on  the  other  liand«  it  serves  to  maintain  tlie  more  regutkr 
normal  proteid  metabolism  continually  taking  place  in  the  body,  and  so  con- 
tributes to  the  normal  regular  discharge  of  urea.  It  seems  very  natural  to 
suppose  that  the  proteid  which  plays  the  tiret  of  these  two  parts  is  not  really 
built  up  int<t  the  tissues,  does  not  l>ecome  actual  living  substance,  but  under- 
goes the  change.s  which  give  nse  to  urea  outside  the  actual  living  substance 
in  the  blood  or  elsewhere;  and  we  have  seen  rhat  nn<Jer  the  influence  of  the 
pancreatic  juice  some  of  the  proteid  food  may  undergo  the  greater  part  of 
such  a  change  while  it  is  as  yet  within  the  uUmentary  canal.  Hence  has 
arisen  the  very  natural  distinction  to  which  we  have  already  alluded  between 
"  tissue  proteids"  or  "  morphotic  proteids"  which  are  actually  built  up  into  the 
living  substance  of  the  tissues  and  give  rise  to  urea  through  the  metaboliBm 
of  living  substance,  and  "circulating  proteids"  or  "floating  proteids"  which 
do  not  at  any  period  of  their  career  within  the  body  become  an  integral  pari 
of  the  living  substance  and  by  their  metabolism  set  free  energy  not  in  the 
way  of  vital  manifestationii,  but  in  the  furm  of  beat  only.  We  shall  later  on 
consider  what  is  the  exact  meaning  which  we  ought  to  attach  to  the  words 
**  becoming  part  of  the  living  (substance ;"  and  hence  shall  defer  until  then 
any  discussion  of  the  appropriateness  of  these  phrases  and  of  the  validity  of 
the  distinction  which  they  formulate. 

It  was  once  thought,  as  we  shall  presently  see  erroneously,  that  the  exclu- 
sive purpose  of  proteid  food  was  lo  -supply  the  proteid  tissues,  and  that  all 
the  energy  set  free  in  the  body  in  vital  manifesftatioDs,  such  as  movement  and 
the  like  as  distinguished  from  heat,  had  it*  origin  in  proteid  metabolism,  the 
metabolism  of  fats  and  carbohydrates  giving  rise  to  heat  only.  Hence  when 
it  first  l>ecame  known  that  a  certain  proportion  of  proteid  food  apparently 
underwent  a  metaboHstn  giving  rise  to  heat  only,  without  becoming  part  of 
the  tissues,  this  st^med  to  be  a  wasteful  expenditure  of  precious  material: 
and  the  metabolii*m  of  this  portion  of  proteid  food  was  accordingly  spoken  of 
as  a  '' luxus-cimsurnptiou,"  a  wasteful  consumptiuu. 

Before  leaving  this  subject  we  may  call  attention  to  a  ponible  analogy 
between  the  hi*ttory  of  proteids  and  that  of  fate  and  carbohydrates.  The 
nnif<>rm  composition  of  the  blood,  which  the  body  seems  ever  striving  U) 
maintain,  probably  applies  to  its  proteids  as  well  as  to  its  other  constitueui^. 
We  have  seen  that  a  surplus  of  nun-nitrogenous  materials  in  the  blood  is 
withdrawn  from  the  circulation  and  stored  up  as  fat  or  glycogen,  and  it  is 
pos!«ib]e  that  an  excess  of  proteids  might  similarly  be  stored  un  in  some  tissue 
or  tissues,  in  the  hepatic  cells  for  instance,  though  from  the  facts  previously 
mentioned  it  is  obvious  that  the  power  of  storage  is  far  less  than  in  the  case 
of  fats  and  carbohydrates.  Such  a  store  of  proteid  matter  would  represent 
a  sort  of  cir.ulating  prt^tcid,  but  nevertheless  for  its  Hnal  metabolism  might 
have  to  form  an  integral  part  of  some  living  tissue  unit. 

i;  524.  The  effects  of  fatty  and  of  rarbohydraie  food.  Inlike  those  of  proteid 
foijd,  the  effects  of  fats  and  carbohydrates  cannot  be  studied  ulone.  When 
an  animal  is  fed  simply  on  non-nitrogenous  fuod,  death  soon  takes  place; 
the  food  rapidly  ceases  to  be  digested,  and  starvation  ensues.  We  can  there- 
fore only  study  the  nutritive  effects  of  these  substances  when  tbey  are  taken 
together  with  proteid  material. 

When  a  small  quantity  of  fat  is  taken,  in  cnimpany  with  a  Bxed  moderate 
quantity  of  proteid  material,  the  whole  of  the  carbou  of  the  food  reappean 
in  the  egesta.  No  fat  is  stored  up;  some  even  of  the  previously  existing  fat 
of  the  body  may  he  consumed.  As  the  fat  uf  the  meal  is  increased,  a  point 
is  soon  reached  at  which  carbon  is  retained  in  the  body  as  fat.  So  also  with 
starch  or  sugar;  when  the  quantity  of  this  is  small,  there  is  no  retention  of 
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cvboo;  u  soon,  however,  as  it  is  increased  beyund  n  certain  limit,  earbon  is 
Itond  up  in  the  Ibrm  of  fat  or,  to  a  sinaller  extent,  ws  glycogen.  Fata  and 
cirbnhyd rates,  therefore,  ditter  markedly  from  proteid  food  in  that  they  are 
oots'i  distinctly  provocative  of  metaholisni.  This  is  exceedingly  well  shown 
io  the  reeulta  obtained  on  the  pig  previouely  mentioned.  It  was  found  that 
4T'J  units  of  fat  were  laid  on  for  every  100  unit*  of  fat  taken  as  such  in 
the  fiKtd  (which  consisting  of  barley-meaJ,  etc.,  contained  a  very  small  amount 
of  actual  fut  J,  while  for  every  100  units  of  the  total  dry  mm-uitrogeuoua  food 
including  fat.  starch,  celluloae,  etc.,  no  less  than  '1\  units  were  retained  in 
the  hikiy  in  the  form  of  fat.  No  clearer  pnwf  than  this  could  be  afforded 
thill  fat  is  formed  in  the  body  out  of  something  whicfi  ia  not  fat.  In  §  508 
we  litve  already  discussed  this  formation  of  fat  <jut  of  carbohydrates. 

As  one  might  imagine,  the  presence  of  tat  or  carbohydrates  in  the  food  is 
foaDd  to  decrease  the  amount  of  proteid  nmterial  necessary  to  establish  nitro- 
genous equilibrium.  For  iustauee,  with  a  diet  of  '^00  gnus,  meat  and  loO 
ri.  fat,  the  nitrogen  in  the  ege^ta  became  e<]i]al  to  that  in  the  ingesta  in  a 
^.  in  whose  case  l8iHt  grms.  meat  ha<l  to  be  given  to  produce  the  same 
reeull  in  the  absence  of  fats  or  carbohydrates. 

Od  the  other  hand,  it  was  found  that,  with  a  fixed  cjuantity  of  fatty  or 
earlNibydrate  food,  an  increase  of  the  accompanying  proteid  led  not  to  a  stor- 
ing up  of  the  surplu.«  carbon  contained  in  ine  extra  <juantity  of  proteid,  but 
to  tn  increase  in  the  consumption  of  carbon.  Proteid  food  increases  not 
obIy  proteid  but  also  non -nitrogenous  metabolism.  This  explains  how  an 
excrsg  of  proteid  food  may,  by  the  increase  of  general  metaboHem,  actually 
refluce  the  fat  of  the  body. 

We  have  at  present  no  exact  information  concerning  the  nutritive  differ- 
cncn  between  fats  and  carbohydrates,  beyond  the  fact  that  in  the  Hnal  com- 
btition  of  the  two,  while  carbohytlral-es  require  sufficient  oxygen  to  combine 
with  lb«ir  carbon  only,  there  being  already  sufficient  oxygen  in  tJie  carbo- 
h?drate  itself  to  form  water  with  the  hydrogen  present,  fats  recjuire  in  addition 
vxvgen  to  combine  with  8f>me  of  their  hydrogen.  Hence  in  herbivora,  living 
l*rgeiy  on  carbohydratee,  a  larger  portion  of  the  oxygen  consumed  reappears 
iQ  iht  carbonic  acid  of  the  egeata  than  in  carnivora,  in  which  animals,  living 
cfajerty  im  proteids  and  fata,  more  of  it  leaves  the  body  combined  with  hydro- 
CBQlo  form  water.  This  relation  of  the  oxygen  Lo  the  carbonic  auid  is  often 
tfprcMed  as  the  quotient  of  the  volume  of  the  carbonic  acid  expired  divided 

CO 

^y  the  volume  of  the  oxygen  consumed,  the  "respiratory  quotient,*'    .y-*, 

*hioh  is  in  herbivora  about  0.9  and  in  carnivora  almut  0.6  or  0.7.  When  a 
"♦rbivorous  animal  starves,  it  feeds  on  its  own  fat,  and  under  these  circura- 
fUncei  the  respiratory  quotient  falls  into  the  carnivorous  standard;  and 
*<l«ed  many  circumstances  affect  this  respiratory  quotient.  The  carhohy- 
'fites  are  notably  more  digestible  than  the  fats,  but  on  the  other  hand  the 
■»  OOQtaiu  more  potential  energy  in  a  given  weight.  As  to  the  nutritive 
•Mferenre  between  starch  and  sugar,  we  know  nothing  very  definite;  it  has 
°*n  thought,  however,  that  cane-sugar  is  rather  more  fattening  than  starch. 
4  425.  The  effects  of  ricLatin  obJooH.  It  is  a  matter  of  common  experience 
^t^tirelfttin  will  not  supply  the  place  of  proteids  as  a  constituent  of  fooil. 
Animals  fed  on  gelatin  together  with  fat  or  carbohydrates  die  very  much  in 
^  same  way  as  when  they  are  fed  on  non -nitrogenous  material  alone. 
^'vertbeleM  it  would  appear,  as  might  be  expected,  that  the  presence  of 
iditin  in  food  is  not  without  effect.  This  nitrogenous  equilibrium  is  estab- 
nriisd  at  a  lower  level  of  real  proteid  fo(xi  when  gelatin  ii  a<lde<L  In  a  dog, 
BHireover,  fed  on  a  diet  of  gelatin  and  fat,  the  excess  of  nitrogen  in  the  excreta 
AWr  that  in  the  ingesta  is  lees  than  when  the  same  dog  is  fed  on  a  diet  of  fat 
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alone;  that  is  to  say,  the  gelatin  has  sheltered  from  metabolism  someproteuT 
constituentB  of  the  body  ;  an<l  the  couauruption  of  fat  seems  also  to  be  lessene^l 
by  the  presence  of  gelniin.  The*te  facts  become  intelligible  if  we  suppose  that 
gelatin  is  rapidly  split  up  into  a  urea  and  a  fnt  moiety  in  the  same  way  that 
we  have  seen  a  certain  quantity  of  proteid  material  to  be.  It  is  this  direct 
destructive  metabolisra  of  proteid  matter  which  gelatin  can  take  up ;  it  seems, 
however,  unable  to  imitate  the  other  function  ot  protetd  matter,  aud  to  take 
part  iu  the  formation  of  living  substance;  or  in  the  phraseology  of  a  pre- 
ceding paragraph  (§  523),  it  can  take  the  place  of  circulating  but  not  of  tissue 
proteid.     What  is  the  cause  of  this  difiercnce  we  cannot  at  present  say. 

§523.  Peptone  as  foot!.  Since  proteids  are  at  least  largely,  as  we  have  seen 
(§  310),  converted  into  and  absorbed  as  peptone,  aud  since,  as  we  have  also 
seen,  the  peptone  appears  during  the  very  act  of  absorption  to  be  reconverted 
into  some  other  form  of  proteid  matter,  possibly  serum-albumin,  it  might 
seem  natural  to  supp<ise  that  [)eptoDe  given  as  food  would,  as  far  as  meta- 
bolism is  concerned,  play  the  same  part  as  other  proteid;*.  Nevertheless^ 
some  observers  have  maintained  with  regard  to  both  neplones  and  the  allied 
albumoaes  that,  like  gelatin,  these  bodies  "can  take  tne  place  of  circulating 
but  not  of  tissue  pn^teid."  On  the  whole,  however,  the  evidence  goes  to 
show  that  animals  can  **lav  on  flesh"  when  the  proteid  in  their  fo*>d  consists 
entirely  of  peptone  or  a]bumt»se.  A  difficulty  appertaining  to  digestion 
prevents  any  large  substitution  of  peptune  for  ordinary  proteids.  since  as 
might  l>e  expected  diarrhiea  is  npt.  to  be  set  up. 

?;  527.  The  effects  of  mlttf  an  food.  All  fo<»d  contains,  besides  the  substances 
possessing  potential  energy,  which  we  have  just  studied,  certain  saline  mat- 
ters, organic  and  inorganic,  having  iu  themselves  little  or  no  such  potential 
energy,  but  yet  either  absitlutely  necessary  or  highly  beneficial  to  the  hotly. 
These  must  have  important  functions  in  directing  the  metabolism  of  the 
body;  the  striking  distribution  of  them  in  the  tissues,  the  prepimderauce  of 
sodium  imd  chlorides  in  blood-serum  and  of  potJissium  and  phosphates  in  the 
red  cor[)uscie8,  ftu*  instance,  must  have  some  tneaning;  l>ut  at  present  we 
are  ju  the  dark  concerning  it.  The  element  phosphorus  seems  no  le«8  impor- 
tant, from  ft  biological  point  of  view,  than  carbon  or  nitrogen ;  it  is  as  abso* 
lutely  essential  for  the  growth  uf  a  lowly  being  like  penicillium  He  for  man 
himself.  We  finl^  it  probably  playing  aii  iinpiirtant  part  as  the  conspicuous 
constituent  of  leciihiu  and  other  oumplex  ikts  belonging  to  the  nervous 
system ;  we  lind  it  prominent  in  the  peculiar  body  nuclein ;  we  find  it  pecu- 
liarly associated  with  the  proteiils,  but  we  cannot  explain  its  rSle.  The 
element  sulphur,  again,  is  only  second  to  phosphorus,  and  we  find  it  as  a  con- 
stituent of  nearly  all  proteids;  but  we  cannot  foretell  the  exact  changes 
which  would  take  place  in  the  economy  if  all  the  sulphur  of  the  food  were 
withdrawn.  In  the  kreaiin  of  the  epidermis  and  its  appendages,  hairs,  etc., 
it  is  probably  undergoing  excretion,  though  im  presence  in  this  body  may 
have  to  do  with  tlie  peculiar  physical  characters  of  corneous  epithelium. 

We  know  that  the  various  siiline  matters  are  essential  to  health,  that 
when  they  are  not  present  in  proj>er  proportions  nutrition  is  affected.  Dogs 
fed  on  food  freed  tus  much  as  pa>^iblc  from  all  saline  matters,  but  otherwias 
abundant,  with  a  proper  proportion  of  the  food-stufts,  soon  exhibit  symptooot 
showing  that  the  metabolism  of  their  tissues,  esj>ecially  of  their  central 
nerv(»us  system,  is  going  wrong;  they  suffer  from  weakne.s8,  soon  amounting 
to  paralysis,  ami  are  often  carried  otf  by  convulsions.  And  more  or  less 
similar  derangements  of  nutrition  follow  the  absence  or  a  deficiency  of  indi- 
vidual salts.  During  starvation  these  various  salts  contiuue  to  be  discharged 
from  the  body;  in  some  way  or  other  they  are  carried  along  iu  the  metabolic 
stream,  and  their  presence  is  in  some  way  essential  to  the  various  metabolic 
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heDC«,  they  need  to  be  always  present  iu  daily  food.  In  what 
wty  it  is  that  they  thus  direct  metabulism  we  do  uot  kuow  ;  we  are  aware 
that  the  pro()ertie8  and  reactions  of  various  proteid  substances  are  cltjsely 
dependent  on  the  presence  of  certain  salte,  but  beyond  this  we  know  very 
little.  The  inorganic  salts  are  those  the  nutritive  value  of  which  has  been 
chieily  studied  by  experiment,  but  we  have  reason  to  believe  that  the  organic 
mltj,  or  extractives,  which  are  present  in  greater  or  less  quantity  in  all  food 
of  both  vegetable  and  animal  origin,  are  no  less  essential  to  the  proper  meta- 
bolic activities  of  the  body.  The  undoubted  connection  of  scurvy  with  the 
Iftck  of  fresh  vegetable  food,  other  conditions  helping,  may  perha|ifl  turn  in 
ptrt  on  thiB,  for  the  evidence  that  the  disease  is  due  to  the  deficiency  of 
pouab  alone  ia  not  conclusive. 

Laatly.  water  has  an  effect  on  metabolism,  aa  shown,  among  other  things, 
by  the  fact  that  when  the  water  of  a  diet  is  increased,  the  urea  is  increased 
to  »D  extent  beyoml  that  which  can  be  explained  by  the  increase  of  fluid 
increasing  the  facilities  of  mere  excretion. 


I 


The  En'eruy  of  the  Body. 
The  Income  of  Energy. 


li  528.  Broadly  speaking,  the  animal  body  is  a  machine  for  converting 
potential  into  actual  energy*.  The  poleuttal  energy  is  supplied  by  food;  this 
tbe  metabolism  of  the  b(>dy  converts  into  tlie  actual  energy  of  heat  and 
mecbanical  labor.  We  have  in  the  present  section  to  etudy  what  is  known 
"f  the  laws  of  this  conversion^  and  of  the  distrihution  of  the  energy  set 
free. 

Neglecting  all  subsidiary  and  unimp(»rLant  sources  of  energy,  we  may  .^ay 
ihflt  the  income  of  animal  energy  consists  iu  the  oxidation  of  food  into  its 
vute  products — viz.,  the  oxidation  of  proteids,  fats,  and  carbahytl rates  into 
QPet. carbonic  acid,  and  water.  A  principle  laid  down  by  the  chemist  teaches 
ibtl  the  potential  energy  of  any  l>ody,  considereti  in  relation  tu  any  chemical 
change  which  it  may  undergo,  is  the  same  when  the  final  result  is  the  same, 
vhetner  that  re^'^ult  be  gained  at  one  leap  or  by  a  series  of  steps;  that,  for 
msttuce*  the  energy  set  free  by  the  oxidation  of  1  grm.  of  fat  into  c*arbouic 
Uid  and  water  is  the  same,  whatever  the  changes  forward  or  backward  which 
the  fat  undergoes  before  it  finally  reaches  the  stage  of  carbonic  acid  and 
*>ter:  and  similarly,  that  the  energy  available  for  the  boily  in  1  grm.  of 
<iiTproieid  is  the  energy  given  out  by  the  complete  combustion  of  that  1 
K^n.,  lees  the  energy  given  out  by  the  complete  combustion  of  that  quantity 
'>f  urea  to  which  the  1  grm.  of  proteid  gives  rise  in  the  bmly.  Taking  this 
ttour  guide,  we  can  readily  calculate  the  amount  of  jrotential  energy  con- 
ttined  in  an  average  twenty-four  hours'  diet,  and  thus  obtain  the  average 
diily  income  of  energy.  For  the  jwlential  energy  of  most  of  the  substances 
UNd  as  food  hue  been  determined  by  direct  calorimetric  observations;  and 
iW  leveral  determinations,  though  they  vary  somewhat,  agree  sufficiently 
clweiy  to  serve  as  data  for  the  calculations  iu  question. 

The  total  combustion  of  the  following  substances  has  given  for  one  gramme 
"feach  substance  the  following  results  expressed  in  calories — that  is,  in 
gramme-degree  units  of  heat: 

Meat,  free  from  fat,  510H  and  5324.  Fibrin,  5.311.  Egg-albumin,  5679. 
Thos,  taking  round  numbers,  we  may  say  that  1  grm.  of  proteid  material 
oOQtiina  6000  or  6500  calories  of  potential  energy,  according  as  we  uae  the 

r#r  or  higher  determinatiouEs. 


638 


NUTRITION 


Fat  of  beef  nr  miuton.  9069, 9365,  9423.     Butter,  7267  ur  91V2. 
in  round  numbers,  we  muy  say  thni  1  grm.  of  fat  contains  about  9000 
riea. 

Arrowroot  (nearly  pure  sUrch),  3912.  Starch,  4123.  CellaloM,  4I<  _ 
Dextrose,  309*2.  Cane  sugar,  38*»H.  Here  n^%\n,  taking  round  numbvni.  w» 
shall  not  be  far  wron^  in  raying  that  the  potential  energy  of  I  gmi.o>r  ivrbo- 
hydrate  mnteiial  is  about  4000  calories. 

The  combuation  of  I  grm.  of  urea  »ei9  free  an  amount  of  enrrer  vltieli  kw 
been  determined  by  one  obeerver  as  2'J06.  by  another  h>  24ti<>  ntlorittk  Wm 
have  seeu  ( §  508)  that  1  gnn.  of  proteid  give«  rise  in  the  h^^dy  to  k  ffrm.  un^ 
Hence^  to  obtain  the  energy  or  I  grm.  pmteid  material  avaiUlm  ftr  thm 
economy,  we  must  deduct  from  its  potential  energy  one  thirU  ibe 
energy  of  1  grm.  urea — that  is,  iu  ruuud  numberv,  TOO  or  800  caluriea. 
will  give  us  .^000  —  700, or  o^OO  —  800,  that  is,  4300  ..r  47(K) calorici, 
iag  aa  we  take  the  lower  or  higher  data :  or  we  may  take  aj  a 
calorie*.     The  data,  then,  so  far,  are  as  folluwa : 


1  gramme  proteid 

1  vramiiic  fat 

I  grumuic  carbohydrate 


454M>  caloTMb^ 

4'i>H> 


The  average  diet  of  an  average  man — that  is,  the  average  amount  of 
food-6tufi'  respectively  taken  dailv— may  be  determined  experimcntailj 
statistically.     Thus,  a  man  may  determine  by  a  serieaof  triaJf  Um 
which,  while  neither  losing  nor  gaining  weight  and  maintaining  ** 


eouilibrium  "  (^  623).  he  enjoys  good  nealib.    Or  an  av^ran  nmj  be 
of  a  large  number  of  diets  used  by  various  people.     Wesball  bmYeaomi 
t<}  say  of  this  latter  statistical  metho<1  when  v^e  cume  to  speak  of  di«L     For 
the  present  purpose  we  may  use  one  arrived  at  ex  penmen  taily»  which  «t 
will  speak  o<  ha  Ranke's  diet,  since  it  was  dcterminetl  by  a  pbysiulogist  s/ 
that  uame  from  obeervatiuns  on  himself.     It  was  composed  of  1000 
proteid,  l(Ml  grms.  fat,  240  grms.  carbohydrate.     Such  a  diet  would  giw 


1(M>  grntuniM  proteid  M500) 

UMi  ^rauime!!  fut  (\MXX))    . 

2*t  ttrauiui»it  carbohydrate  [i*nlO) 


A^J.iJUO  cakiri 

tmo.urji) 


a.310,000 

If  we  translate  the  units  of  heat  into  units  of  work,  the  2,310,000 
degree,  or  'J^^IO  kilogramme-degree  calories  will  give  us  abont  9d0, 
round  numbers,  somewhere  about  one  niiUion  kilo^'raminc-melrfa. 

We  may,  in  passing,  call  attention  to  the  fact  that  the  proteMa  aupply  a 
relatively  small  part  of  the  total  energy,  and  that  the  share  cootiibulM  by 
the  large  mass  of  carbohydrates  is  not  much  greater  than  that  belnogiti^  to 
the  much  smaller  quantity  of  fat.  In  the  average  diet  obtained  by  uie  eta- 
tistical  methoit.  in  which  t^ie  data  are  largely  drawn  from  public  iustiiotiaaa^ 
the  (cheamr)  carbohydrates  are  still  further  increased  at  the  espeiur  of  tbs 
(dearer.)  fats,  a  change  which  niay  tend  to  reduce  somewhat  the  total  eiMTgy : 
but  this  does  not  materially  atfect  the  bnjad  result  just  given. 


S  A90.  Tliere  are  two  ways  only  in  which  energy  is  set  Ave  fro€s  tbe  body : 
mechanical  labor  and  heat.  The  bmly  l<iee«  energy  iu  ppKluciag  aiaaBalar 
work,  as  in  locomotion  and  in  other  kinds  of  labor,  in  tbo  moveflMM*  4lf  tW 
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air  in  resptrfttion  and  speecb,  oinl,  though  to  h  hanJly  recngni^able  exteut, 
in  the  niovumeotf  t>f  the  uir  or  contiguous  botlies  by  the  pulKatioos  of  the 
vascular  syBtem.  The  body  loses  energy  in  the  form  of  heut  by  conduction 
ud  radiation,  by  respiration  auci  jierepiration,  and  by  the  wuriiiiutr  "»f  the 
urine  and  feces.  All  the  internal  work  of  the  body,  all  the  mecluuiical  labor 
of  tbe  iuternal  muscular  mechanigius  with  their  accompanying  friction,  all 
the  molecular  labor  of  the  nervous  arid  other  tissues,  is  converted  into  heal 
before  it  leaves  the  body.  The  most  intense  mental  action,  unaccompanied 
by  soy  muscular  ma ni testations,  the  most  energetic  action  of  the  heart  or  of 
the  bowels,  with  the  slight  exceptions  mentioned  above,  the  busiest  activity 
of  tbe  secreting  or  metaholic  tissues,  all  these  end  simply  in  augmenting  the 
expenditure  in  the  form  of  heat. 

A  normal  daily  expenditure  in  the  wav  of  mechanical  labor  can  be  easily 
detertnined  by  ob!«€rvatinu.  Whether  tlie  work  take  ou  the  form  of  walk- 
ing, or  of  driving  a  machine',  or  of  any  kind  of  muflculnr  toil,  a  good  day's 
work  may  be  put  down  at  about  150,000  kilogramme-metres. 

The  normal  daily  t'x|i€ndiiure  in  the  way  (tf  heut  cannot  be  stj  readily 
determined.  Direct  calonmetric  observations  on  the  whole  body  are  attended 
with  BO  many  didiculties,  except  ill  tlie  caeeof  tmati  animals,  that  their  value 
ii  uncertain ;  and  observations  ninde  by  placing  a  part  only  of  the  body,  an 
inu  or  leg  for  example,  in  the  calorimeter,  and  from  the  data  thus  gained 
calculating  the  heal  produced  by  the  whole  body,  are  subject  to  many  sources 
'if  error. 

The  calorimeter  usually  cmpluyeil  in  ehemiuil  operation!*,  in  measuring,  for 
tiatiooe,  the  heat  given  out  in  cheiEitcal  oluiii^fs,  are  iinsuitiihle  Wiv  experimeots 
OB  lining  Huinials.  Such  are  thf  mercury  calorimoier,  'm  whit'h  the  chemical 
MXioa  to  be  studied  is  made  to  take  pUfe  in  the  nitdst  of  ii  mass  i\^  mercury,  from 
t^eoDflcqaont  expansion  of  which  thrtajgh  ihe  heut  rakeo  up  the  aniouni  of  heat 
givtD  out  is  calculated,  or  the  ice  calormieter  in  wjjiuh  tii  a  siiuilar  way  the.  heut 

Even  out  is  calculated  from  (he  amount  uf  ice  mellcii.  The  lultor  has  been  used 
r  physiological  purposcts.  but  an  animal  surrounded  by  ice  is  under  .MUch  abnor- 
I  nal  oonHiiions  that  the  result.^  are  of  little  value.  The  methods  usually  adopted 
^^  ^  physiologists  arc  ft.s  follows 

^1  It)  one  mrihod.  the  water  i*olitritue(ei*,  the  animal  is  placed  in  a  metal  chamber 
^H^mjUDded  hy  a  jacket  tilled  with  water.  The  heat  eiven  out  bv  the  animal  warms 
^^Mtviter  in  the  jacket,  and  the  amuunt  tciveo  out  is  calculateil  upon  the  increase 
^^fmtcmperuture  uf  the  water  By  supplying  the  animal  with  air  through  a  long 
^tint)  tube  pa>siDg  through  the  water-jacket,  the  heat  given  out  in  the  expired  air 


i«  Iji'vtnted  (rom  being  lost. 
Thi»  tnfi 


•thod  may  bo  employed  in  a  simpler  form,  when  the  heut  given  out  by  a 
|l*rt  of  the  boijy.  the  arm  or  leg  for  instance,  is  all  that  has  to  be  determined. 
\*^*  part  is  then  merely  placed  in  a  hath  of  water,  from  the  changes  of  tcmpcra- 
Itereuf  which  the  amount  given  out  is  cideulated,  And  this  modification  ol  the 
^■mhod  may  with  due  precautions  be  employed  for  the  whole  body. 
j  In  Rosenthal's  calorimeter  the  chamber  in  which  the  body  or  part  of  the  body 
splseed  is  surrounded  bv.  nut  :i  water-jacket,  but  au  airjacket,  which  thus  serves 
In  ta  air  calorimeter.  The  instrument  consists  esacntially  of  three  concendio 
!r  cylinders ;  the  inner  une  contains  the  animal  (or  other  source  of  heut): 
jU«  ui\ieT  one  serves  merely  a»  a  casing  to  j>rotet*t  those  innide  from  changes  of 
Inaperature  due  to  currents*  of  air  and  the  like;  and  the  middle  one  encloses  an 
>"  «pa(*e  between  itself  and  the  inner  one.  There  are  special  arrangement*  for 
ckwBg  the  cylinders  after  the  introduction  of  the  animal,  and  for  supplying  the 
uittMi  with  air  for  hreathing  purposes.  With  the  air  jacket,  or  space  between 
|m  inner  or  middle  cylinders,  are  connected  a  mauomcter  and  a  thermometer 
Whea  an  animal  lor  other  source  of  heat)  is  placed  in  the  inner  cylinder,  the 
iMDpermture  and  the  pressure  of  the  air  in  the  air-jacket  are  increased  ;  and  from 
lb#  amonnta  of  increase  measured  by  the  thcnuometer  and  the  manometer  the 
BBoant  of  heat  given  out  from  the  animal  is  calculated. 

71m  mlarimetem  of  D'Arsonval  and   Knbner  are  constructed  on  very  similar 
pmdplea. 
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Various  attempu  have  been  made  to  ascertain  the  uniount  uf  Hcmi  gi 
out  by  the  body  in  an  indirect  luaniier,  as  for  iutilaiice  by  calcuUtioK 
heat  given  out  by  the  oxidation  of  the  food.  As  truHtworthy  aa  any  m 
pJan  of  simply  subtracting  the  normal  daily  mechanical  expenditure  fi 
the  normal  daily  income.  Thus  150,000  kilogramme  nietrei  aubtraolad ftoa 
one  milliun  kilogramme-metrea  gives  850,000  Kilogranime*iuetrea  as  Ihc  ilftilj 
expenditure  in  Uie  form  of  heat;  i.  ^.,  between  one-tifth  and  tme-vixth  of  IM 
total  income  is  ex}>ended  bs  mechanical  labor,  the  remaining  four-fiftba 
Hve-flixths  leaving  the  body  in  the  form  of  heat.  The  resulta  given  by  di 
calorimetric  observations  and  by  other  ealculationH  give  aoniewbat  hi 
tigares  than  these ;  and  indee<l  these  may  probably  iie  taken  as  und«r  rmtlier 
than  over  the  true  amount.  In  auy  case  they  are  to  l»e  regarded  aa  fttmJahiag 
uothiDg  more  than  a  rough  average,  the  exact  amount  varying  accv>rdiaK  to 
the  size,  the  weight,  and  the  condition  of  the  individual,  aii  well  i 
to  variatifuis  in  circumstannes. 

<i  OdO.    The  ftterf/tj  of  iuerhnn{ral  u-nrk;     We  have  nlready  in  IrtAlIog 
muscle  and  elsewhere  partly  discusseti  this  subject,  but  may  here  my  (bo 
that  has  to  be  said. 

The  older  writere,  even  after  it  had  been  proved  that  the  animal  body 
constructive,  as  far  a^  the  formation  of  fat  was  concerned,  still  UM  to  tiw 
distinction  l>elween  uitrogenou^^  or  plastic  and  non  nitrogenous  or  re»pirmtorT 
food.  Put  broadly,  this  view  majh  that  all  the  nitrogeiious  food  w«oi  to  buiM 
up  the  proteid  ti.««ups,  the  muscular  flesh  and  the  like,  and  that  tha  bUto* 
genous  egesta  arose  solely  from  the  functional  metabnlism  of  thcae  tiaRMa. 
while  the  non -nitrogenous  food  was  used  with  equal  exctusivenes  for  reapim- 
tory  or  calorific  purposes,  being  either  directly  oxidize^!  in  the  blood,  or.  if 
present  in  excess,  stored  up  as  fatty  tiasue.  According  to  this  view  tbe  two 
cla^sea  of  income  corresponded!  exactly  to  the  two  forms  *»(  expcodiltsra. 
We  have  already  urged  several  objectiuns  against  this  view.  W»  bav*  aeaa 
that  iu  the  bloou  itself  very  little  oxidation  lakes  place;  that  it  is  tbc  acCirv 
tiasue,  and  not  the  pasnive  blood  plasmu,  which  is  the  seat  of  oxi^lation.  We 
have  further  seeu  that  proteid  food  may  uudouhti^tlly  l>e.  in  the-  alnivp  anm, 
respiratory  and  incidentally  give  rise  to  the  storing  up  of  fat,  itnr  dtviakm 
of  the  view  is  thereby  overthrown.  We  have  now  to  in*]uire  wb«Uiar  tliv 
other  division  holds  gt>od.  whether  muscle  and  the  other  prnteid  tJmnmmn 
M  exclusively  on  the  proteid  material  of  fiM-xl.  and  whrthtrr  noamlar 
energv  comes  exclusively  from  the  metabnlism  of  the  proteid  cofwtitaeota  of 
muscfe.  We  have  already  ?een  i  ?;  (>•!)  that  when  the  muscle  it*rlf  ia  exaa* 
ined.  we  Hud  no  proof  uf  nitrogenous  waste,  but.  on  the  other  haivd.  tUtu 
evidence  of  the  production  of  non-nitrogenous  bodies,  such  as  carK^"! 
And  when  we  ask  the  question.  Does  muscular  exercise  pm; 
iiicTeane  the  urva  given  otTby  the  body  as  a  whole?  for  this  aoooniiu^ 
theory  in  quevtiou  it  certainly  ought  to  ilo,  the  evidence  wa  can  • 
though  somewhat  varying,  gives  on  tbe  whole  a  decidedly  neeattve 

In  the  majority  of  observations  no  marked  ehango  at  all  in  tbe 
was  mrt  with  ;  in<leed,  in  some  cases  there  was  a  distinct  decrease,  fbUuved 
by  an  inereaine  ou  the  following  days.  S<tme  obaervert,  however,  fooad  a 
very  marked  increase,  ami  this  was  es[>ecialiy  the  caae  when  the  Milijaet 
under  observation  took  a  large  at"ouut  of  food  and  tierformcil  r 
labor.  On  the  whole,  the  various  results  obtaioeil  by  dtflerenl 
justify  the  eoticlusioii  that  t^xereise  by  itaclf,  even  when  severe,  dnea 
neocMarily  increase  the  amount  of  ureA  excretetl,  but  that  modttioCM  laay 
obtain  In  whirh  such  an  increase  undeniably  occurs.  We  may  draw  tfaa 
further  conclusion  that  experiments  of  this  cind  do  not  supply  the  right 
methiMl  for  determining  the  {xtint  at  issue.     It  must  be  remembered  that  h 
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»  ni^tthe  muscles  alone  which  feel  the  iiiflueiu-e  of  the  labor;  the  circulation 
iUtl  itideeil  the  whole  h«Hly  are  aHected  hy  it.  If  we  suppose  «  large  part 
or  even  only  aitrue  part  of  the  urea  to  come  iVonj  other  than  muscular  meta- 
bolism^ from  chanj^es  in  the  hepatic  ceils  for  iuatance.  we  should  expect  that 
theie  chanees,  ami  with  them  the  amount  of  urea  discharged,  would  be 
influenced  oy  labor,  esfieciallY  by  severe  labor. 

Id  uo  cb^  has  n  direct  relation  between  the  nnuMint  of  labor  and  amount 
uf  urea  been  observed.  More  than  this,  the  following  experience  lands  us 
io  in  absurdity,  if  we  suppose  the  whole  enerf;y  of  muscuhir  work  to  arise 
from  proteid  raetaboUsni,  Two  observers  performed  a  certain  amount  of 
viirk  (an  ascent  of  u  mountain)  on  a  uoa-uitrogenous  diet,  and  estimated 
lilt  amount  of  urea  passed  during  the  period.  .Assuming  the  urea  to  repre- 
•eut  the  oxidation  of  so  much  proteid  matter,  which  oxidation  represented 
ia  turn  so  much  energy  set  free,  they  found  that,  whereas  the  uotiiai  work 
(ioM  amounted  to  129.026  and  148.656  kilojiiramme-kilonielres  f<ir  each 
oheerver  respectively,  the  total  energy  available  from  proteid  metabolism 
during  the  period  was  in  the  case  of  ibe  first  <i^.Ot*,  and  of  the  second  68..37B 
Itilouramme-kilometres.  That  is  to  say,  the  energy  set  free  by  the  proteid 
lUftabolism  of  the  muscles  engaged  in  the  work  was  far  less  than  the  amount 
Beoeatry  to  accomplish  the  work  actualiy  done,  to  say  nothing  of  its  having 
to  provide  as  well  for  the  movements  or  respiration  and  circulation.  Their 
muscular  energy  therefore  must  have  had  other  sources  than  proteid  meta- 
bolisQi. 

That  i»u  the  contrary  the  production  of  earbonic  acid  is  at  itncc  and  hirgoly 
imTea»e<l  by  muscular  exercise  is  beyonri  all  doubt.  One  hour's  hani  labor 
will  increase  fivefold  the  quantity  of  carbonic  acid  given  oH*  within  the  hour. 
Ami  in  an  experiment  directeil  to  thia  point  it  was  found  that  a  man  in 
tffeuty-four  hours  conaume<l  i*o4  grammes  oxygen  and  produced  1284 
;^itimes  carbonic  acid  when  doing  work,  as  against  708  grammes  oxygen 
CHiuumed  and  911  grammes  carbonic  acid  produced  when  remaining  at  rest, 
the  tjuaniity  of  urea  secreted  being  in  the  first  case  37  grammes,  in  the 
sw«D(i  'A~.'2  grammes*. 

It  is  evident  that  the  conclitiiions  arrived  at  by  the  statistical  methcx) 
entirely  corroborate  thone  gained  by  an  examination  of  muscle  itself,  viz., 
ihat  (luring  muscular  contraction  the  explosive  deconipoaitlon  which  takes 
place  bears  chiefly,  if  not  excluyiveJy,  on  the  non-nitrogenous  constituents  of 
the  muscle,  and  that  it  is  the  non-nitrogenuus  products  which  alone  esca[)e 
trfita  the  muscle  and  from  the  bmly,  any  nitrogenous  products  which  result 
^ing  retained  within  the  muscle,  or  at  least  within  the  b4>dy.  We  must 
therefore  reject  the  second  as  well  as  the  first  division  of  the  views  under 
di«cii95ion  ;  not  only  is  the  muscle  not  feil  exclusively  on  proteid  material, 
^alto  ita  energy  does  not  arise  from  an  excluMvely  proteid  metabolism. 


Animaf  Httat. 

§531,  T/ir  ftonrrrM  and  (tijttribution  of  heat  We  have  already  seen  that 
t^« Conception  of  the  non-nitrogenous  (jortions  of  food  being  solely  calorifii- 
iCi«ni<ir  respiratory  proves  u>  be  unfounded  when  we  attempt  to  trace  the 
Jiiworj'of  the  t<x>d  on  its  way  through  the  body.  The  same  view  is  still 
J&<>re  strikingly  shown  to  t)e  inude<piate  when  we  study  the  manner  in  which 
V  heal  »>f  the  body  is  prodace<i.  We  may,  indeed,  at  once  aHirm  that  the 
of  the  hoi\y  ia  generate<l  by  the  chemical  changes^,  which  we  may  speak 
generally  as  those  of  oxidation,  undergone  not  by  any  particular  sub- 
iUooea,  but  by  the  tissues  at  large.  Wherever  metabolism  is  going  on,  or  to 
be  more  exact  wherever  destructive   metabolism,  katabolism,  is  going  on, 
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heal  is  lieing  set  free.  In  growth  aiul  in  repair,  in  the  depoftition  of  new! 
material,  in  ihe  iraiiflformaliun  of  ItteleHd  pabulum  into  living  tissue,  iu  the 
constructive  inetiil>olism,  the  aniil>oli»m  of  the  ho<iy,  ami  in  the  smaller  syn- 
thetic processes  of  which  we  spoke  in  <lealing  with  urea  (§  490),  heat  ia 
undoubtedly  to  a  certain  extent  being  absorbeil  uod  rendered  latent;  tha 
energy  of  the  conatruction  may  be,  in  part  at  least,  supplied  by  the  heal 
present.  But  all  ihi^,  and  more  thtin  tliin,  vi/.,  the  heat  present  in  a  poten- 
tial fr»rm  in  the  substances  themselvefl  (*o  built  up  into  the  tissue,  is  lost  to  the 
tissue  during  its  destructive  melabolism  ;  so  that  the  whole  metabolism,  the 
whole  cycie  of  changes  from  the  liteless  pabulum  through  the  living  tissue 
hack  It)  the  lifeless  products  of  vital  action,  is  eminently  a  source  of  heat. 

Of  all  the  tissues  of  the  body  the  muscles,  not  only  from  their  bulk,  form- 
ing as  they  do  so  large  a  portion  of  the  whole  frame,  but  al.w  from  the 
characters  of  their  nietaboUsiu,  must  be  regarded  as  the  chief  sources  of  heat. 

In  treating  (§  G.'))  of  the  thermal  changes  in  muscle  we  have  seen  that  in 
the  total  energy  expended  in  a  musculiir  contraction,  the  ratio  of  that  which 
appears  a»  heat  in  lliut  which  appears  as  external  work  is  variable.  If 
we  lake  a  proportion  which  is  somewhat  higher  than  the  mean  of  the 
range  there  given  (oneHfth  to  one-twenty-tifth),  and  assume  that  the 
energy  involved  in  the  work  done  in  a  muscular  contraction  is  al>oiit 
one-tenth  of  the  total  energy  expended,  the  rest  going  out  as  he^at,  then, 
upon  the  cakulatton  that  the  tutal  external  work  of  the  body  is  abf>uC 
I  me  fifth  of  the  total  energy  set  free  in  the  body,  it  is  clear  that  the 
heat  given  out  by  the  muscles,  even  if  we  consider  only  the  heat  given 
out  when  they  are  contracting,  must  form  a  very  large  part  of  the  total 
heat  given  uut  by  the  body.  And  even  if,  aa  recent  re^arches  indicate,  the 
muscular  machine  works  more  ecuuotuLcally  than  we  have  hitherio  euppo&ed 
the  amcmnt  of  heat  given  out  by  the  skeletal  nuiscles  must  still  remain  very 
large.  Moreover  tr>  the  skeletal  muscle  we  must  add  the  heart  which,  never 
resting,  does  in  the  twoiitv-lour  hours  as  we  huve  seen,  i?  1S?S,  no  inconsider- 
able amount  of  ^vork,  and  must  give  rise  to  no  inconsiderable  amount  of  beat. 
But  the  skeletal  muscles,  thmigh  frequently,  are  not  onntinually  contracting; 
they  have  periods,  at  times  long  periods,  of  rest;  and  during  these  )>eri'xi» 
<if  rest,  metubolistn,  of  a  t>ubdued  kind  it  h  true,  but  still  a  metabolism 
involving  an  expenditure  of  energy  is  going  on.  This  quiescent  metabolism 
must  also  give  rise  to  a  certain  amount  of  heat ;  and  if  we  add  this  amount, 
which  in  the  present  Htate  of  our  knowledge  we  cannot  exactly  gauge,  to 
that  given  out  during  the  movements  of  the  body,  it  is  verv  clear,  even  in: 
the  absence  of  exact  data,  that  the  metabolism  of  the  muscles  must  supply 
a  very  large  proportion  of  the  total  heat  of  the  body.  They  &re  par  exfeU, 
f^nce  the  thermogenic  tissues.  ' 

Next  to  the  muscles  in  importance  come  the  various  secreting  glandtt' 
In  these  the  secreting  elementg,  at  the  periuds  of  secretion  at  all  events,  are 
in  a  state  of  metabolic  activity,  which  activity  as  elsewhere  must  give  rise  tn 
heat.     In  the  cn.*e  of  the  salivary  gland  of  the  dog  the  temperature  of  the 
saliva  secreted  duriug  stimulation  of  the  chorda  has  been  found  to  be  as 
much  as  1'^  (^r  1.5'^  higher  than  that  of  the  blood  in  the  <ran»tid  artery  at  the 
same  time,  and  in  all  probability  the  investigation  of  other  secreting  glands  i 
would  lead  to  similar  results.     Of  all  these  various  glancls  the  liver  deserves' 
special  atteniion  on  account   of  it.s   si7.e   and   large  supply  of  hl(x>d,  and  | 
because  it  appears  to  be  continually  at  work.     If  there  be  any  truth  in  the 
views  urged  iu  the  preceding  chapter  touching  the  large  and  varied  metaboliC] 
work  of  the  liver,  we  must  conclude  that  a  very  large  amount  of  heat  is*et| 
free  in  this  organ  ;  and  that  holds  good  even  if  we  make  a  large  allowance! 
for  the  various  synthetic  anabolic  processes  which  may  lake  place  and  byl 
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Ileal  would  be  absorbefl  nnd  made  latent.     We  find,  indeed,  timt  the 

in  the  hepatic  vein  is  the  WRrniest  in  the  body.     Thus  in  the  do^  a 

temperature  of  40.73°  C  has  Lieen  observed  in  the  hepatic  vein,  while  that 

Iof  tne  vena  cava  inferior  waj?  38. 3o^  to  39.58°.  and  that  of  the  right  heart 
47.7°.     The  fact  that  the  bhHxl  of  the  hepatic  vein  ta  warmer  than  that  of 
nther  the  porta!  vein  or  the  aorlji,  .shows  that  the  increased  teai|jerature  is 
»ot  tine  simply  to  the  iiver  beiii;;  thr  removed  frnm  the  surface  of  the  body. 
The  brain,  too,  may  be  regarded  ns  a  source  ol'  heat,  siuce  ita  temperatnre 
li  higher  than  that  of  the  arteriiil  bUxtd  with  which  it  is  supplied ;  though 
from  the  smaller  riuantity  <>f  blood  [>as»inf;  thnnjgh  its  vessels,  as  well  as 
from  the  changes  in  it  being  less  nio&sive,  it  cnnn<it,  in  this  respect,  comj»are 
with  rither  the  liver  or  the  muscles  as  a  source  uf  heat  to  the  body. 
The  bloorl  itself  cannot  be  rej^arded  as  a  source  of  any  considerable  amount 
^L  of  heat,  since,  as  we  have  *o  fre(|nentiy  urged,  the  oxidations  or  other  meta- 
^P  bulic  changes  taking  place  in  it  are  coiupamtively  slight.     The  heat  evolved 
~  bv  the  indifferent  tissues,  such  as  htjne,  cartilage,  and  connective  tissue,  may 
w  passed  over  as  insigniticiint ;   and  we  cannot  even  regard    the  adipose 
tiKQe  as  a  seat  of  the  production  of  heat,  siuce  the  fat  of  the  fat-celU  is  in 
■11  probability  not  oxidized   in  niftr,  but  simply  carried  away  from  its  place 
ofitorage  to  the  tissue  which  Ktunds  in  need  of  it,  and  it  is  in  the  tissue  that 
it  undergoes  the  raetuholiam  by  which  \u  latent  energy  is  act  free.     Some 
MDount  of  heat  is  also  produced  by  the  changes  which  the  food  undergoes  in 
^^  tbe  MlinienUry  canal  before  it  really  euters  the  body, 

^B     HcDce,  tAkiDg  a  survey  of  the  whole  body,  we  may  onclude  that  since 
^^Bi«tab<)lism  is  going  on  to  a  greuUT  or  less  extent  everywhere,  heat  is  every- 
where being  generated  ;  but  that,  looked  at  from  a  quantitative  point  of  view, 
I      (k«  muscles  and  the  glandular  organs  must  be  regarded  as  the  maia  sources 
of  the  heat  of  the  body,  the  muscles  being,  in  all  probftbilily,  the  more  impor- 
tant of  the  two, 

>632.  But  heat,  while  being  thus  continually  produced,  is  as  continually 

[Being  lost,  by  the  skin,  the  lungs,  the  urine,  and  the  feces.     The  blood  paas- 

from  one  part  of  the  body  to  the  other,  and  carrying  warmth  from  the 

where  heat  is  being  rapidly  generated,  to  the  tissues  or  organs  where 

)•  being  lost  by  radiation,  conduction,  ur  evaporation,  tends  to  eoualize 

theletDperature  of  the  various  parts,  and  thus  maintains  a  "constant,  bodily 

tenperature." 

When  the  production  of  heat  is  not  great  a.**  compared  with  the  loss  there 
[■110 great  accumulation  of  heat  within  the  body,  the  temperature  of  which 
juently  is  but  slightly  raised  above  that  of  surrounding  objects.     Thus 
«te  temperature  of  the  frog,  for  instance,  is  rarely  more  than  0.04'^  to  0.05^ 
iWe  that  of  the  ainiosphere,  though  in  the  breeding  season  the  difference 
ttUT  amount  to  1°.     8uch  animals',  and  they  comprise  all  classes  except  birds 
^fi  mam  mats,  are  spoken  of  as  cold-blooded;  they  have  been  also  culled 
^L^ikilotherroic,  that  is,  of  varied  temperature.     Exceptions  amimg  them  are 
^pot  unci^iumon.     Some  Hsh,  such  as  the  tunny,  are  warmer  than  the  water 
^n  »hich  they  live,  and  in  a  species  of  python  (P.  hiviitattui)  a  difference  of 
«  (iMuh  aa  12'^  has  been  oljserved.     In  a  beehive  the  temperature  may  rise 
ftt  times  as  much  as  to  40''.     In  the  so-callod  warm-blooded  animals,  birds 
ud  mammals,  the  loss  and  production  of  heat  are  so  balanced  that  the  tem- 
perature of  the  body  renmins  constant  at,  in  round  numbers,  ^^5°  or  40*^, 
wiiitever  he  the  temperatnre  of  the  air ;  hence  these  have  been  called  homoio- 
li)«rniie.  of  constant  tern (>eratu  re.     The  temperature  of  man  is  about  37°; 
Jm  ume  birds  it  is  as  high  as  44"  (Hirundo),  and  in  the  wolf  it  is  said  to  be 
as  :i5.24''. 
temperature  is  with  slight  variations   maintained    throughout    life. 
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After  death  the  generation  of  heat  rapidly  dimiuishes.  and  the  bi^Jy  speedily 
becomes  cold;  but  for  wmie  abort  time  iiumediatply  following  upon  systemic 
deatli,  a  rise  tif  te]ii)K;rature  may  \>e  observed,  due  to  the  fact,  that  while  the 
mctaboliani  of  the  tissue  is  still  ^'olu^  on,  the  loss  of  heat  is  somewhat  checked 
by  the  cessation  of  the  circulatiim.  The  oiisei  of  pronounced  rigor  mortis 
causes  a  marked  accession  of  heal,  and  wlwn  occurrin]^  afler  certain  diseaeee 
may  give  rise  to  a  very  considerable  elevation  of  temperature. 

This  mean  bodily  temperature  of  warni-ldooded  animals  is,  during  health. 
maintained,  with  nlight  variations  of  whieb  we  shall  presently  speak,  within 
a  very  narrow  marj^in,  a  rise,  or  indeed  a  fall  of  much  more  than  a  degree 
above  or  below  the  limit  given  above  beinj^  indicative  of  some  failure  in  Uie 
organism,  or  of  some  unnstial  influence  being  at  work.  It  Is  evident,  there- 
fore, that  the  mechanisms  which  co'trdiiiute  llie  loss  with  the  production  of 
heat  must  be  exceedingly  sensitive.  It.  is  (jbvious,  moreover,  that  the  mech- 
auij*ras  may  act  when  the  bodily  temperature  is  tending  to  rise,  by  either 
checkin;^  the  production  or  by  augmenting  the  losa  of  beat ;  ctmversely  when 
the  Ijodiiy  temperature  is  lending  to  full,  they  may  act  by  either  increasing 
the  production  or  by  diminishing  the  loss  of  heat.  As  the  regulation  of  tem- 
perature by  variations  in  the  loss  of  heat  is  better  known  than  regulation  by 
varmtions  in  production,  it  will  be  best  to  consider  them  iirat. 

;;  533.  Rtyufufitin  by  vnriationif  la  tof^.  Heat  is  loat  to  the  body  by  the 
warming  of  the  feces  and  of  the  urine,  by  the  warming  of  the  expired  air,  by 
the  evaporation  of  the  water  of  respiration,  by  conduction  and  radiation  from  ' 
the  skin,  and  by  the  evapnraiion  of  the  water  of  peivpiration.  It  has  been  I 
calculated  that  the  relative  amouuts  of  the  loss  by  these  several  channels  are 
as  follows  :  In  warming  the  feces  and  urine  about  3,  or  according  to  otben, 
Cy  per  cent.  By  respiration  about  20,  or,  according  to  others,  about  only  9 
per  cent.,  leaving  77,  or  alternately  ?So,  |jer  cent,  for  conduction  and  radia- 
tion and  evaporation  by  the  skin. 

The  two  chief  means  of  loss  then,  which  are  at  all  susceptable  of  any  great 
amount  of  variations,  an<l  which  can  be  used  to  regulate  the  temperature  of 
the  body,  are  the  skin  and  the  longs. 

The  more  air  passes  in  and  out  of  the  lungs  in  a  given  time,  the  greater 
will  he  the  Iosh  in  warming  the  expired  air,  and  in  eva[torating  the  water  of 
respiration.     In  nuch  animals  as  the  dog,  which  do  not  perspire  freely  by  the 
skin,  respiration  is  a  most  important  means  of  regulating  the  temperature; 
and  in  the  dog  a  very  close  connection  may  be  observed  between  the  produc- 
tion of  heat  and  resfiirntory  activity.     The  changes  which  give  rise  to  thisi 
loss  take  place  before  the  inspired  air  reaches  the  pulmonary  alveoli;  botbi 
the  warming  and  the  evaporation  are  eftecled  in  the  nasal  and  pharyngeal, 
and  to  some  extent  in  the  bronchial  passages.     Some  observers  have  main- 
tained that  the  left  side  of  the  hcHrt  is  warmer  than  the  right,  and  hence 
have  argue<l  that  chemical  changes  leading  to  a  considerable  development  of 
heat  take  place  in  the  pnlmcmary  capillaries.     It  would  appear,  however, 
that  the  right  ventricle,  owing  to  its  lying  nearer  to  the  liver,  the  high  tern- 
[>erature  of  which  has  already  been  mentioned,  is,  in  reality,  rather  hotter 
than  the  left.     And,  indeed,  we  have  no  satisfactory  evidence  of  any  large 
amount  of  heat  being  produced  by  any  pulmonary  metabolism. 

The  great  regulator,  however,  is  undoubtedly  the  skin;  and  ihie  has  a 
more  or  less  double  action.  In  the  first  place,  it  regulates  the  loss  of  heali 
by  means  of  the  vasomotor  mechanism.  The  more  blood  passes  through; 
the  skin  the  greater  will  be  the  loss  of  heat  by  conduction,  radiation.  ao4 
evaporation.  Hence  any  action  of  the  vasomotor  mechanism  which,  br 
causing  dilatation  of  the  cutaneous  vascular  areaa,  leads  to  a  larger  flow  of 
blfNxl  through  the  skin,  will  tend  to  cw^l  the  body  ;  and,  conversely,  any. 
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>rootor  action  which,  by  constricting  the  cutaneous  vascular  areas,  or  by 
[iiliUiup  the  splanchnic  vasculur  ureai',  causes  a  smaUer  flow  through  the  akin, 
id  B  larger  flow  of  blood  through  the  ab<lomiDal  viscera,  will  tend  to  heat  the 

ly.  In  the  ^cond  place,  besides  this,  the  i*i>ecia!  nervea  of  perspiration 
will  act  directly  bb  regulators  of  toiui>eratLire,  increasing  the  loss  of  heat 
when  they  promote,  and  lessening  the  laes  when  they  cease  to  promote,  the 
Kcretiou  of  the  skin.  The  working  nf  thw  hentn*gulating  mechanism  is 
well  leen  in  the  cA»e  of  exercise.  Since  every  muscular  contraction  gives 
n«e  to  beat,  exercise  must  increase  for  ttve  time  being  the  production  of  heat ; 
7«c  the  bodily  temperature  rarely  rises  ua  much  ai«  a  degree  centigrade,  If  at 
ill.  By  exercise  the  respiration  is  quickened,  and  the  loss  of  heat  by  the 
lau^  iocrensed.  The  circulation  of  bh)od  is  als-)  quickened,  and  the  cuta- 
BOHtt  vascular  aresi^  l>econiing  dilated,  a  larger  amount  of  blood  pusses 
through  the  skin.  Adde^l  to  this,  the  skin  perspires  freely.  Tliu*  a  large 
mount  nf  heat  ts  h»i»t  to  the  lx>dy,  HufKcient  txi  neutralize  ihe  aiMiiion 
Ciuied  by  the  mtificular  oonlractioii,  the  increase  which  the  more  raj>id  flow 
'if  bIo(Ki  through  the  abdurninni  organs  might  tend  to  bring  aiiour.  being 
more  than  sufficiently  counteracted  by  their  smaller  supply  for  the  time. 
Th«  sense  of  warmth  which  is  felt  <luring  exercise  in  consetjuence  of  the 
Hushing  uf  the  skin,  is,  in  itself,  a  token  that  a  regulative  cooling  is  being 
tarried  on.  In  a  similar  way  the  application  of  external  cold  or  beat  defeats 
itf  uwn  ends,  either  parniiily<»r  completely.  Under  I  he  iiiHiicnee  of  external 
(^M,  the  cutaneous  vessels  are  constricted,  and  the  Bidanuhnic  vascular  areas 
•lilatetl,  sn  that  the  blood  is  withdrawn  from  the  colder  and  cooler  regions  to 
tlie  hotter  and  heat-[)roducing  organs.  Thi:*  vascnlur  change  may  l>e  used 
t^ui>lain  the  fact  that  stripping  naked  in  a  c(»ld  almoMphere  oileo  gives  rise 
t'>  a  (li^linct  increase  in  the  mean  temperature  of  the  bltnfd,  na  intficated  by 
•  thermometer  placed  in  the  inouth,  th^nigh  possibly  the  effect  may  be  |>artly 
'liK'toan  actual  increase  of  the  pnKiuction  of  heat.  Under  the  inHuence  of 
^iicrnal  warmth,  on  the  other  hand,  the  cutaneous  vessels  are  dilated,  a  rapid 
'Wharge  uf  heat  takes  place  ;  and  if  the  eireumstances  be  aueh  that  the  body 
«*u  perspire  freely,  and  the  perspiration  he  readily  evapornted.  the  temper- 
ature of  the  body  may  remain  very  near  to  the  normal,  even  in  an  excessively 
hot  atiuo&phere.  Thus,  more  than  a  century  ago,  two  observers  were  able  to 
Mu»in  with  impunity  in  a  chamber  healed  even  tol^T^G.  (260'^  Fahr.),and 
with  ease  in  one  s<j  hot  that  it  became  painful  for  them  to  touch  the  metal 
Wttorig  of  their  clothing.  It  is  unnecessary  to  give  any  more  examples  of 
thi<«  n^iilnlion  of  temperature  by  variations  in  the  loss  of  heat;  they  all 
f»*<iilv  explain  themselves. 

S  534.  The  producHon  of  heat.  Ha  variatioiu  nnd  ragnlation.  As  we  have 
^fcady  said,  the  exact  determination  of  the  amount  of  beat  produce<l  iu  the 
living  body  is  attended  with  great  difficulties;  still,  certain  conclusions  have 
•^wn  arrive<i  at  base<i  partly  on  direct  calorimetric  observations,  the  more 
'Wtnt  ones  with  improved  calorimeters  being  especially  valuable,  and 
Partly  on  what  seem  to  be  trustworthy  deductions  from  oWrved  chemical 
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ilie  rate  of  production  of  heat  in  a  living  body  is  determined  by  a  variety 
"f  Hmimstances.  In  the  first  place,  what  may  be  called  the  general  rate  of 
iDcUiboligra,  and  so  of  the  production  of  heat,  varies  in  diflerent  kinds  of  ani- 
QMik.  Of  two  animals  (»f  the  same  bulk  and  weight  placed  under  the  same 
drmmstaiices.  one  "  lives  faster  "  than  the  other,  metalxtlizes  its  living  sub- 
*»nce  more  rapidly,  and  so  produces  heat  more  rapidly.  Thus  direct  calori- 
tMiric  observations,  as  far  as  they  at  present  go,  show  that  a  man,  on  the 
»V(!jmge,  produces  more  heat,  per  kilo,  per  hour,  than  dties  a  dog,  and  a  dog 

re  than  a  rabbit.     Probably  every  species  has  what  may  be  called  its 
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specific  coefficient,  and  every  individual  his  personal  coefficient  of  heat-proJ 
tiuction,  the  coefficient  being  the  expression  of  the  inborn  tjualitieg  proper  toi 
the  living  substance  of  tlie  species  and  of  the  individual.  ] 

A  larger  living  body  will  natuntUy  produce  more  heat  than  a  em&llec* 
living  body  of  the  s^ame  nature,  ^ince  the  larger  body  poaBCBacs,  eo  to: 
speak,  a  greater  number  olheat-proiiucing  units.  But  this  is  neutralized  hf\ 
an  opposing  tendeucy.  The  jitiiallei-  body,  having  relatively  to  its  bulk  a 
larger  amount  ot'suriaoe.  Iopob  beat  at  a  more  rapid  rale  than  does  the  larger 
bo(fy;  and,  therefore,  to  maintain  the  balance  between  loss  and  production,; 
80  as  to  secure  the  same  conataot  bodily  temperature  (and.  as  we  have  just' 
seen,  the  bodily  temperature  of  warm- blooded  animals  is  remarkably  unifonn),| 
it  must  produce  heat,  per  unit  of  it8  body,  at  a  more  rapid  rate.  As  a  rulej 
the  greater  lo&s  of  heat  owing  to  the  relatively  greater  surface  is  so  niarkedj 
that  of  two  animals  having  the  same  constant  bodily  temperature,  of  twai 
suecies  of  nmmmulK,  or  of  two  individuals  of  the  :^ame  race,  we  should  expect 
Ine  smaller  one  to  produce  a  relatively  larger  amount  of  heat.  And  direct 
calorimetric  observations  show  that  this  ii;  so.  The  struggle  for  existence: 
has  raised  what  we  have  just  called  the  specific  or  personal  coefficient  of  thai 
smaller  animal.  I 

PVoni  what  we  have  seen  concerning  the  immediate  etfects  of  a  meal,  waj 
should  be  inclined  to  expect  that  food  would  tein|K>rarily  increase  the  pro-| 
duotiou  of  heat ;  und  not  only  is  this  view  conlirnied  by  common  experience 
aiiit  by  our  own  sensutiouH,  bnt  direct  rahirimetric  observations  afford  experi-i 
menial  prooi"  r»f  it.'-  truth,  lu  the  dog  it  has  been  found  that  the  rate  of 
production  increases  alter  a  ]neal,  reaching  its  maximum  from  the  sixth  to 
the  ninth  hour,  and  then  declining  to  a  level  which  nmy  be  regarded  as  that 
secured  by  the  general  metabulistn  of  the  body,  and  which  appears  to  be 
maintained  with  remarkable  constancy  until  afler  long  starvation  the| 
economy  begins  to  break  down.  Thus,  in  some  experiments  the  productioo 
at  the  ninth  hour,  aiXer  an  ordinary  meal  of  meat  and  fat,  wa^  at  a  rate 
about  2i^  or  25  per  cent,  greater  than  tliitt  at  which  it  was  going  on  befonf 
fond  was  given,  and  to  which  it  subsequently  sank  before  food  wdb  again 
given.  It  would  ap]>ear  that  if  sugar  be  added  to  the  meal  the  rise  becomes 
more  marked  at  an  earlier  period,  as  if  the  ecotioiuy  found  sugar  easier  to 
consume  than  fat.  This,  however,  ia  a  matter  which  as  yet  requires  to  bft 
more  fully  worked  out. 

LalK>r,  muscular  work,  has  a  powerful  iniiuence  in  increasing  the  produc- 
tion of  heat.  As  we  have  seen^  of  the  total  heat  pr<Kluced  in  the  body.  &| 
certain  portion  must  always  be  attributed  to  muscular  contractions,  which | 
even  in  the  most  f|uiet  body  are  always  going  on  ;  in  an  ordinary  active  bodyj 
a  considerable  ^^uantity  of  heat  must  be  thus  generateil.  Hence,  the  more 
active  the  body  the  greater  the  production  of  heat.  As  we  stated  liefore 
(§  ^").  in  a  contraction  the  proportion  of  the  energy  set  free  to  do  work  to 
that  set  free  as  heat  appears  to  vary  under  different  circumstances;  and  tho 
increase  of  heat  due  to  labor  probably  varies  in  a  corresponding  way.  Tho 
details  of  this  relation  have  yet  to  be  worked  out,  but  we  may  at  least  ood* 
dude  that,  when  a  man  pushes  his  daily  labor  beyond  the  150,000  kilo- 
gramme-metres, the  addiiional  energy  thus  leaving  his  body  as  work  done  is 
not  taken  out  of  the  fs50,000  kilogranime-meLres  given  in  §  6'J9  as  the  average 
daily  output  of  heat,  but  the  total  setting  free  of  energy  and  the  total  pro- 
duction of  heat  is  at  the  same  time  increased.  And  it  nt^d  hardly  be  said 
that  the  figures  in  fpiestion  give  only  an  average  estimate  for  a  man  of 
average  build  and  weight,  taking  an  average  amount  of  average  food^  aadt 
doing  an  average  amount  of  work.  i 
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1 53d.  The  production  of  heat  thua  determined  by  these  several  influences, 
of  which  are  themselves  reguhit^d  by  the  nervous  system,  is  further 
TCgulated  in  a  remarkable  manner  For  it  13  not  solely  bv  variatioiH  in  the 
loiof  heat  that  the  constant  tempeniture  of  the  warm-bhxHled  luiirnal  is 
miintained.  Variaiioua  in  the  araoiini  of  heat  iictually  generated  in  the 
WAy  constitute  an  im|x^rtant  factor,  not  only  in  the  maintenance  uf  the 
niinual  temperature,  but  also  in  the  production  of  the  abuonnally  high  or 
low  ien)|N:*nUureia  of  various  diseases.  Many  con-^iderations  have  long  led 
Iihysiolo^ists  to  suspect  the  existence  of  a  nervous  mechanism,  by  which 
ttrt^reut  impulses  arising  in  the  skin  or  elsewhere  might,  through  the  central 
nervous  system,  originate  efferent  impulses,  whose  ellect  would  be  to  increase 
or  to  diminish  the  metabolism  of  the  muscles  or  other  organs,  and  thus  to 
incrmse  or  diminish  the  amount  of  heat  generated  fnr  the  time  being  in  the 
My.  The  existence,  in  fact,  of  a  metabolic  or  thermogenic  nervous 
niechanwni,  comparable  in  many  respects  to  the  vasomotor  mechanism  or  t<» 
the  various  secreting  nervous  mechanisms,  seems  in  itJselF'i  priori  probable. 
Ami  we  ha\-e  experimental  evidence  that  such  a  mechanism  does  really 
exifit. 

The  warm-blooded  animal  is  distinguished  from  the  culd-bloodeil  animal 
by  the  fact  that  when  it  id  exposed  to  cold  or  heal  it  di>ea  not.,  like  the  latter, 
become  colder  or  hotter,  as  the  case  may  be,  but,  within  certain  limits, 
mnintaius  its  normal  temperatun.*.  If  the  maintenance  of  the  tem|>erature 
of  the  warm  bloo<ied  animal  during  expi>snre  to  cold  is  assisted  by  an 
increased  production  of  heat,  and  is  not.  due  simply  to  a  diminished  loss,  we 
ouj^'ht  to  find  evidence  of  an  increased  metabolism  during  that  exposure. 
^Ve  ought  to  tind.  under  these  circumstances,  an  increased  jtroduction  of 
carlHtnic  acid  and  an  increased  consumption  of  oxygen,  since  it  is  to  these 
prikluots,  rather  than  to  the  nitrogenous  factors,  on  the  peculiarities  of  which 
a»  uncertain  signs  of  metabolism  we  have  already  insisted,  we  must  look  for 
iinlicationa  of  the  rise  or  fall  of  metabolic  activity.  Of  these  two,  the  pro- 
duction of  carbonic  acid  and  the  consumption  of  oxygen,  the  latter  is  the 
tnore  imporiunt  and  trustworthy  measure  of  metabolism,  especially  when 
obeiervaiions  are  made  for  short  periods  only  at  a  time  ;  for,  as  we  have  seen 
ID  tr*;tttiug  of  respiration,  the  exit  of  carbtmic  acid  is  more  closely  dependent 
on  the  action  of  the  respiratory  mechanism  than  is  the  income  of  oxygen,  and 
oirhonic  acid  can  be  retained  in  loose  combination,  and  so  temporarily  stored 
lp  by  various  constiiueiils  itf  the  body. 

Taking,  then,  the  consumption  of  oxygen,  and,  though  with  less  contidence. 
•tb^  priMiuclion  of  carbonic  acid,  as  a  measure  of  metabolic  activity  and  so  of 
Ikent-pnxluction,  it  has  been  shown  thai  a  marker!  contrast  in  this  resfiect 
^cxiits  l>etweeu  cold-blooded  and  warm  blooded  animals  ex|w>8ed  to  changes 
of  temperature.  In  the  cold-blood  animal,  cold  diminishes  and  heat  increases 
Oki  metabolic  activity  of  the  b*>dy  ;  as  the  temperature  to  which  the  animal 
•*  subjected  rises  or  falls.  »»  the  cousumption  of  oxygen  and  production  of 
Cttrbonic  acid  is  increa.sed  or  lessened.  The  btnly  of  a  cold-bl(H>de<l  animal 
>  ill  thb  resf)ect  like  a  mixture  of  dead  substances  in  a  chemist's 
heat  promotes  and  cold  retards  chemical  action  in  both  case^.  Very 
U  is  the  behavior  of  a  warm  blooded  animal.  In  thi.-i  ca=ie,  within  a 
>Wer  and  a  higher  limit,  c<dd  increases  and  heat  diminishes  the  boilily  meta- 
>Ii«m,  as  shown  by  the  increased  or  diminished  con^^umption  of  oxygen  and 
luction  of  carbonic  acid  as  the  temperature  falls  or  rises.  In  these 
there  is  obviously  a  mechanism  of  some  kind,  counteracting,  and 
overcoming,  these  more  direct  electa  which  alone  obtain  in  cold- 
bliKxIed  animals.  And  that  this  mechanism  is  of  a  nervous  nature,  is  iodi- 
hy  the  following  facts  : 
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When  tt  warm-blooded  Hiiimiil  is  poianned  by  urari,  the  temperature  falU 
and  the  meLaboliBm,  rueusured  by  the  cuiisuuipliou  of  oxygen  and  the  pro- 
duction of  carbonic  ncid.  sinks  also  ;  and  thai  the  latter  i^i  the  oauge,  not  the 
efl'ect,  of  the  former  is  shown  by  the  fact  that  the  metabolism  continues  to 
fkll  though  losa  of  heat  be  prevented  by  surrounding  the  animalri  with  wrap- 
pings of  cotton-word.  In  such  a  nrarized  animal,  exposure  to  higher  tem- 
peratures augnient^  and  exposure  to  lower  temperatures  diniinighes  meta- 
noliam  ;  the  nnrized  warm  bloodied  animal,  in  fact, behaves  likeacoM-bloiMieil 
animal.  Stnular,  but  p^rlia|>»  Jtoi  Huch  t^triking  or  so  constant  results,  aie 
gained  by  4iivibi(jn  <d'  the  medidia  i)bl(ingat.a.  Arter  this  operation  the  tem- 
perature of  the  body  sinks,  and  the  fall.  Unmt^li  partly  due  to  increased  biss 
of  iieat  by  the  fckin.  caused  by  the  dilated  rondition  of  the  cutaneous  veasel:-, 
is  also  accompanied  by  diminished  metabolism,  and  is,  therefore,  in  part  due 
to  diminished  production  of  heat.  And  when  an  animal  is  in  this  condition, 
exposure  to  higher  temperatures  increases  and  exposure  to  lower  temjtera- 
lures  diminishes  the  bodily  metabolism.  We  can  best  explain  these  results 
by  supposing  that,  under  normal  conditions,  the  muscles,  which  as  we  have 
seen  eontribuTi=!  so  largely  to  the  total  heat  of  the  bo<ly,  are  placed,  bv  means 
of  their  motor  nerves  and  the  central  nervous  system,  in  s<»me  special  con- 
nection with  the  skin,  so  that  a  lowering  of  the  temperature  of  the  skin  leads 
to  an  increase,  while  a  heightening  of  the  temperature  of  the  skin  leads  to  a 
decrease  of  the  niuticular  metabolism.  Further,  tiie  centre  of  this  therrao- 
tftxic  reBex  mechanism  a[t[>ears  to  he  placed  si>mewhere  in  the  nervous  system 
above  the  spina!  cord.  When  urari  is  given,  the  rettex  chain  is  broken  at 
it«  muHcnlar  end  ;  when  tiie  spinal  cord  is  diviiled,  the  break  is  nearer  the 
centre.  Whether  we  should  conclude  that  the  working  of  this  reflex 
mechanism  is  of  such  a  kiml  that  cold  to  the  skin  excites  the  centre  to  a 
heat-producing  activity,  or  of  such  a  kind  tliat  warmth  to  the  skin  inhibits 
a  [previously  existiug  automatic  activity  of  the  centre,  may  be  lefl  for  the  ^ 
present  undetermined. 

We  may  add,  that  the  muscular  metabolism  which  thus  help«  to  regulate 
temperature  need  not  involve  visible  mu.scular  contractions.     At  the  same  I 
time,  the  heat  given   out  by  the  muscles  will  be  temporarily  increased  at 
every  contraction  which   may  occur.     Thus,  the  shivering  which   follows  t 
exposure  to  cold  distinctly  heljis  to  warm  the  body;  indeed,  some  observers 
have  been  led  to  think  that,  in  nnm,  this  visible  effecrt  of  cold  plays  a  more 
important  part  in  his  heat  regulation  than  the  invisible  actions  which  we 
have  just  described.    We  may  also  add  that  the  regulative  nervous  mechanism 
may  apparently  be  overborne  by  an  exposure  to  too  great   heat  or  cM. 
When,  for  inslance,  the  cold  to  whi^h   the  animal  is  exposed  becomes  exres- 
dve.  the  reaction  nf  the  thermotaxic  nervous  system  is  powerless  a^^nst  the 
direct  action  on  the  tissues  of  the  depressing  intlueuces,  and  the  metabolism,  i 
together  with  the  temperature,  sinks.  I 

The  results  with  urari  just  mentioned  seem  to  show  that  this  thermotaxic  | 
nervous  mechanism  hears  chieHy  on  the  skeletal  muscles.  Whether  the 
glandular  organs  take  any  part  in  it.  or  whether  they  have  a  metabolic 
thermotaxic  machinery  of  their  own.  of  such  a  kind,  for  example,  that  the 
increase  of  heat  proihictiou  due  to  food  is  the  result  not  so  much  of  the 
immediate  consumption  of  part  of  the  iood  itself  (luxus  consumption)  as  of 
the  presence  of  i'oixl,  in  the  alimentary  canal  or  after  absorption,  stirrin 
the  liver  to  increased  metabidism,  we  do  not  at  present  know, 

^  536.  In  a  number  of  experiments  it  him  been  shown  that  injurie.-^  to,  such 
as  thfise  cause<i  by  puncture  m  galvanic  cautery,  ftr  electrical  stin)ulation  of 
limited  portions  of  the  more  central  portions  of  the  brain,  may  give  rise  to 
a  great  increase  of  the  temperature  of  the  body  without  producing  any  o^g& 
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BjllBMLsymptom.     The  increase  is  shown  hy  the  increase  nf  mctal>o)isn], 
nHHM  production  of  carbonic  acid,  and  increased  consumption  of  oxygen, 
•8  well  OB  by  direct  calorimetric  ob^crvaiions,  to  be  due  to  tin  increased  pro- 
driction  of  heat.     Thi.s  iiuiurally  sug;B;^stji  that  the  portions  of  the  brain  in 
question  contain  the  hy|H)llieLit^iil  heat  centre  just  niwntioned,  the  legion  on 
Uiniulation  exciting  the  centre  to  activity  by  direct  action  on  it.  instead  of 
in  the  usual  reflex  rnanuer.     The  matter  has  not,  however,  as  yet  been  clearly 
worked  out:  and  indeed  observers  are  not  agreed  as  to  the  exact  parta  of 
[h(?    brain  injury  to  which,  or   stimulation  of   which,  pro(iuces   the  effect. 
While  some  plac*e  it  in  the  median  and  bai^al  portions  of  the  corpus  striatum, 
others  maintain  that  it  \»  situated  in  the  ujnic  thalainuj*.     The  fact,  however, 
penaains  that  nn  afiection  of  a  very  limited  portion  of  the  central  nen-ous 
n'Stem  may,  without   priKlucing  any  other  obvious  etfect^,  so  increase  the 
beat  production  tiF  the  btxiy  as  to  raise  the  temperature  of  the  body  several 
degrees. 
§  537.   By  regulative  mechanisms  of  the  kind  just  discussed  the  tempera- 
re  of  the  warm-blooded  animal  is  maintained  within  very  narrow  limits. 
In  ordinary  health  the  temperature  of  man  varies  between  ot>^  and  .S>?'^,  the 
Dirrower  limits  being  3(i.2o'^  and  .'l7.o'^,  when  the  thermometer  is  placed 
in  the  axilla.     In  the  mouth  the  readiog  of  the  thermnmeter  is  somewhat 
(0.25°  to  l.r>^)  higher  ;  in  the  rectum  itissiili  higher  (ahont  lX9°>  than  in  the 
mouth.      The  temperature  of   infants  and  children  is  slightly  higher  and 
much  more  susceptible  of  variation  than  that  of  adtdts,  and  after  forty  vcars 
'>f  age  the  average  maximum  temperature  (of  health)  is  somewhat  Inwer 
iban  before  that  epoch.     A  diurnal  variation,  independent  of  food  or  other 
circumstances,  has  been  observed,  the  maximum  ranging  from  U  a.m.  to  6 
r.M.  and  the  minimum  from  II   p.m.  to  H  a.m.     MeaL-^  cause  sometimes  a 
flight  elevation,  sometimcii  a  slight  depred.sion.  the  direction  of  the  influence 
'Upending  on  the  nature  of  the  food — alc*ohol  seems  always  to  prcMJuce  a  fall. 
Exercise  and  variali<ms  of  external    lemi>erature,  within  onlinary  limits, 
cjiiiae  a  very  slight  change,  on  account  of  tne  compensating  influences  which 
Uve  l>een  discussed  above.      The  rise  from  eveu  active  exercise  does  not 
amount  to  1°  ;  when  labor  U  carried  to  exhaustion  a  depression  of  tem|>era- 
lut*  may  be  observed.     In  travelling  from  very  cold  to  very  hot  regions  a 
virijiiion  of  less  than  a  degree  occurs,  and  the  temperature  of  inhalbitants 
of  the  tropics  ia  practically  the  same  as. of   those  dwelling  in  arctic  re- 
pons. 

5  588.  Many  of  the  maladies  of  the  body  are  characterized  by  an  increase 
'jf  the  bodily  temperature  known  as  "fever"  or  "  pyrexia,"  the  thermometer 
Pery  frequently  rising  to  lM}°  or  40",  not  unfrequently  to  41°,  and  at  times 
r««ching  43^  or  even  44**  ;  but  these  higher  temj>erature«  cannot  long  be 
Ijorne  without  the  organism  failing.  And,  as  we  have  said,  any  increase  in 
man  of  the  bfMlily  tem|)eniture  beyond  ;i8°,  or  even  beyond  37.5°,  indicates 
•'^nje  diftiurbance.  In  most  cases  the  rise  of  temperature  has  a  delinite 
wjtvlive  cauH.',  some  local  inflammation  or  suppuration,  or,  as  in  sfieciHc 
ftjtrs,  the  presence  in  the  economy  of  some  "  materies  morbi,'*  of  the  nature 
ko  orgauixe<]  germ  or  of  some  other  nature.  We  cannot  here  discuss  the 
!lion  betweea  local  inflammation  or  the  speciHc  poison  and  the  high 
Ipsrature,  but  we  have  increasing  evidence  that  the  high  temperature  of 
fever  is  due,  not  merely  in  a  diminution  of  the  loss  of  heat,  though  this  may 
be  a  factor,  but  also,  and  indeed  chiefly,  to  an  increased  production  of  heat 
In  fever  the  production  of  carbonic  acid  and  the  consumption  of  oxygen, 
that  is  to  aay,  the  metabolic  changes  of  the  tissues,  are  increased.  The  urea 
aUu  i«  increased,  and  that  in  such  a  way  as  to  conflrm  the  view  already 
eiprcsKd  that  much  of  the  beat  comes  from  such  a  metabolism  of  the  skele- 
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tal  muscles  as,  uuliku  au  ordioary  contractiuii,  direclly  involves  the  nitro- 
genous elenietitH.  Tbe  iuoHinate  metabolism  of  the  body  at  large  thus 
characCeristic  of  fever  is  Bhovvu  by  llie  waating  which  it  entails.  Calorimetric 
obfiervations  also  show  in  a  direct  rannner  thia  the  prodtictioa  of  heat  is 
increafied.  Of  course,  mere  increased  production  alone  would  be  insufficient 
to  raise  the  temperature  of  the  body,  lor  it  might  be  met,  up  to  a  very  high 
limit,  by  a  cnmpeusatiiig  increase  of  losa  of  heat;  but  in  fever  thi^  coin- 
i>ensatioii  is  waniin^r,  aud  it  is  perhajK*  tlili^  abseuce  of  clue  regulatiuu  which 
J**  most  characteriBtic  of  the  febrile  condition. 

In  some  maladies  the  boiiily  temperature  falls  distinctly  below  the  normal 
avei'age,  reachiug  for  iustuuce  85°,  or  even  lower.  In  such  cases  there  ciiu 
be  little  doubt  that  the  condition  is  due  to  diminished  nieiabulism  and 
diminished  heat  production. 

One  of  the  most  marked  phenomena  of  starvation  is  the  fall  of  tempera- 
ture, which  becomes  very  rapid  during  the  last  days  of  life.  The  lowered 
roetahr)]iMm  iiiminishes  the  production  of  heat,  and  the  lowered  temperature 
in  torn  still  further  diminishes  ihe  metabolism.  Indeed,  the  low  tem]>era- 
ture  ia  a  powerful  factor  in  bringing  about  death,  for  life  may  be  much 
prolonged  by  wrapping  a  starving  animal  in  some  bad  conductor,  so  as  to 
economize  the  bodily  heat. 

§  639.  Effects  of  greai  beat.  As  we  said  above  the  regulative  heat  me- 
chanism is  unable  to  withstand  the  strain  of  too  great  an  external  heat  or 
too  proh)nged  an  e.tpijsure  to  a  great  but  less  degree  of  heat.  The  tempera- 
ture of  the  hodv  then  rises  above  the  normal ;  aiul  it  ha^  been  observed  that 
the  temperature  is  more  easily  rai8e<I  hv  warmth  than  depressed  by  cold,  at 
lenbt  when  neither  ia  very  intense.  When  either  in  this  way  by  external 
warmth  or  through  pyrexia  the  temperature  of  the  body  is  raised  some  6^ 
or  7°  above  the  normal,  to  45^  or  thereabouts,  death  speedily  ensues.  The 
chain  of  events  thus  leading  to  death  has  not  been  as  yet  clearly  made  out, 
and  most  likely  the  events  do  not  take  exactly  the  same  course  in  all  cases; 
but  we  ^hall  probahlv  not  go  fur  wnmg  in  attributing  dejith  to  the  fact  thai 
the  high  temperature  hurries  on  the  metabolism  of  the  several  tissues,  of 
some  more  than  others,  at  such  a  spendthrift  rate  that  their  capital  is  soon 
exhausted.  We  have  seen  (S  372)  that  too  warm  blood  produces  dyspnoea 
and  mm\  exhav]f*t(?  the  metabolic  capital  of  the  respiratory  centre.  Too  warm 
blood  similarly  hurries  on  the  beata  of  the  heart;  an  explosion  of  the  con- 
tractile substiince  ia  each  time  prematurely  brought  on  before  a  sufficient 
(juantity  of  explosive  substance  is  accunuilated,  each  stroke  becomes  more 
and  more  feeble  as  the  rale  ia  quickened,  the  beats  become  irregular  and 
finally  cease.  Either  of  these  two  events  alone  and  certainly  both  together 
are  enough  to  bring  the  working  of  the  bodily  mechanism  to  an  end  ;  but 
other  tissues  besiile  the  heart  and  the  respiratory  centre  are  suflering  in  ihe 
same  way.  notably  the  rest  of  the  central  nervous  system.  This,  too,  is 
l)e)ng  hurried  on  unthily  in  it«  inner  changes,  so  that  not  only  conscioasiiees 
is  lost  and  other  objective  manifeHtations  of  nervouf*  action  go  wrong  or  fail, 
but  that  regulative  grasp  t»f  the  central  nerv^ms  system  on  the  tis^iues  of  the 
body  at  large  is  loosened,  and  tumult  takes  the  place  of  order.  Whether 
this  or  that  sign  of  disorder  comes  to  the  front,  whether,  for  instance,  con- 
vulsions take  place,  would  appear  to  depend  upon  the  exact  turn  taken  by 
the  abnormal  events.  In  heat-stroke,  more  commonly  known  as  sun-stroke, 
the  essential  condition  of  which  seems  to  l>e  a  rapid  rise  of  the  temperature 
of  the  body,  owing  to  a  sudden  failure  of  the  thermotaxic  mechanism,  the 
symptoms  vary.  Sometimes  the  heart  suddenly  gives  way,  at  other  timea  the 
respiratory  centre  seems  to  be  more  directly  aflected  ;  sometimeft  convuUions 
make  there  appearance,  but   more  commonly  death  takes  place  throngfa  a 
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conutOAe  condition  of  the  brain,  an  initml  j^hase  of  excitement  of  the  central 
nervous  ftYBtem  boin^r  not  unfreqneiitly  witnessod. 

Maiiiinulian  rauecle.  it  will  be  reiiiembereii  (^  84),  becomes  rij^id  at  about 
0*1°  ;  but  death  prof)ably  alwayn  nrcurs  liefore  that  higher  temjierature  is 
reached  by  the  blood,  so  that  a  sudden  rigor  mortis  fnvni  beat  (rigor  caloria) 
C8DIIOI  be  regarded  as  a  factor  in  death  fnmi  exptwiire  to  loo  great  heat.  But 
oiihl  that  temperature  ever  be  reached  by  the  living  body,  all  we  know 
fls  us  to  infer  that  a  sudden  rigidity  of  the  whole  bo*ly  would  nt  once  put 
an  abrupt  eud  to  lite;  to  suppose  that  a  human  body  can  truly  repater  this 
or  ti  higher  ten]{>erHture  while  remaining  alive,  to  suv  nothing  of  showing  no 
tokens  of  distress,  entails  the  enppositinn  that  such  a  body  can  ditler  from  it« 
felifjw.1  in  its  absolutely  fundamental  rjiialities,  and  yet  make  un  other  sign. 

5&  540.   Effech  of  grt^tii  cohL    The  eflTects  of  a  ttwj  great  h)wering  of  the  tera- 
|je™ture  of  the  body,  which  is  generally  the  result  of  too  great  external  cold 
ttn*l   THrely  if  ever  arises  from  internal  causes  lowering  the  metab-diam  and 
ibus  the  prtMluction  of  heal,  arc  in  their  origin  the  reverse  of  those  of  a  too 
high  temperature.     The  metabtiliam  of  the  tissues  is  lowered;  and  not  only 
are    the    kntabolic  changes  which   lead  to  the   setting  free  of  energy  thus 
ftff«cied.  but  the  anabolic  changes  also  share  in  the  depression.    The  "  living 
luKstance"  falls  to  pieces  less  readily,  but  is  also  made  up  less  readily;  and 
could  this  slackening  of  metabolism  be  carried  on  in  the  several  tissues  at 
arate  proportionate  to  the  rate  at  which  e^ich  tissue  live?,  life  might  thus  be 
hn>ughl  to  a  peaceful  end  by  gradual  arrest  of  the  life  of  each  part  of  the 
*bole  b(Kly.     And.  indeed,  in  some  cases,  where  the  lowering  of  the  tem- 
perature takes  place  gradually,  something  like  this  does  occur  even  in  warm- 
Hootieti  animals.     The  diminished  metabolism  tells  lir»t  and  chietiv  on  the 
QUtrnl  nervous  system,  es[teeially  on  the  brain  and  more  particularly  no 
those  parts  of  that  organ  which  are  concerne<l  in  consciousness.    The  intrinsic 
lowering  of  the  cerebral  metnbf»iiam  is  further  assisted   by  a  shtwing  of  the 
heart-beat  and  of  the  breath;  drowsiness  is  succeeded  by  a  cnndition  very 
like  t/>,  if  not  identical  Avith.  that  known  as  sleep,  which  we  shall  ntudy  later 
MU,  but  by  a  sleep  which  insen^^ibly  piwse-s  into  the  sleep  of  death.     In  some 
cues,  however,  especially  those  in  which  the  lowering  of  the  temperature  is 
Middeo  and  rapid,  disorders  of  the  nervous  system  intervene  and  convulsiona 
iike  those  of  asphyxia  are  produce<l. 

^541.  Hibernation.  In  the  majority  of  warm-blooded  animals,  the  condi- 
tioua  thus  induced  by  cold  are  rapidly  fatal,  and  moreover  in  their  progress 
very  ftiHjn  reach  a  stage  from  which  recovery  becomes  impossible.  In  the 
caw  of  ^>me  few  animal?,  :*cattered  members  of  several  groups  of  mammalia, 
*  similar  depression  of  metabolism  by  cold  is  of  yearly  occurrence,  taking 
plsr«  regularly  a^  the  external  temperature  falls  in  winter,  and  being  thrown 
off  ivgularly  a^  the  external  tem|>erature  rises  in  spring.  Such  animals  are 
»pf>keD  of  as  hibernating  animals. 

We  are  not  able  at  present  to  explain  why  these  animaln  l>ehnvc  in  this 
WBV.  It  is  obvi(ms  that  for  some  reason  they  lack  that  i>ower  of  reaction 
*wiMi  external  cold  which,  as  we  have  seen,  is  one  of  the  characteristii-s  of 
the  warm-blooded  animal,  but  we  cannot  state  what  is  the  difference  in  their 
economy  which  leads  to  this  lack.  The  "  winter  sleep  "  is  undoubtedly  due 
tA  the  cold  of  winter,  and  may,  in  some  cases  at  all  events,  be  induced  by 
crtld  pr«»duced  artiticially  in  summer;  but  the  system  is  predisposed  and 
adapted  to  undergo  the  change  at  the  ap|>ointe<l  seasfm,and  a  dornmuse  may 
hit  into  winter  sleep  at  a  lem[)erature  in  winter  higher  than  that  at  which 
it  awakes  in  spring. 

The  phenomena  of  the  htl»crnating  mammal  may  be  described  as  those 
du«  to  a  lower  rate  of  metabolism,  and  hence  to  lowered  activity  of  the 
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but  moderate  strength ;  nn<l  the  breaths  are  few,  feeble,  ajid  far  between. 
Respiration  and  circuhUioD  are  thus  going  on.  but  ^o  on,  so  to  speak,  at 
almost  the  slowest  possible  rate  consistent  with  the  continuance  of  the  work- 
ing of  the  et'ononjy.  The  breathe  are,  ae  we  have  said,  few  and  far  l>etweea, 
but  they  suffice  to  carry  to  the  tii*8iiea  the  small  amonnt  of  oxygen  which 
these  need  and  to  carry  ofl'  the  small  amount  of  carbonic  acid  which  they 
produce.  So  small  is  the  respiration  of  the  tisauea  tnat  in  the  depths  of  the 
winter  sleep  the  venous  blood  is  almost  as  bright  as  the  arterial,  the  color  of 
which  is  nearly  normal.  And  the  small  amount  of  destructive  katabolic 
changes  which  is  going  on  is  shown  by  a  change  in  the  respiratory  quotient; 
oxygen  is  taken  up  out  of  proportion  to  the  carbonic  acid  expired.  Indeed, 
it  ha?  been  observed  that  a  dormouse  actually  gained  in  weight  during  a 
hibernating  period;  it  discharged  during  this  period  neither  urine  nor  feces, 
and  the  gain  in  weight  was  the  excess  of  oxygen  taken  in  over  the  carbonic 
acid  given  out. 

As  far  as  reirards  the  other  functions  of  the  bocTy  all  that  c-ao  at  present 
be  said  is  that  the  several  fundnmenta!  activities  of  the  various  tissues,  though 
lowered,  are  still  coutitined  very  nujch  tw  usual.  The  muscles  and  nervous 
elements  are  irritable;  indee<i,  the  hibernatiug  animal  may  be  awakened, 
though  with  dithculty,  by  adequate  stimulation  ;  and  as  an  instance  of  the 
fundamental  similarity  of  the  sleeping  with  the  awake  condition,  we  mar  say 
that  the  slowly  beating  heart  can,  during  hibernation,  be  still  further  slowed  or 
be  arrested  by  stinmkition  of  the  vagus  nerve.  The  essential  feature  of  hiber- 
nation in  fact  is  that  external  cold  is  not  resisted  by  the  thermotaxic  nervous 
mechanism,  but  lowers  the  metabolism  of  all  the  tissues,  and  thus  lowers  the 
functions  of  the  whole  body.  When  even  in  deep  winter  the  hibernating 
animal  is  exf)i-a<'d  to  adequate  warmth,  the  increased  temperature  awake.-;  the 
tissues  to  increased  metabolism,  and  the  awakened  animal  regains  the  bt.»dily 
temperature  ami  acquires  nil  the  pitwers  which  it  }>o&sesscd  in  mitisummer. 

Preparatory  to  the  oncoming  of  hibernation  the  body  lays  uji  unusuaJlv 
large  stores  of  fat  for  the  winter's  expenditure.  Many  hibernatiug  animals 
possess  a  "  hibernating  gland,"  the  cells  of  which  become  loaded  with  fat  in 
the  autumn  and  lose  it  during  hibernattun ;  but  in  all  cases  the  great  store 
of  fat  is  in  the  adipose  tissue  generally.  The  liver  of  the  hibernating  ani- 
mal, at  all  events  of  the  dormouse,  contains  a  considerable  quantity  of 
glycogen,  which  may  be  regarde(i  as  quite  cotnparable  to  the  hepatic  glyco- 
gen of  the  winter  frog  (i;  456).  The  lat  thus  stored  up  before  the  approach 
of  winter  serves  as  the  main  supply  of  material  for  metabolism  in  the  winter 
sleep.  Since  during  the  whole  lijt>ernating  |)erifKi  some  amount,  at  least,  of 
oxygen  is  at  the  commnnd  of  the  tissues,  we  have  no  reason  to  think  that  tJ)e 
metabolism  of  hibernation  it«  fuiidtinieutally  different  from  the  metabolism  of 
ordinary  life,  or  that  tiie  stored  up  fat  suffers  changes  and  givee  rise  to 
energy  in  other  ways  than  by  the  oxidation  which  fat  in  an  ordinarv  way 
undergoes  in  the  body.  Nevertheless  a  detailed  study  of  the  metabolism  of 
hibernation  accompanies!  by  direct  calorimetric  observations  would  probably 
disclose  interesting  results. 


On  Nutrition  in  General. 


§642.  It  may  now  be  profitable  to  take  a  brief  survey  of  the  various 
conclusions  at  which  we  have  arrived  concerning  the  problems  of  nutrition. 

We  have  seen  that  the  several  tisanes,  using  lymph  as  a  medium^  live  uj>m 
the  bloo<i,  taking  up  from  the  blood  the  materials  for,  ami  returning  to  the 
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roni  tne  aiimemnry  canal  ana  wini  oxygen  iVom 
ih«  liiugg.  and  to  l>e  iVeed  Jnun  waisle  pruilufts  by  means  of  the  excretory 
or^ganft.  In  this  donble  action  the  niw  ttiaterial  of  the  fotxl  on  the  one  hand 
uodergoeii,  between  its  being  [ilatred  in  the  luonlh  und  ibj  taking  part  in  the 
Qietaboliflui  of  the  tisiiuc  which  nltiniulely  u^es  it,  niiiny  inlormedintt;  changes 
cftrrie<l  on  in  various  parts  of  the  hixly,  and  the  waate  product±$  similarly 
Dodergo  iuterniediate  changes  between  leaving  the  tia&ue  and  ap|}eariug  in 
'  e  tirine,  the  sweat,  or  the  expirctl  air. 

We  have  further  seen  reason  to  think  that  the  metabolic  events  of  the 
bodjr  take  place  in  the  main  in  the  tissues,  not  in  the  blond  stream  on  ita 
wAy  between  the  heart  and  the  tissues.  Changes,  proper  to  the  hlmnl  itself. 
take  place  in  the  blond;  ibe  corpuscles,  red  ainl  white,  with  the  plasma 
aaclergo  like  the  rest  of  the  body,  their  propter  metabolic  cycles,  and  In  this 
Mn««  blood  may  he  called  a  tissue  if  there  is  any  advantage  in  using  the 
pbraae :  but.  apart  from  these  inlriuslc  blood  changes,  hh  far  as  we  can  see  at 
present,  the  metaboliMn  undergone  during  their  transit  along  the  blood 
chctnuels.  by  the  bub^tauct^  which  are  merely  carriei]  in  the  hlood  from  place 
t»i  place,  h  an  insignificsnt  part  of  the  total  metabolism  of  the  body. 

Hy  metalx^lism  of  a  tissue  we  unden^tand  the  total  chemical  changes  taking 

plaoe  in  the  tissue;   and  we  rlivide  thcj^e  changes  into  those  which  either 

directly  or  indirectly  are  concerned  in  the  building  nf>  (anabolic),  and  those 

v^tch  are  iu  like  manner  concerned  in  the  breaking  dowu  (katubolic)  of  the 

living  substance.     We  shall  cxjjlain   presently  what  we  mean  by  the  words 

"directly'*  and  "indirectly"   used  in  this  connection.     And  we  may  here 

reixAt  the  caution  (^  oO)  that  though  for  convenience  sake  we  use  the  phrase 

"  living  subetaoce/'  what  is  really  meant  by  the  words  is  not  a  thing  or  b<xly 

of  a  particular  chemical   compc»sition,  but  matter   undergoing  a  series  of 

changes. 

i  543.  Since  the  several  tissues  originate  through  a  differentiation  of  the 
rittjpler,  primortiial  protoplasm,  we  may  infer  that  we  have  a  right  to  speak 
'•fageneral  plan  of  metabolism  common  to  all  the  tissues,  moditied  in  various 
particulars  iu  various  tissues.  It  is  more  reasonable,  for  instance,  to  suppose 
that  there  ia  such  a  general  plan  common  to  both  muscle  and  gland,  than  to 
nppoae  that  the  metabolism  of  the  one  ditlers  wholly  from  or  only  accident- 
ally reisembles  that  of  the  other.  And  we  may  profiubly  take  the  nutrition 
of  muscle  as  exemplifying,  in  the  midst  of  the  feature  specinl  to  the  muscle. 
the  general  plan  of  vital  metabolism.  The  muscle  in  a  normal  state  of  things 
liva  ultimately  on  the  proteids,  fats,  carbohydrates,  salts,  and  water  nf  ihe 
f'itKl.  and  on  the  oxygen  of  the  inspired  air,  but  lives  directly  on  the  blood 
which  brings  these  ching.s  to  it.  Taking  the  proteids  first,  we  may  ask  the 
'|ue«tion,  liow  does  the  blood  supply  the  muscle  with  proteids  ■:* 

The  blooii  contains  three  classes  of  proteids:  I,  serum-albumiu,  2,  glo- 
bulin .(wraglobulin),  and  3,  fibrinogen — that  is  to  say,  the  b<Kiy  or  bodies 
CDOcerued  iu  the  clotting  of  blood,  wnose  nature  we  left  iu  §  23  as  not  wholly 
aoil  clearly  made  out.  With  regard  to  the  function  of  these  three  kinds  of 
prnieids  in  the  nutrition  of  muscle,  our  only  conclusions  at  present  are  indi- 
naci  ones,  based  chiefly  on  the  results  of  experiments  as  to  the  relative  value 
of  th«ae  subatances  in  maintaining  or  restoring  the  irritability  of  muscle.  It 
i»  found  that  when  the  washed-out  frog's  heart  (Ji  16'i)  is  fed  with  detibri- 
Mted  blood,  the  restoration  is  as  good  as  with  whole  blo<Ml;  and  that  while 
theeflecto  of  globulin  are  uncertain,  and  while  peptone  and  albumoee  appear 
to  act  in  an  injurious  manner,  the  restorative  etTects  of  serum-albumin  are 
nurked.  From  these  results  we  may  provisionally  infer  that  the  muscle  in 
ii«  I'totAl)  anabolic  changes  lakes  up  and  so  lives  u[H^n  the  «crum-albumin  of 
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the  blood.  But  this  concluaiun  must  he  reganled  as  provisiuiial  only 
indped  uncertaiu.  For  we  riiiist  rememher  that  the  blood  supplies  not  only 
the  food  (including  oxygen)  for  the  muscle,  but  also  the  conditioDs  under 
wliirii  the  niu&cle  can  live  and  avail  iiself  of  the  (Mi.  oflered  to  it.  The 
complex  flctimis  tlirough  which  aeertaiti  t]«»anLity  ofproteid  and  other  mate- 
rial is  built  up  into  living  muscular  substance  need  for  their  execution  a 
fav'prahie  nie<iiuin,  need  certain  p!iyeieal  and  chemical  conditions;  and  it 
may  be  that  the  favorable  inHueuce  of  serum-albumin  is  simply  due  to  ita 
presence  in  some  way  ussiatiug  the  transformation  into  living  subelauce  of 
raw  material  still  remainiug  in  the  muscular  tibrea  and  not  to  it5  supplying 
new  raw  material. 

Dextroee  is,  as  we  have  repeatedly  eaitl,  always  present  in  the  blood  in 
email  quantity,  and  appears  to  be  the  only  carbohydrate  constituent  of  blood* 
phiema.  Experiments  carried  out  on  a  large  animal,  euch  as  the  horse  or 
eow,  have  shown  that  the  venous  blood  corning  from  a  muscle  contains  less 
dextrose  than  the  arterial  blond  going  tn  the  muscle,  and  that  the  ditference 
18  much  increased  by  throwing  the  muscle  into  contraction.  Fn>m  this  we 
may  provisionally  conclude  thai  dextroee  is  an  es8ential  part  of  the  food  of 
the  mu(<c]e. 

The  blood,  as  we  have  seen,  also  contains  a  certain  amount  of  fat ;  and  if 
we  push  the  analogy  between  the  whole  body  and  the  muscle,  we  may  infer 
that  the  muscle  take-*^  up  fat  as  food  for  itself  tViim  the  blood.  But  we  have 
no  experiraenlnl  evidence  in  favor  td*  this.  Mttreover,  we  have  seen  that  lat 
and  carbohydrate  are  in  the  animal  body  more  or  less  transferable.  We 
have  distinct  proof  that  the  body  can  transform  carbohydrate  into  fat;  and 
it  is  very  probable  that  it  can  transf  irm  fat  into  carbohydrate.  i>eeing  how 
much  more  easily  a  atduble  diffusible  curbohydralc  like  sugar  can  be  carried 
from  place  to  place  by  the  fluids  of  the  bi>dy  than  can  immiscible  fats,  it 
seems  reasonable  to  suppose  that  when  the  Imdy  has  to  draw  upon  its  store 
of  fat  in  the  cells  of  adipr>se  tissue,  the  fat  o»i  leaving  the  fat-cell  is  trans- 
formed into  sugar,  its  carbon  so  to  speak  being  dealt  out  to  the  tissues  in  the 
form  of  dcxtnise,  Indeed,  we  may  perhaps,  dwelling  on  the  fact  that  a  muscle 
though  itself  essentially  of  proteid  build,  turns  over  (§  >*7)  in  its  daily  work 
BO  much  more  carbon  than  nitrogen,  entertain  the  view  that  what  muscle 
wants  as  IoikI  is  a  certain  anmunt  of  pmteid  plus  an  additional  quantity  of 
carbon  in  some  form  tir  other,  and  that  dexlrase  is  a  convenient  form  in  which 
the  additional  carbon  can  be  supplied.  And  we  may  hold  this  view  without 
prejudice  to  any  opinion  that  ihe  carbon  so  brought,  while  being  built  up 
into  the  living  substance,  may  be  again  arranged  as  fat.  and  io  the  cour%  of 
the  metabolism  of  the  muscle  may  be  later  on  separated  irom  the  living  sub- 
stance and  deposited  in  the  fibre  as  globules  of  fat.  But  our  knowlege  is  at 
presence  in.sufficient  lo  decide  whether  this  view  is  true  or  no. 

The  various  salts  brought  to  the  muscle  by  the  plasma,  though  they  supply 
no  energy  are  as  essential  to  the  life  of  muscle  as  the  energy  holding  proteid 
or  carbon  compound  ;  and  exjieriments  made  with  regard  to  some  of  theiu. 
calcic  salts  lor  instance,  show  that  their  presence  or  absence  materially  affects 
the  maintenance  or  restoration  of  irriliibility.  8ome  of  these  probably  play 
the  part  only  of  securing  by  their  presence  favorable  conditions  for  the  due 
metabolic  processes,  somewhat  afier  the  way  in  which  the  presence  of  calcic 
phosphate  determines  the  curdling  M'  milk  ;  but  some  we  probably  ought  to 
regard  as  actually  entering  into  tlie  processes  themselves.  Of  these  mattere, 
however,  we  know  very  little. 

§  544.  The  end-products  of  muscular  metabolism  are.  as  we  have  seen, 
carbonic  acid,  lactic  acid,  and  kteutin  or  some  other  nitrogenous  bodies^  and 
we  have  already  (S  87)  said  all  we  have  to  say  concerning  the  formation  of 
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pNxlucts.  We  may,  however.  brieHy  cousider  here  the  qi]ej>tion,  What 
relation  of  these  various  metabolic  procesaea  to  the  structural  elements 
of  the  tissue?  When  we  say  that  the  muscular  tibre  is  continually  uuiier- 
going  metabolism  do  we  mea.n  that  every  jot  and  tittle  i*f  the  fibre  is  under- 
going change  and  that  at  the  sume  rate?  We  chh  barilly  suppose  thi^j.  It 
■ens  unlikely,  for  instance,  that  the  mctaliolism  of  the  Hbrillar  substance  is 
i<Jentical  with  that  of  the  inter(ibrillar  substance,  whatever  be  the  view  we 
take  B8  to  the  properties  or  meaning  of  the  two  substances.  Further,  if  we 
Accept  the  suggestions  made  in  §  87  as  to  a  contractile  substance,  which, 
tboujjh  having  peculiar  qualities,  being  peculiarly  related  to  and  having 
peculiar  connections  with  the  rest  f)f  the  fibre,  may  in  a  broad  wav  be  com- 
pared with  the  glycogen  of  a  hepatic  cell,  we  can  conceive  that  this  contrac- 
tile suhatance  may  be  manufactured  without  the  whole  of  it  at  least  having 
been  nt  any  time  an  integral  part  of  what  we  may  in  a  stricter  sense  call  the 
real  living  substance  of  the  fibre.  We  should  thus  be  leil  to  regard  the 
metabolic  events  occurring  in  muscle  uh  falling  into  two  classes  at  least  ; 
those  taking  place  in  the  living  more  perrimnent  framework,  and  those  bear- 
ing on  the  Tbrmation  and  destruction  of  the  contractile  substance  lodged  in 
thtt  living  framework.  Further,  if  we  suppose  that  the  metabolism  by 
*bich  the  muscles  supply  so  much  oi'the  heat  <>f  the  bo<dy,  and  which,  as  we 
Have  seen,  may  and  does  go  on  indefK-ndeiitly  of  contractions,  is  not  a  me- 
itbolism  of  the  same  contractile  substance  differing  from  the  metabolism  of 
A  contraction  in  being  su  ordered  that  all  the  energy  goes  out  as  heat,  none 
Wng  employed  to  effect  a  change  of  form,  but  is  a  metabolism  of  some  other 

*"  ihermogeuic '*  substance,  we  should  have  to  add  a  third  class  to  the  other 
two.    These,  of  course,  are  at  pre^ut  matters  of  sjieculation ;  but  on  the 
thote,  the  evidence  we  can  gather  tends,  and  i)erha[)s  increasingly  tends,  to 
Ml  that  in  muscle  there  does  exist  such  a  framework  of  what  we  may  call 
more  distinctly  living  substance  which  rules  the  histologiciil  features  of  the 
6bre,  and  whoee  metabolism  though  high  in  quality  doeti  aut  give  rise  to 
tnaesive  discharges  of  energy,  ami  that  the  interstices,  su  Uy  speak,  of  this 
fruuework  are  occupie<l  by  various  kinds  of  material  relateil  in  different 
degrees  to  the  framework  and  therefore  deserving  to  be  spoken  of  as  more 
or  ien  living,  the  chief  part  of  the  energy  set  free  by  muscle  coming  directly 
from  the  metabolism  of  some  or  other  of  this  material.     And  the  same  view 
mar  be  extended  to  other  tissues.     Both  the  fnimework  and  the  intercalated 
niAterial  undergo  metabolism,  and  have,  in  different  degrees,  their  anabolic 
^B  tad  ketabolic  changes  ;  both  are  concerne<l  in  the  life  of  the  living  substance, 
^1  but  one  more  directly  than  the  other,  and  this  is  what  was  meant  by  the 
^B  tenns  "directly  "  and  "  indirectly,"  U8e<t  in  §  •i42.     .Such  a  mode  of  expres- 
^PttoQBeoms  preferable  to  the   more  common  one.  baaed  on  the  analogy  of  a 
"  fiwtrro,  of  the  muscle  tibre  liring  oti'the  contractile  material ;  in  the  firejirm 
tbeiB  are  no  such  connections  between  the  machine  and  the  charges  as  obtain 
in  the  living  mechanism.     We  may  |)erhaps  further  be  led  by  this  to  dis- 
tinguish between  growth  as  bearing  on  the  framework,  and  more  temporary 
ontrition  as  bearing  on  the  accumulation  and   expenditure  of  the  lodged 
nuierial.     We  may  add  that  since  some  of  the  material  so  lodged  in  the 
framework  will  consist  of  substances  which  have  not  yet  undergone  moiabo- 
liAm,  hut  are  either  about  to  be  worked  up  into  the  framework  itself,  or  are 
about  to  be  transformed  in  a  more  direct  way  into  some  product  of  metabo- 
^—  lum.  or  are  substances  whose  presence  is  in  some  way  necessary  for  the  carry- 
^fcingoD  of  metabolic  processes  in  which  they  themselves  take  no  bodily  part, 
^'we  must  recognize  a  continuity  without  any  sharp  break  between  this  mate- 
rial which  we  r^ard  as  part  of  the  tissue,  and  the  lymph  which  simply 
hiihes  the  tiflsue  and  flows  through  the  interstices.     Hence  such  phrases  as 


656 


NUTRITION. 


"tissue  pniteifi"  uud  "floating  proteid,"  ?!  5*23.  are  undesirable  if  they  ai? 
understood  Ie>  imply  a  sharp  line  nf  demarcation  between  the  "  tissue  "  and 
the  b]oo<l  or  lymph,  though  useful  as  indicating  twoditferent  lines  or  degrees 
of  meUibf^lism. 

^  545.  The  products  of  muscular  nietabMiam  pass  into  the  lymph  bathing 
the  fibre  and  w),  inLht?f  by  a  direct  palli    into  the  capillaries  or  by  a  more 
circuitous  course  through  the  general  lymphutic  system,  into  the  blood.    The 
fate  of  the  carbonic  acid  we  have  fully  treated  of*  in  dealing  with  respiration  ; 
the  little  we  know  concerning  the  nitrogenous  product  or  proiiucts  hiu  been 
^tated  in  dealing  with  uren ;    the  third  recognized    product  is  lactic  acid, 
BfU'cnlactic  Hcid.     Did  any  considerable  amount  of  oxidation  take  place  in 
^te  blood  slreKni  while  the  hlo<id  in  flowing  along  the  larger  channels,  sub- 
ject only  to  the  iidluence  i«f  the  vascular  walb,  we  might  fairly  expect  that 
the  lactic  acid  di:*charf;t'd  from  the  muscles  would  be  subjected  to  oxidizing 
influences  while  siill  within  llie  blood  strearu  of  the  larger  channels.     We 
have,  however^  no  saLisfactory  evidence  of  any  lactic  acid  being  oxidized  in 
this  way.     On  the  contrary,  there  is  a  certain  amount  of  experimental  and 
other  evidence  that  lat^lic  acid  present  in  the  h|.H»d  is  somehow  or  other  dis- 
posed nf  by  tiie  liver:  and  that  if  the  liver  fuil  to  do  its  duty  lactic  acid 
may  appear  in  the  urine.     It  is  tempting  to  suppose  that  it  might  there  by 
a  synthetic  eflurt   be  convened   into  glycogen,  the  liver  thus  utilizing  some 
of  the  rauscnlar  waste  prfidnct,  but  the  experimental  and  other  evidence  is 
all  against  this  view.     In  fault  of  actual  knowledge  we  are  led  to  infer  that 
it  is  in  the  liver  oxidized  into  carbonic  acid  and  water,  thus  adding  its  con- 
tribution to  the  supply  of  heat,  or  prepared  in  siinie  w»iy  for  oxidation  else- 
where.    Probably  such  a  change  is  not  confined  to  the  liver,  but  lakes  place 
in  other  organs  such  afi  the  spleen.     Thus  the  kind  of  action  on   which  we 
dwelt  in  treating  of  urea,  namely,  that  the  [trodocls  of  the  metabolism  of 
one  organ  are  carried  toother  organs  for  further  elaboration  and  (HMsible 
utilization  ttp])lie!«  to  the  nou- nitrogenous  as  well  as  to  the  nitrogenous  pro- 
ducts of  muscular  Tuetalxdisui  ;  and  if  a  muscle  gives  rise  to  other  uon-nitro- 
genoua  pro<lucts  than  carbonic  and  lactic  acid  these  are  probably  disposed  of 
in  some  such  way  as  the  lactic  acid.     In  speaking  of  glycogen  in  the  winter 
frog  (§  461)  we  said  that  possibly  the  glycogen  so  stored  up  might  arise  f^>m 
sugar  brought  to  the  liver  from  other  tissues.      If  that  be  so,  we  should  fur- 
ther ex[)ect  that  some  at  least  of  that  sugar,  either  as  such  or  as  some  allied 
substance,  would  come  from  the  skeletal  muscles  which  form  so  large  a  part 
of  the  body  of  the  frog :  and  if  so,  we  must  conclude  that  under  the  special 
circumstances  obtaining  in  the  winter  frog  the  muscles  discharge  into  the 
blu(Kl  a  non  nitrogenous  product  not  in  the  form  either  of  carbonic  or  lactic 
acid.     It  is  perhaps,  however,  moreprofmbh-  that  the  sugar  in  question  coma 
from  a  metabolism  of  the  fat  stored  u]>  in  the  "fatly  bodies  "  and  elsewhere. 
!;  646.  As  far  tts  we  can  sec  at  i)re8eut  the  plan  of  nutrition  thus  briefly 
sketched  out  for  muscle  holds  good  for  the  other  tissues  as  well,  the  chief 
or  at  least  the  mo.*t  cou,«pic»ou8  diflvrences  bearing  on  the  nature  and  prop-  ' 
erties  of  and  the  changes  undergone  by  the  material  formed  by  and  held  hv  , 
the  more  distinctly  structural  framework.     Thus  the  mucin  of  the  salivary 
mucous  cell  timls  it^  analogue  either  iu  the  contractile  subistance  it^lf,  or 
more  probably  in  eome  early  nitrogenous  product  of  the  explosion  of  the 
contractile  substance,  such  as  may  correi*pond  to  the  myosin  of  rigid  muscle. 
The  metabolism  of  the  hepatic  cell  pceraa.  as  we  have  seen,  to  be  especially 
characterized  by  its  returning  to  the  blood  a  body,  viz.,  sugar,  still  cont&in- 
iDg  a  considerable  amount  of  energy,  available  for  use  in  other  parts  of  the  , 
body.     And  this  suggests  the  question  whether  in  the  normal  metabolbm  of 
muscular  substance  a  similar  something,  still  holding  a  considerable  quanUty 
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lat  the  meUbolism  of  muscle  ia  im|)(!rfectly  dt^criboii  iu  sayiug 
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this  be  80,  theu  niuiscles  may  be  of  other  use  to  the  body  at  large  thau  us 
mere  couiractile  machines,  just  as  the  liver  has  other  uses  than  the  produc- 
tion of  bile.  And  the  same  considerations  may  be  applied  to  the  other 
UKuesas  well. 

1 547.  Whether  the  chief  product  of  the  metabolism  of  any  tissue  be  a 
proteid  subHtance,  or  a  fat,  or  a  carbohydrate,  proteid  substance  is  the  pivoti 
M  to  speak,  of  the  metabolism,  and  iiitrop^^nous  bodies  always  ap))ear  as  the 
products  of  metabolism.  This  is  strikingly  seen  in  the  nutrition  of  plants 
where,  as  far  as  mere  bvilk  or  weiglit  is  concerned,  the  active  metabolizing 
tasue  is  insigniticaut  compared  with  the  mass  of  products  of  metabolism 
betped  up  in  the  form  of  alfircli  or  cellulose  or  some  allied  carbohydrate. 
The  protoplasm  of  a  ve^'Otahle  cell  soon  becomes  a  mere  film  l>eariog  a  hejivy 
ImrdoD  01  heaped-up  metabolic  products  and  eventually  disappears;  and 
of  that  61ra  only  a  pari  currespond^  to  what  we  spoke  of  auove  as  the 
living  framework  of  the  muscle.  Yet  that  scanty  proteid-built  framework  is 
more  or  loss  directly  concerned  in  the  production  tif  the  carbohydrate  inate- 
liftl  aud  the  various  conversions  which  ihat  muteriftl  undergoes,  Proteid, 
•itrogeii,  changes  are  entangled  with  the  carbon  changes;  and  since  the 
producta  of  metabolism  in  tlie  plant  are  not  as  in  the  animal  Ciist  out  of  the 
or^^iitm,  hut  for  the  most  part  heaped  up  within  it,  we  find  the  plant  storing 
up  iu  [Hirts,  wlicre  if  they  serve  no  useful  ])urpot^  they  at  least  do  no  harm, 
mCrugenous  products  of  metabolism,  such  as  those  known  as  vegetable  alka- 
loids, many  of  which  by  their  amide  nature  betray  their  kinship  to  the  animal 
nilntgenouB  product  arua. 

iS4S.  The  rate  at  which  in  the  adult,  leaving  aside  for  the  present  the 
ipecial  nutrition  of  the  young,  nutrition  is  carried  on.  aud  the  characters  of 
tie  nutrition,  are  dependent  on  a  variety  of  circumstances.  Each  tissue  has 
of  course  a  line  of  nutrition  of  its  own  which  circtimatances  may  favor  or 
bimler  but  cannot  change  in  nature;  the  nutrition  of  the  hepatic  cell  cannot 
I*  altered  to  that  of  the  muscular  hbre.  The  same  tissue,  moreover,  has  in 
(lilTi^reQt  races  and  ditlereut  individuals  s|)ecif]c  and  individual  characters  of 
Dutrition ;  the  flesh  of  a  dog  is  not  the  same  as  that  of  a  man,  the  mustde  of 
one  man  lives  differently  from  that  of  another,  the  metabolism  |ier  unit  of 
body  weight  is,  as  we  have  seen,  greater  in  the  smaller  organism,  and  so  on. 

Within  the  limits  and  subject  to  the  conditions,  however,  thus  fixed  bv 
nee  and  ]>er8onality,  general  intluenees  produce  general  variations  In  nutri- 
lioD.  The  rate  of  nutrition  of  a  tissue  for  instance  is  de|>endeut  on  the  food, 
on  the  amount  and  nature  of  the  food  material  brought  to  the  tissue  by  the 
Uood.  We  have  seen  thai  pmltid  food,  in  contrast  to  carbon  focxl,  markedly 
ucreasos  the  metabolism  i)f  (he  body.  Since  this  increase  tells  not  ouly  ou 
the  nitnigeuoua  but  also  on  the  carbon  metaboligiu  (§  624),  it  cuunot  be  the 
Ttaah  of  a  mere  luxus  consumption  of  the  proteid  food  itself;  and  unless  we 
Mippose  that  the  presence  of  the  e.xcess  of  proteid  material  either  in  the  ali- 
ntentary  canal,  or  while  passing  through  the  capillaries  of  some  organ  such 
M  the  liver,  acts  as  a  stimulus  to  some  reflex  nervous  machinery  through 
wboie  action  the  metabolism  of  certain  or  of  all  the  tissues  is  hurried  on,  we 
■ttflt  conclude  that  it  ia  the  direct  access  of  proteid  material  to  the  tissues 
tfcttuselves  which  stirs  them  u])  to  increased  metab(»lic  activity.  That  pro- 
'  "  ibod  should  do  this,  and  not  carbohydrate  or  fat,  seems  to  be  connected 
the  fact  just  dwelt  on  that  proteid  material  is  the  pivot  of  metabolism. 
M9.  In  the  preoeding  chapters  of  this  work  we  have  had  abundant  evi- 
that  the  metabolism  of  the  tissues  is  subject  to  the  government  of  the 
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central  nervotm  systeni ;  tbe  contractiou  of  a  rousclct  the  secretory  activftj" 
of  a  gland,  the  increase^^l  or  diminished  production  of  heart,  all  afford  in- 
Btances  of  uervous  inpubea  affectin^^  metabolism.  In  most  of  these  instanoeB 
the  chan^a  induced  full  within  the  downward,  katabolic  phai^e  and  have  a 
downward  character;  tliua,  when  a  muecle  contracts,  the  result  is  a  conver- 
sion of  wore  complex  bodies  iuto  simpler  IxMiiea ;  and  the  same,  as  far  us  we 
can  see,  is  true  of  most  other  cases.  But  it  is  open  for  us  to  suppose  that 
nervous  impulses  might  aBect  the  upward,  anabolic  phase  and  have  a  coo- 
structivG  inHuence.  There  are  no  reasons  for  regarding  such  an  action  as 
impossible  ;  and  indeed  some  phenomena,  such  as  those  of  inhibitory  nerves 
and  the  antagonism  between  these  and  uugmentor  nerves,  pointedly  suegeet 
some  such  view.  Thus,  we  may  suppose  thnt  an  inhibitory  impulse  proffucctt 
such  changes  in  the  cardiac  muscular  sabstnuoe  thnt  the  upward  constructive 
processes  are  assisted  and  the  downward  dlHruptive  proceasea  checked,  whereby 
the  setting  free  of  energy  is  checked,  and  so  the  beats  hindered  or  stopped, 
the  inhibitory  eflect  being  fallowed  by  a  periud  of  rebound  in  which  the 
savings  of  the  inhibited  period  are  spent  in  increased  action.  Conversely  we 
may  suppose  that  an  augmentor  impulse  hinders  the  anabolic,  and  assists  the 
katabolic  changes,  and  Cipnversely  also,  when  it  has  done  its  work,  leaves  the 
tissue  with  diminished  capital  manifested  by  feebler  beats  or  by  the  absence 
of  the  power  to  beat.  And  similarly  in  the  case  of  the  respiratory  centre 
and  of  other  tissues.  When  we  have  to  study  the  origination  of  visual  im- 
putsea  in  the  retina  we  shall  come  upon  a  view  that  a  wave  of  light  may 
affect  what  we  shall  call  avisunl  substance  either  by  promoting  anabolic 
constructive  changes  or  by  increasing  katabolic  destructive  changes  accord- 
ing to  its  wave  length.  There  is  then  evidence,  to  a  certain  extent,  for  the 
view  on  which  we  are  dwelling ;  but,  without  discussing  the  matter  any  fur- 
ther, we  may  say  tluit  the  conception,  though  suggestive,  has  not  yet  been 
demonstrated,  and  so  far  can  only  be  spoken  of  as  probable. 

§  ddO.  One  value  perhaps  of  such  a  view  lies  in  the  tiict  that  it  warns  us 
against  assuming  that  a  nervous  impuUe  can  only  produce  disruptive  kata- 
bolic changes  such  as  are  seen  in  muscular  contraction  or  in  secretion.  The 
edecte  of  stimulating  a  nerve  going  to  a  muscle  or  a  salivary  gland  are  strik- 
ing and  obvious,  and  the  behavior  of  a  muscle  or  a  gland  as  far  a**  contraction 
and  secretion  are  concerned  is,  within  certain  limits,  under  experimental  con- 
trol. But  there  are  certain  i)henomena,  seen  chiefly  in  the  course  of  disease, 
and  lying,  to  a  very  suiali  extent  only,  within  the  control  of  experiment, 
which  seem  to  show  thai  the  central  nervous  system  governs  the  metabolic 
changes,  the  nutrition,  not  on(y  of  muscle  and  gland,  but  of  various  other 
tissues  in  a  deeper  and  more  general  way  than  that  of  simply  promoting  (or 
hindering)  contraction  or  secretion.  Thus,  as  we  have  seen  (§  83),  when  the 
connection  between  a  muscle  and  the  central  nervous  system  is  severed,  the 
muscle  eventually  wastes  and  loses  its  vitality;  when  all  the  nerves  going  to 
the  submaxillary  gland  arc  severed,  the  gland,  instead  of  being,  as  in  the 
normal  condition^  intermittiugly  active  and  quiescent,  pours  forth  a  continu- 
ous "paralytic"  secretion  and  eventually  degenerates  and  wastes.  AVhen  in 
a  rabbit  the  fiflh  nerve  is  divided  in  the  skull  the  loss  of  sensation  iu  those 
parts  of  the  face  of  which  it  is  the  sensory  nerve  is  followed  by  nutritive 
changes.  Very  soon,  within  twenty-four  hours,  the  cornea  becomes  cloudy; 
and  this  is  the  precursor  of  an  inHammatiou  which  may  involve  tbe  whole 
eye  and  end  in  its  total  disorganization.  At  the  same  time  the  nasal  cham- 
bers of  the  siile  operated  on  are  inflame<l,  and  very  frequently  ulcers  make 
their  appearance  on  the  lips  and  gums.  And  similar  results  have  been  seen 
in  other  animals,  including  man.     If  the  operation  be  conducted  iu  a  young 
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Eimal,  which  suhsequently  lives  to  maturity,  the  head  may  h^ome  hilate- 
Iklly  unByiiinietri(raI)y,  as  shown  especially  by  the  skull.  Again,  division  of 
both  vagus  nerves  ib  very  apt  to  be  tblJowed  by  inflaniiuatioD  of  both  lungs, 
by  ^fttty  degeneration  of  the  heart,  and  so  by  death. 

In  several  of  these  instances  the  effect  is  a  mixed  one,  and  the  problem 
complicated.     Thus,  in  the  case  of  division  of  the  fifth  nerve,  seeing  how 
delicate  a  structure  the  eye  is.  and  how  carefully  it  is  protecte<l  by  the  mecha- 
niama  of  the  eyelids  and  tears,  it  seems  reasonable  to  suppose  that  the  iniam- 
tnatioD  in  queatiou  might  simply  be  the  result  of  the  irritation  caused  by 
L    ^luftt  and  contact  with  foreign  bodies,  to  which  tlie  eye,  no  longer  guided  and 
Ifcrotecled  by  sensations,  these  being  destroyed  by  the  section  of  the  nerve, 
F    Decanie  subject.     In  the  same  way  the  ulcers  on  the  lips  and  gums  might  be 
I      explained  as  injuries  inflicted  by  the  teeth  on  those  stnu^tures  in  their  insen- 
sitive condition.     And  some  observers  maintain  thnt  the  inflammation  of  the 
eye  may  be  greatly  lessened  or  altogether  prevented  if  the  organ  bo  carefully 
cnvere<l  up,  and  in  all  possible  ways  pmtected  from  the  irritating  influences 
of  foreign  bodiee.     Other  observers,  however,  have  failed  to  prevent  the 
inflammation  in  spite  of  every  care.     80,  also  the  inflammation  of  the  lungs 
following  ur>on  division  of  both  vagus  nerves  seems  to  be  due,  not  to  any 
direct  nutritive  action  of  the  pulmonary  branches  of  the  vagiit^  on  the  pul- 
'      noaary  tiFsue,  but  to  food  nccunuilating  in  the  pharynx,  owing  U>  the  paral- 
I      y«is  of  the  cesophagus  and  hvrynx,  and  then  passing  into  the  air  passages, 
I      and  so  setting  up  inflammation.     Death  in  these  cases  is,  moreover,  oAen  the 
nmple  result  of  inanition  caused  by  the  paralysis  of  the  oesophagus  allowing 
BO  food  to  reach  the  stomach.     The  phenomena  of  the  paralytic  aecretiun  of 
•aliva  are  also  of  a  complicated  nature. 

But  even  without  insisting  on  such  in<;tances  as  the  above,  various  other 
phenomena  of  disease  &eeni  to  indicate  such  an  influence  of  the  nervous 
tyrtem  on  nutrition  as  we  are  discussing.     As  examples  we  might  mention 
the  rapid  and  peculiar  degeneration  of  and  loss  of  contractility  in  the  .skeletal 
■MMcles  in  certaii^  aflections  of  the  spinal  cord,  the  changes  in  the  muscles 
being  more  rapid  and  profound  than  in  the  nerves;  the  phenomena  of  bed- 
especially  the  so-called  acute  bedsorejt  of  cerebral  apoplexy;  some  at 
of  the  caaes  of  vesical  aflections  attendant  on  spinal  cerebral  diseaaee 
or  injaries;  the  more  rapid  atrophy  and  loss  of  contractility  in  muscles  which 
follow  upon  contusions  of  nerves  as  compared  with  the  efiects  of  simple  sec- 
tion of  nerves ;  the  occurrence  of  certain  eruptions,  such  as  lichen,  zona, 
ecthyma,  etc.,  in  various  spinal  or  cerebral  diseases,  and  indeed  the  general 
phenonienn,  and  especially  the  topography  of  the  eruption,  of  a  large  number 
of  cutBueou?  diseases.     Lastly,  but  not  least,  we  might  quote  the  general 
pnxwas  of  inflanimiiiion.     These  are  examples  of  disordered  nutrition.     To 
tbem  we  might  add  as  instances  of  altered  but  yet  onlerly  nutrition  tbo 
renuirkable  connections  observed  between  changes  in  the  form  of  the  Angers 
and  growth  of  the  nails  and  hairs,  and  certain  internal  maladies,  such,  for 
initaiice.  as  the  "  clubbed  fingers"  of  phthisical  and  other  patients,  and  the 
hke.     We  might  also  call  attention  to  the  influence  of  light  on  the  nutrition 
of  iniinnls.     The  experience  of  blind  people  and  blind  animals  indicates 
iuow  special  connection  between  visual  sensations  and  the  nutrition  of  the 
•kin;  and  this  can  hardly  be  other  than  a  nervous  connection.     The  efiects 
of  proiouge*!  darkne&H  on  nutrition  in  general  and  the  experimental  results 
which  tihow  that  the  total  metabolism  of  the  body  is  influenced  bv  light,  also 
ffugge»t  some  nervous  action.     The  influence  of  cold  again  in  determining 
chi-  gmwih  of  hair  points  in  the  same  direction. 
.^faking  every  allowance  for  the  intervention  of  fact  in  the  production  of 
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the  phenomena  quoted  above  of  such  common  actions  of  the  nervous  system 
as  are  already  well  known  to  U8,  such  as  vasomotor  changes,  making  every 
allowance  for  the  consequences  of  the  lisiilure  or  bluntness  of  sensation  and 
the  absence  of  those  beneficial  after-results  of  muscular  activity  which  we 
pointed  out  in  j^  86,  recogniz-ing  moreover  that  changes  in  one  organ  may 
ati'cct  the  condition  of  other  Histunt  organs  by  changes  induced  in  the  com- 
position or  qualities  of  the  blood,  there  still  remains  a  residue  which  seems 
distinctly  to  |K>iut  to  the  conclusion  that  the  iutlueuce  of  the  nervous  svstem 
ifi  not  limited  to  such  changes  of  the  muscles  as  belong  to  the  production  of 
contractions  or  the  generation  of  heat,  but  t>earB  on  the  whole  nutrition  of 
the  muscle.  Similar  considerations  lend  us  also  to  conclude  that  the  influ- 
ence of  the  nervous  system  beara  on  the  whole  nutrition  of  the  glands,  of  the 
blood veifjiel£>,  of  the  ^kiii,  and  of  the  connective  tissue  in  general,  in  fact  of 
nearly  the  whole  body. 

6uch  an  influence  of  the  nervous  system  has  often  been  spoken  of  as  "  tro- 
phic;" and  the  term  has  often  been  used  as  if  the  growth  and  nourishment 
of  a  tissue  were  the  result  of  nervous  action,  or,  at  all  events,  could  not  be 
complete  without  the  intervention  of  nervous  impulses.  Hence,  in  this  view, 
the  consequencei*  following  upon  section  of  the  fifth  nerve  as  regarded  as  due 
to  the  falling  away  of  "  trophic  "  influences.  8uch  a  view  has,  however,  no 
sound  basis.  All  biological  studies  teach  us  that  the  growth,  repair,  and 
reproduction  of  living  substance  may  go  on  quite  iudej^endeutly  of  any  ner- 
vous system.  The  white  blood-corpuscles  go  through  their  cycles  unmoved 
by  nervous  impulses,  and  the  nutrition  of  the  nervous  system  itself  cannot 
be  dejiendent  on  the  action  of  that  system  on  itself.  All  that  is  really  needed 
to  explain  these  phenomena  is  an  acceptance  of  the  view  that  a  nervous 
impulse  may  modify  the  tuetabolic  events  of  other  tissues  than  muscles  and 
glands,  and  may  modify  them  in  various  ways;  and  further,  that  the  nutrition 
of  each  tissue  is  in  the  complex  animal  body  so  arranged  to  meet  the  con- 
stantly recurring  influences  brought  to  bear  on  it  by  the  nervous  system, 
that,  when  those  influences  are  jiermanently  withdrawn,  it  is  thrown  out  of 
equilibrium  ;  its  molecular  proceises,  so  to  8(>eak,  then  run  loose,  since  the  bit 
has  been  removed  from  their  mouths.  And  as  our  knowledge  of  metabolic 
processes  on  the  tme  hand  and  of  the  actions  of  the  nervous  system  on  the 
other  hand  increases,  these  snpiHjsitiona  become  more  and  more  reasonable. 
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§551.  An  ordinary  man  living  an  ordinary  life  will  need  for  the  main- 
tenance of  vigorous  health  a  certain  amonnt  of  food  of  a  certain  kind  ;  this 
we  may  take  as  a  normal  diet. 

Presuming  that  the  experience  of  man  has  led  him  to  adopt  what  is  good 
for  him,  we  may  ascertain  approximately  the  normal  diet  by  means  ot  the 
statistical  method,  by  examining  the  nature  and  amount  of  the  daily  fixxl  of 
a  very  large  number  of  individuals.  The  most  valuable  data  for  this  pur|)06« 
are  those  gained  by  inquiries  amung  persons  who  choose  their  own  ftxKl ;  the 
results  gained  from  the  diets  used  in  prisons  or  other  institutions,  or  among 
bodies  of  men  such  as  the  army,  though  more  readily  arrived  at,  are  open  to 
the  objection  that  the  diets  in  question  are  determined  in  part  by  the  theo- 
retical opinions  of  those  whose  duty  it  is  to  fix  the  diet,  rutting  t<»gether 
the  various  stAtistical  results  thus  obtained,  and  selecting  the  quanlitieB 
which  seem  to  be  most  commonly  used  rather  than  attempting  to  strike  a 
strict  average  or  take  a  strict  mean,  we  find  that  in  an  ordinary  diet  for  the 
twenty-four  hours  the  several  food-stuffs  are  : 
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^^^■Protoida from  10(1  to  130  frrnromca. 

^^pF«tii *'       40  to    80 

^^"^  Carbohydraifis "    450  to  55*» 

to  these  we  muat  add 

Sails 30  grammes. 

Water 2800 

The  total  (available)  potential  energy  of  the  lower  estimate  is  2610,  of  the 
higher  3605  (kilogramme-degree)  calories,  calculated,  in  round  t3uml>er8,  on 
the  data  of  §  o9S.  With  such  a  statistical  diet  we  may  compare  an  experi- 
ii>eotal  diet,  that  is  to  say  a  diet  arrived  at  through  a  series  of  trials  on  an 
individual  man  whose  hody  might  be  taken  to  be  an  a%'erage  one,  that  diet 
being  amsidered  a  normal  one  in  which  the  hmly,  maintaining  vigorous 
health,  neither  gained  nor  lost  in  weight,  and  reniaine<l,  moreover,  in  nitro- 
cenou8er|uilibrium  with  the  nitrogen  of  the  cgc^ta  equal  to  that  oftheingesta. 
To  make  sure  that  under  such  a  diet  the  body  was  remaining  of  the  same 
composition,  there  ought  to  be  evidence  of  &  carbon  ci[uilibriuin  also, 
otherwise  during  the  period  of  the  experiment  fat  might  be  replaced  by 
w»ter  (see  $  o2'J);  but  this  is  unlikely,  and  we  may  therefore  accept  the 
melhod  as  a  fair  one.  It  has  given  in  the  hands  of  two  different  observers 
the  following  somewhat  different  results,  the  diet  A  being  that  already  quoted 
in  §528: 

A  B 

Proteids 100  grammes  118 

FaU 100        "  56 

Carbohydrates 240        "         500 

Salt« 25        '*         — 

Water 2600       *'         — 

The  total  (available)  potential  energy  is  respectively  2-^10  and  3035  calories. 

On  the  whole,  the  diets  gained  by  the  two  methods  agree  very  largely. 

To  put  down  a  single  column  of  figures  as  **  the  normal  diet"  would  t)€  to 

aflect  a  vain  and  dehisive  accuracy.     If  we  desire,  for  theoretical  purpt^ses, 

to  select  some  one  set  of  figures  rather  than  others,  we  might  be  itiflijenced  by 

the  ooujiideraiions  that  the  lower  amount  i>f  proteids  in  the  e.X|)erimental  diet 

«u  Dealer  the  mark  than  the  higher  amount  of  some  of  the  t^tatiMical  diets, 

and  fiirther  that,  where  cost  is  not  of  moment  the  8ul)stitution  of  fat  for  an 

«xc««  of  carbohydrates  is  desirable.     We  should  be  thus  led  to  take  the 

•xperimental  <liet  A  as  on  the  whole  the  best  or  most  "  normal  "  one,  and  that 

ii  the  one  which  we  employed  in  the  calcMlalif>ns  of  §  528.   It  will  be  observed 

that  the  |)oteotial  energy  of  this  diet  is  less  than  that  of  any  of  the  others, 

ukI,  as  we  aaid  while  then  speaking  of  it,  may  bo  considered  low  ;  but  there 

WIN  DO  evidence  that  it  was  insufiicient.     Still  it  must  be  remembere<i  that 

nettber  it  nur  any  of  the  others  is  to  be  regarded  as  distinctly  proved  to  l>e 

the  real  normal  diet.     Against  the  ex{)erimental  diet  we  may  urge  that  the 

Boroher  of  experiments  have  been  few,  and  conducted  on  a  few  individuals 

only  at  mo^t,  and  that  a  larger  number  of  experiments,  with  a  variety  of 

(V'niitiiiationB  of  dif}*erent  amounts  of  the  several  food-stufla.  might  lead  to  a 

'iitiereiit  result;  that,  ft^r  instanc*e,  with  certain  amtmnts  of  fats  and  carbo- 

liV'irates,  the  amount  of  proteid  neede<l  to  maintain  healthy  bodily  efiuilib- 

n'l/ii,  including  nitrocenous  e<juilibrium,  mipht  be  reduced  much  below  the 

J"o  gmmme«,  especially  if  particular  kintU  of  proteidi?,  fat,  or  carbohydrates 

•ere  iisefi,  and  es|>ecial  attention  (see  ?!  527)  were  paid  to  the  salts.     And, 

ixxieed,  a  considerable  number  of  oheervati(ms  have  been  made  tending  to 

Jiow  that  a  man  of  average  size  and  weight  may  continue  in  nitrogenous 
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equilibrium  and  in  g«od  health  with  a  daily  ration  of  much  less  Uian  100 
graiuraes  proteid,  with  as  little  aa  40  j^rammes  for  example.  To  this  we 
flhall  have  to  refer  in  fipeakitig  of  a  vegetable  diet.  Against  the  statLstical 
diet,  on  the  other  baud,  we  may  urge  that  inattnct  ia  not  an  unerring  guide* 
and  that  the  choice  of  a  diet  i»  determined  by  many  other  circuiuHtaooes 
than  the  physiological  value  of  the  food. 

§  662.  Taking,  however,  some  such  diet  as  the  above  to  be  the  approxi- 
mately true  normal  diet,  we  n)ay  call  attention  to  the  fact  that  the  normal 
diet  18  made  up  of  each  of  the  three  great  food-stuffs,  carbohydrates  l)eing  in 
excess.  We  may  here  remark  incidentally  that  the  diets  of  both  the  car- 
nivora  and  herhivora  agree  with  that  of  omnivora  in  cxmtaining  all  three 
footi-sLuffa  ;  they  differ  from  each  otlier  as  to  the  relative  proportions  only. 
As  we  have  seen^the  Ixnly  may  be  maintained  in  equilibrium  on  proteid  food 
alone;  but  an  exclusively  ])roteid  diet  is  not  only  bought  dearly  in  the 
market,  but  also  paid  for  dearly  within  the  economy;  we  are.  of  course, 
now  Rpeaking  of  mnn.  To  obtain  the  necessary  carbon  out  of  the  cArbon 
uioiety  of  proteid  unnecessary  labor  'm*  thrown  on  the  economy,  and  the  syalem 
tends  to  l)ecome  blocked  with  the  amides  and  other  nitrogenous  waste  arising 
out  of  the  nitrogen  moiety  simply  thrown  off  to  secure  the  carbon. 

Fata  and  carbohydrates  are  much  more  akin  to  each  other  than  is  either 
to  proteid ;  and  if,  on  the  one  hand,  as  (§  o43)  seems  possible  or  even  proli- 
able,  the  fat  of  the  food  and  of  the  body  is  converted  into  sugar  either  on 
its  way  to  become  built  uji  into  the  tissue,  or  in  the  course  of  the  changes 
taking  place  outside  the  real  living  framework  of  the  tissue  by  which  it  a 
reduced  to  carbonic;  acid,  and  that,  <m  the  oilier  hand,  carbohydrates  caD 
furnish  the  fat  whose  prei»ence  in  tlie  body  is  necessary,  we  might  expect  that 
carbohydrate  alone  without  fat  might  with  proteid  form  a  normal  diet.  But 
on  this  point  experience  is  probably  to  be  trusted  ;  and  we  may  infer  that  in 
every  normal  diet  some  fat  at  least  must  be  added  to  the  starches  and  the 
su^rs. 

The  advantage  of  this  mixture  is  probably  felt  white  the  food  is  as  vet 
within  the  alimentary  canal.  AVhat  we  have  learned  concerniug  digestion 
leads  us  to  regard  it  as  a  complicated  process,  and  we  cannot  readily  imagine 
that  the  proteolytic,  amylolytic.  and  adipolytic  changes  run  their  several 
courses,  especially  in  the  small  and  large  intestine,  apart  from  and  irrespective 
of  each  other.  We  are  rather  h.'d  to  suppose  that  the  accompaniment  of  one 
set  of  changes,  in  some  indirect  manner,  favors  the  others ;  and  it  is  for  that 
reason  probably  that  we  take  our  food-stutfs  not  separately,  but  mixed  in 
the  same  meal,  of\en  on  the  eaine  plate,  and  even  in  the  same  mouthful. 
But  apart  from  this  the  two  food-stuffs,  fats  and  carbohydratee,  must  play 
difierent  parts  in  the  economy,  so  that  the  one  cannot  be  wholly  substituted 
for  the  other;  and  though,  beyond  the  fact  that  the  one  seems  to  t>e  n  source 
of  energy  and  the  other  not,  we  do  not  as  yet  know  the  true  physiological 
function  of  the  hydrogen  of  the  fat  as  compared  with  that  of  the  differently 
disposed  hydrogen  of  the  carlwhydrate,  we  may  perhaps  infer  that  the  differ- 
ence of  use  within  the  body  of  the  two  kinds  of  food-stuffs  bears  not  so  much 
on  their  ultimate  consumption  to  supply  energy,  as  on  the  various  complicated 
processes  which  they  undergo  and  arrangements  in  which  they  take  part 
before  the  end  of  their  work  is  reached.  We  have  liad  a  hint  thai  the 
carbohydrate  more  rapidly  supplies  the  heat-giving  metulK>lism  than  does 
the  fat ;  and  this  suggests  an  advantage  to  the  ewmomy  in  receiving  daily  a 
certain  p*"<rtion  of  the  more  tardy  material,  while  at  the  same  time  it  raav 
be  taken  to  mean  that  the  fat  before  it  is  used  to  give  rise  to  euergy  has  tirsl 
to  be  converted  into  sugar,  and  so  takes  more  time  in  its  work. 

The  main  carbohydrate  of  ever}'  diet  is  starch,  and  as  far  as  we  can  learn 
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K  presentf  the  starch  which  is  so  large  a  part  of  the  cereals  aud  vegetables 
conftuined  by  man  is  the  same  body  in  all  of  ihem ;  for  the  use  of  such  bodies 
as  mulitt  is  00  insigniHcant  that  it  may  be  neglected.  Man,  however,  con- 
ramet  no  inoonsiderable  quantity  of  sugar,  chiefly  cane  sugar.  Since  the 
starch  of  a  meal  does  not  become  available  for  the  economy  until  it  has  been 
csoffiTerted  into  sugar,  we  might  be  inclined  to  infer  that  it  was  a  matter  of 
iodifference  whether  the  carbohydmte  of  a  diet  were  supplied  as  starch  or 
au  sugar.  But  besides  the  fact  that  any  large  deficit  of  starch  in  a  diet 
might  seriously  interfere  with  the  general  course  of  digestion,  especially  if  as 
urged  above  the  several  digestive  processes  are  more  or  less  dep<;ndent  on 
em/ch  other^  it  must  l>e  remembered  that  the  sugar  into  which  starch  is 
changed  by  digestion  is  maltose,  while  cane  sugar  appears  to  be  cither 
absoroed  aa  cane  sugar  or  at  most  only  inverted.  Moreover,  if  our  labora- 
tnry  experiments  truly  represent  the  digestion  taking  place  in  the  living 
body,  only  part  of  the  starch,  §  198,  is  changed  into  maltose,  while  part 
becomes  some  variety  of  dextrine  or  of  starch.  Our  knowledge  of  sugars 
and  of  their  fate  in  the  economy  is  too  imperfect  for  us  to  !>e  able  to  slate 
the  effects  on  the  body  i>f  digested  starch  as  compared  with  those  of  cane 
•agar  or  milk  sugar;  hut  that  these  are  or  may  be  different  is  Bhown  by  the 
experience  of  medical  practice.  In  raauy  cases  the  total  efl'ect  on  the  body 
of  a  diet  from  which  cane  sugar  is  as  much  as  possible  elimiQated,  though 
starch  be  altowe<:l.  is  very  different  from  that  of  one  of  which  cane  sugar 
fumis  an  appreciable  part. 

Concerning  cellulose,  which  in  herbivora  appears  certainly  to  serve  as  a 
source  of  energy  and  to  be  a  real  food-stutf,  our  knowleilge  will  not  allow  ui 
to  decide  whether  it  has  any  special  uses  of  its  own,  or  whether  the  body  is 
nmplv  led  tu  utilize  and  make  the  best  of  what  is  a  necessary  accompaniment 
of  the  starch  of  vegetable  food. 

Concerning  the  salts  present  in  a  diet,  we  need  only  repeat  what  was  said 
in  §  527,  that  these,  though  affording  of  themselves  little  or  no  energy,  are 
■«  essentia!  a  part  of  a  diet  as  the  energy-giving  food-stuffs,  inasmuch  as  they 
io  some  way  or  other  direct  metabolism  and  the  distribution  of  energy. 
And  this  is  true  not  only  of  the  inorganic  salines,  such  as  chlorides  and 
fvhosphates.  but  also  of  the  so-called  extractives.  As  we  have  seen,  the 
prannce  *)(  these  bodies,  both  the  simpler  inorganic  and  the  more  complex 
oiputic  salts,  in  the  blood  or  in  the  extra-vascular  juices  or  lymph  of  the 
times  is  essential  to  or  directs  or  modifies  the  metabolic  activity  of  the  sev- 
crtl  tissues.  The  benefieiaL  eflecls,  as  components  of  special  diets,  of  such 
thin^  as  beef-tea  and  me^it  extract,  which  c/>nsist  chiefly  of  salts  and  ex- 
tnictivw,  with  a  very  small  quantity  of  albumose  or  other  forms  of  proteid. 
tod  ibe  effects  either  beneficial  or  deleterious  of  drugs,  both  turn  in  common 
upnn  their  taking  a  part  of  some  kind  or  other  in,  it  may  be  upon,  their 
interfervnce  with  metabolic  processes.  The  salts  and  extractives  of  a  diet 
W  be  looked  upon  as  necessary  daily  medicines,  and  a  medicine  as  a  more 
or  KM  extraonliuary  variation  in  these  elements  of  a  diet. 

Alooh<d,  to  the  use  of  which  us  a  component  of  an  ordinary  diet  special 
ioierest  for  various  reasons  attaches,  conies  in  this  class.  For  though  ob- 
MTTstions  show  that  the  greater  {>urt  of  a  moderate  dose  of  alcohol  is  oxi- 
dised within  the  body,  and  s<>  serves  as  a  source  of  energy,  man  has  recourse 
loftloihul  not  for  the  minute  quantity  of  energy  which  is  supplie<l  by  itself, 
but  (or  ils  powerful  influeuce  (m  the  distribution  of  the  energy  furnished  by 
'»tbef  things.  That  inlluence  is  a  very  complex  one  and  cannot  be  fully  dis- 
nuecd  here.  It  is  stale*!  that  moderate  or  small  <ioses  of  alcolud  diminish 
the  consumption  of  oxygen  and  production  of  carbonic  acid,  that  is  to  say, 
dizuinish  the  total  result  of  the  metabolism  of  the  body,  while  larger  but 
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still  not  intoxicating  doses  have  a  contrary  effect  and  increase  the  total 
metabolism.  But  such  a  statement  affords  no  sound  basis  for  any  conclusion 
B8  to  the  general  physiological  effect  of  alcohol,  or  as  to  its  iiaefulnees  as 
part  of  an  ordinary  diet ;  it  does  not  justify  such  a  conclusion,  for  example, 
as  that  alcoholic  drinks^  t^ken  in  moderation,  by  diminishing  metabolism 
economize  the  resources  of  the  body.  The  prominent  physiological  problem 
of  dietetics  is  not  either  to  increase  or  diminish  the  metabolism  of  the  Jxxiy, 
but  to  direct  that  metabolism  into  proper  channels;  and  whether  in  each 
particular  case  a  given  dose  of  alcohol  gives  a  right  or  a  wrong  turn  to  the 
physiological  procesBes  of  the  body,  depends  on  the  particular  circumstauces 
of  the  case.  For  the  action  of  all  these  bodies  of  which  we  are  now  speak- 
ing, in  contrast  with  the  actions  of  the  food-stuffs  proper,  is  not  only  complex 
but  variable;  so  complex  and  variable  that  situple  experience  is  at  present 
a  more  trustworthy  guide  than  speculative  physiology.  We  may  aad  that 
the  physiological  action  of  alcoholic  drinks  is  still  further  complicated  by 
the  fact  that  most  such  drinks  contain,  beside  ethylic  alcohol,  various  other 
allied  substances,  whose  action  is  even  more  potent  than  that  of  the  ethylic 
alcohol  itself,  and  whose  presence  very  markedly  determines  the  total  effect 
of  the  drink.  Such  articles  of  diet  as  tea  and  coffee  stand  upon  very  much 
the  same  footing  as  nlcohol. 

The  quantity  of  fluid  which  a  man  drinks  or  should  drink  daily,  or  more 
correctly  the  quantity  of  water  which  he  should  daily  udd  to  the  dry  solids 
of  his  diet,  must  vary  widely  according  to  circumstances.  It  will  differ 
according  as  he  is  perspiring  greatly  or  not,  according  to  the  nature  of  the 
dry  solids  of  the  diet,  whether  largely  carbohydrate  or  not,  and  so  on.  A 
lower  limit,  below  which  excretion  is  impeded,  and  a  higher  limit,  above 
which  digestion  and  metabolism  are  injuriously  affected,  probably  exist;  but 
we  have  as  yet  no  adequate  data  which  will  enable  us  to  fix  either  of  them. 

§  563.  In  the  selection  of  articles  of  food  to  supply  the  food-stuffs  and 
other  constitupnts  of  a  normal  diet,  regard  must,  of  course,  be  had  in  the 
first  place  to  the  amount  of  potential  energy  jiresent  in  the  material.  The 
articles  chosen  for  the  daily  fare  must  couttiiti  between  them  so  much  pro- 
teid,  fat,  and  carbohydrate  representing  so  much  available  energy.  Bui  it 
is  no  less  important  to  secure  that  the  energy  pntential  in  the  material  should 
be  really  nvaitable  for  the  economy.  The  material  must  have  such  qualities 
that  it  is  digested  within  the  alimentary  canal,  and  further  that  its  digestion 
and  absorption  do  not  give  rise  to  trouble  either  in  the  alimentary  caoal  or 
in  that  secondary  digestion  carried  on  by  means  nf  the  various  metabolic 
events  which  we  have  discussed  in  preceding  sections.  A  really  nutritious 
substance  is  one  which  not  only  contains  in  itself  an  adequate  supply  of 
energy,  but  is  of  such  a  nature  that  its  energy  can  be  appropriated  by  the 
economy  with  ease,  or  at  least  with  as  littJe  trouble  as  poaeible.  We  have 
approximate  data  for  determining  how  far  an  estimate  of  the  relative  use-^^ 
fulness  of  various  articles  of  food  must  be  corrected,  by  allowing  for  the  pro- 
portion of  each  which  after  an  ordinary  meal  merely  passes  through  tha 
alimentary  canal,  and  the  energy  of  which  is  not  in  any  way  available  fi>  ^ 
the  body*B  use.  Thus,  a  number  of  ok^ervations  carried  out  on  health;  ii 
indivitluals  gave,  in  the  case  of  the  following  articles  of  food,  the  fdlowin  ^ 
figures  as  the  percentage,  reckoned  in  each  case  on  dry  raalerial,  whic-  1 
could  be  recovered  from  the  feces,  and  was,  therefore,  not  digesjted  and  nw^naj 
used  by  the  body :  Meat,  5  jjer  cent. ;  eggs,  '>  per  cent. ;  milk,  9  per  oenc::^^ 
bread  (white),  4  per  cent.;  black  bread,  lo  jx-r  cent.;  rice,  4  per  cqifc:^j 
maccaroni,  4  per  cent.;  maize,  7  per  cent.;  peas,  0  per  cent.;  potatoes;  jfl 
per  cent.  It  must,  however,  be  remeral>ered  tliat  the  actual  correction  to  ^1 
made  in  any  case  will  depend  on  the  mode  of  cooking  of  the  materiaL    <v  I 
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character  of  the  meal  of  which  it  forms  part,  bii(!  on  the  individual 
cai.>ftbilitie«  of  the  consumer,  the  latter  too  varying  under  cHflerent  circum- 
stances. 

The  above  refers  to  what  may  be  called  rough  difjrestibility,  but  besides  this 

■  there  are  other  circumstaucee  to  be  roueidered.  Tlie  same  foodstuff  in  two 
article*  of  food,  though  actimlly  di^rested,  that  is  to  say  taken  up  by  the 
alimentary  canal,  may,  even  while  still  within  the  alimentary  canal,  undergo 
changes  in  the  one  case  diflering  from  thi>8e  in  the  other.  A  proteid  may  for 
instance  in  one  case  tend  to  be  entirely  converted  into  peptone,  or  t<»  break 
ap  into  leuctn,  etc.,  or  in  other  cases  to  undergo  other  changes ;  and  a  carbo- 
hydrate may  in  one  case  he  absorbed  sts  maltose,  and  in  another  give  rise  to 
lactic  acid.  Indeed,  when  we  speak  of  the  digestibility  or  the  indigestibllily 
of  this  or  that  article  of  food,  we  do  not  in  many  cases  so  much  mean  the 
relative  amount  of  the  substance  taken  up  in  some  way  or  other  by  the 
alimentary  canal  as  the  characters  advantageous  or  otherwise  of  the  changes 
which  it  undergoes  in  being  so  taken  up. 

Hence  the  purely  chemical  statemeot  of  the  amount  of  potential  energy 
present  in  an  article  of  food  is  no  safe  guide  of  the  physicdogical  vnhieof  the 
■ubstance.  A  chunk  of  cheese  stands  very  high  on,  generally  at  the  lop  of, 
a  table  of  the  nutritive  value  of  articles  of  foo<i  drawn  up  on  exclusively 
chemical  principles,  according  to  the  unita  of  energy  present  in  a  unit  of  the 
material  ;  but  it  is  very  low  down  in  a  corresponding  physiologicnl  table. 
And  similarly  a  dish  of  old  peas  has  a  very  diflerent  physiological  function 
from  a  plate  of  fresh  meat,  even  when  both  contain  the  same  amount  of 
Ditrogen. 

In  thus  correcting  for  digestion  the  nutritive  value  of  a  diet  it  must  also 
be  borne  in  mind  that  the  alimentary  canal,  while  chiefly  a  receptive  organ, 
B  also  to  some  extent,  ii  28<5,  an  excretory  organ;  a  free  passage  through  the 
canal  is  needed  not  only  for  carrying  oft*  undigested  matter  but  also  for  get- 
ling  rid  of  excreted  matter;  and  the  presence  of  the  former,  up  to  certain 
limits,  assists  the  discharge  of  the  latter.     Were  it  possible  to  prepare  a  diet 
every  jot  and  tittle  of  which  could  be  digested  and  abeorlwd,  the  use  of  such 
a  diet  would  probably  bring  about  disorder  in  the  economy,  through  the 
aWnce  of  a  sutficiently  rapid  discharge  of  the  matters  excreted  into  the 
alimentary  canal.    Hence  cellulose  and  like  J^ubHtance8,  even  when  unutilized 
through  absorption,  are  not  without  their  upe,  and  experience  shows  that 
*ii|je8iiun  may  l>e  promoted  by  eating  undigestible  things. 
§  554.     The  several  food-stuHs  of  a  diet  may  he  drawn  from  the  animal  or 
^m  ^ID  the  vegetable  kingdom.      Vegetable  proteids  appear  to  undergo  the 
^^iUiie  changes  in  the  alimeniary  canal  a.s  do  animal  proteids,  and  the  main 
^Hlfcets  on  the  body  of  proteids  from  the  two  sources  seem  to  be  the  same. 
^^^W  knowledge  at  present,  however,  is  loo  imperfect  to  enable  us  to  decide 
^M  *hether  the  functions  of  the  two  are  exactly  the  same,  whether  the  bo<1y 
^B  Shaves  exactly  the  same  upon  a  diet  in  which  the  proteids  are  exclusively 
^■Of  v^etable  origin,  as  ui>on  a  diet  in  which,  otherwise  the  same,  the  proteids 
^■^^  partly  of  animal  origin  also.     Nor  have  we  much  l^etter  knowledge  of 
^P^***  relative  nutritive  value  of  vegetable  and  nniiual  fats.     And  as  we  have 
'      •ll'eady  said,  we  poesess  little  or  no  exact  knowledge  as  to  the  part  played  by 
'Hfiee  extractives  in  respect  to  the  aniounl  and  nature  of  which  animal  food 
**»'ikingly  dift'ers  from  vegetable  food.     In  attempting,  therefore,  a  judgment 
'f'Jiu  a  purely  physiologic^il  point  of  view  as  to  the  value  of  an  exclusively 
**getarian  diet  compared  with  a  <liet  of  both  nnimal  and  vegetable  origin,  we 
^^  do  little  more  at  present  than  inquire  whether  the  former  supplies  the 
*^eral  food-stufttt  in  adequate  quantity,  in  proper  proportion,  and  in  such  a 
^rm  as  to  be  economically  utilized  by  the  body. 
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The  careful  examinatlou  during  three  separate  periods  of  several  days 
each  of  t!ie  ingeata  aud  ogerfLa  of  a  man,  28  yeard  old,  woijrhini^  o7  kilos, 
whu  had  for  three  years  lived  od  an  excluslvel}^  vegetable  diet,  viz.,  breads, 
fruit,  and  cit,  gave  the  following  resulte: 

The  daily  diet  consisted  on  the  average  of  719  grras.  solid  matter  andt 
1084  grrae,  water.     It  coutained 


Proteids 
Fa(8 

Carbohj'dratcs 
(Cellulose) 


54  grammes  containing  8-4  N. 
22  grammes. 
557  grHmtucs  (about  i  sugar  and  ^  starch)- 
U\  grammes. 


The  daily  feces  weighed,  when  fresh,  333  grms.  containing  7o  gnus,  solid 
matter,  and  were  therefore  both  bulky  and  watery.  There  were  present  in 
the  feces,  fat  7  grms.,  starch  17  grms.,  cellulose  9  grms.,  showing  that  30. 
per  cent,  of  the  fat,  6  per  cent,  of  the  Btardi,  and  r>G  per  cent,  of  the  cellul 
had  not  been  utilized  by  the  body.  The  subject  had  really  Hvetl  on  fat,  15 
grms.,  carbohydrates  540  grrua.  (and  cellulose  7  grms. ),  The  feces  contAined 
no  less  than  8.46  nitrogen.  If  we  reckftn  the  whole  of  this  as  proteid,  thia 
would  give  22  grms.  of  undigested  proteid,  so  that  there  has  been  a  waste  of 
41  [)er  cent,  of  the  proteids,  leaving  only  32  grms.  available  for  real  use  in 
the  body  ;  and  indeed  a  very  small  portion  only  of  this  nitrogen  can 
regarded  as  really  discharged  from  the  body  itself  The  total  solids  of  th 
feces  mufit  be  reckoned  as  partly  excreta  but  chietiy  undigested  food.  If  we 
regard  the  75  grms.  of  solid  feces  as  entirely  undigested  food,  the  whole  solid 
food  available  Tor  the  body  must  be  reduced  from  7U)  grms.  to  044  grms. 

The  urine  of  the  day  con  taine<l  5..^3  grms.  nitrogen;  this  added  to  the  3. 
grnii^.  nitrogen  in  the  fecoii  gives  8.7^  grm^,  uitrogeu  in  the  total  egestaasco! 
pared  with  the  8.4  grms.  nitrogen  of  the  food,  indicating  a  slight  loss  of  nitro- 
genous material  from  the  body;  but  if  we  sufipose  that  all  the  nitrogen  in 
the  feces  was  not  in  the  form  of  undigested  ibod  we  may  neglect  this ;  and 
indeed  the  subject  of  the  observation  was  in  apparently  good  health  aud 
stationary  weight. 

Compared  with  either  of  the  normal  diets  given  in  §  551,  the  above  diet  is 
striking  for  the  low  amount  of  proteids  and  of  fats  and  the  relative  excess  of 
carbohydrates.  But  though  such  a  diet  may  be  taken  as  perha|>a  fairly 
typical  of  the  daily  food  of  a  rigid  vegetarian,  a  much  more  richly  proteid 
diet  may  be  obtained  from  sources  still  strictly  vegetable.  Thus  the  diet, 
entirely  vegetable  in  nature,  of  an  average  Japanese  laborer  of  about  the 
same  weight  as  the  individual  whose  data  we  have  juse  given  has  been 
mated  to  consist  of  proteids  102  grms.,  fat  17  grms.,  carbohydrates  578  gr 
And  the  diet  of  a  Roumanian  peasant,  living  chiefly  on  beans  and  aiaixe 
with  the  addition  of  fat  of  some  kind,  has  been  calculated  ia  furnish  no  less 
than  proteids  182  grms.,  fat  93  grms.,  carbohydrates  968  grms.  ;  but  the  real 
nutritive  value  of  such  a  diet  must  need  very  large  correction  indeed. 
(y.  §  653. 

The  examination  of  the  diet  of  an  individual  living  with  a  fair  nitrogenous 
equilibrium  and  apparently  good  health  on  a  modified  vegetable  diet — that 
is  to  say,  one  which  included  milk  and  eggs — gave  the  following:  Proteids, 
74  grms.;  fat,  58  grms. ;  carbohydrates, 490  grms. — a  diet  which  ditiers  from 
the  normal  diet  almost  solely  in  tlie  lesser  amount  of  proteids,  one-third  of 
which,  by  the  by,  was  supplied  by  the  animal  material,  eggs  and  milk.  In 
another  instAnoe,  nitrogenous  equilibrium  and  fairly  good  health  were 
secured,  for  some  weeks  at  all  events,  on  a  vegetable  diet  yielding  proteids, 
about    100    grms.;    fat,  70  grms.;  carbohydrates,  400  grms.;  but  in  this 
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neftrly  the  whole  of  the  fat  waa  furnished  by  the  auimal  product  butter,  and 
Liebig's  extract  was  freely  used. 

Confining  ourselves,  however,  to  the  more  strictly  vegetarian  diet,  wc  may 
conclude  in  the  first  place  that,  unless  the  daily  ibod  be  very  large  in  amount, 
the  proteid  element  of  such  a  diet  falls  cousidenibly  below  the  100  or  more 
grins,  given  in  the  normal  diet.  But  we  cannot  authoritatively  say  that 
such  ft  reduction  Ls  necessarily  an  evil ;  for,  as  we  Mated  above  (1^  551),  our 
knowledge  will  not  at  present  permit  us  to  make  an  authoritative  exact 
statement  as  to  the  extent  to  which  the  proteid  may  be  reduced  without  dis- 
advootage  to  the  body  when  accompanied  by  adequate  provision  of  the  other 
eleraentB  of  food ;  and  this  statement  holds  good  whether  the  body  be  under- 
taking a  small  or  large  amount  of  labor.  A  second  leature  of  such  a  diet  ia 
the  marke«l  reduction  of  the  fat  and  its  roplacemeut  by  carbohydrates. 
Although  here  again  we  cannot  make  a  distinctly  nutlioritative  statement, 
the  evidence  which  we  possess  bears  clearly  in  the  direction  that  such  a 
Induction  is  a  marked  disadvantage.  A  third  and  very  characteristic  feature 
of  the  strictly  vegetarian  diet  is  the  relatively  large  amount  of  undigested 
food  lust  to  the  body  and  discharged  as  fecea.  Even  when  the  diet  is  scanty, 
ao  that  the  proteid  element  ia  low,  the  amount  of  feces  relatively  to  the  total 
food  is  high ;  and  when  a  more  normal  proteid  contribution  is  secured  by 
ample  meals  the  feces  become  exceedingly  volnminous.  Indeed  when,  leav- 
ing man,  we  compare  the  herbivorous  with  the  carnivorous  mammal,  we  find 
that  the  former  is  almost  as  clearly  distinguished  from  the  latter  by  its  fre- 
quent and  abundant  feces  as  by  the  anatomical  features  of  its  organization. 
We  have  already  urged  that,  since  the  feces  serves  as  a  means  of  excretion 
of  the  real  waste  products  of  metabolism,  a  cerUiin  amount  of  vehicle  to  carry 
these  away  is  of  advantage  or  even  necessary ;  but  there  are  no  facts  at 
present  known  to  us  which  show  that  the  larger  intestinal  current  of  the 
purely  vegetable  diet  effects  any  such  good  as  can  compensate  for  the  obvious 
waste  of  labor  incurred  iu  its  transport  and  manageoieut,  to  say  nothing  of 
the  opportunities  of  mischief  offered  by  a  mass  of  material  more  subject  to 
the  dominion  of  foreign  organisms  than  even  to  that  of  the  body  itself, 
tbough  these  op[)ortunities  arc  le^  than  with  a  corres|>onding  mass  of  animal 
<irigiD.  With  respect  to  these  three  features,  then,  the  strictly  vegetarian 
fliet  seems,  on  physiological  grounds,  inferior  to  one  of  a  mixed  nature. 
There  are,  as  we  said,  other  aspects,  still  of  a  strictly  physiological  kind,  to 
b«  considered,  such  as  the  relative  digestibility  of  vegetable  articles  of  food, 
^iie  relative  metabolic  value  of  the  food-stuffs  of  vegetable  origin,  and  the 
influence  of  animal  extractives;  but  any  fiiller  discussion  of  these  points 
*ould  be  out  of  place  here, 

§  555.  We  have  treated  the  diet  discussed  above  as  a  normal  diet,  suitable 
*^r  man  under  ordinary  or  general  circumstances.  Ought  such  a  diet  to 
**^  mrxiified  for  the  various  exigencies  of  life,  such  as  labor,  age,  climate,  und 
belike? 

We  shall  discuss  the  influence  of  age  in  the  concluding  portions  of  this 

Ofk. 

We  may  be  inclined,  at  first  sight,  to  assume  that  the  total  amount  of  the 

?*C5t  ehiiuld  vary  with   the  weight,  that  is,  the  size,  of  the  individual  ;  and, 

^'^cJeed,  iu  discussions  on  nutrition,  statements  concerning  metabolism  and 

**iii>unt  of  fiKKl  are  often  given  in  terms  of  per  kilo  of  body  weight.     In  a 

'>ruml  sense,  it  may  be  true  that  a  small  mau  needs  less  food  than  a  largo 

ot^e;  but  it  must  be  remembered  that,  as  we  saw  in  speaking  of  animal  heat, 

*^e  smaller  organism,  having  the  relatively  larger  surface,  carries  on  a  more 

^pid  metabolism  per  unit  of  body  weight,  and  so  needs  relatively  more  food. 

And,  moreover,  the  influence  of  size  is  probably  far  loss  than  the  iuflueace 
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exerted  by  the  inborn  inrlividual  characters  of  the  organism,  giving  rise  to 
what  we  may  call  the  peraonal  e<|uatiou  of  metabolism.  The  smaller  meta- 
bolism of  woman,  leading  to  the  use  of  a  scantier  diet,  aa  compared  with  that 
of  man,  is  to  be  regarded  in  this  light  rather  than  witlj  reference  to  the  average 
leeser  weight  of  woman.  The  relative  metabolism  of  the  two  sexes  may  be 
illustrated  by  the  case  of  an  active  man  and  his  wife,  both  of  about  the  same 
age  and  weight,  the  man  being  rather  the  heavier  and  the  woman  rather  the 
older,  who  in  carrying  out  together  an  experiment  on  the  relative  values  of 
vegetable  and  animal  food,  both  lived  for  some  time  on  the  same  kind  of 
diet,  and  found  that  nutritive  etjuilihrium  was,  in  the  one  case  and  in  the 
other,  maintained  when 


Protelda. 

FaU. 

C«rbob>-(lnlet. 

The  man  consumed  daily  about 

10f» 

70 

4<»0 

The  wife 

m 

67 

340 

The  most  striking  difference  is  in  the  proteids. 

§  556.  With  regard  to  climate,  the  chief  considerations  attach  to  tempe 
lure.  When  the  body  is  exposed  to  a  low  temperature  the  genera!  meta- 
bolism of  the  body  is  increased  owing  to  a  regulative  action  of  the  nervous 
system  (§  535).  We  might  infer  from  this  that  more  food  is  necessarv  in 
cold  climates ;  and,  since  the  increase  in  the  metabolism  appears  to  manifest 
itself  chieHy  in  a  greater  discharge  of  carbonic  acid,  and  therefore  to  be 
es()ecia]ly  a  carbon  metabolism,  we  might  infer  Lhat  the  carbon  elements  of 
food  should  l>e  c-ipecially  iucreaseil.  When  the  body  is  exposed  to  high 
temperatures,  the  same  reflex  mechanism  tends  to  lower  the  metabolism  ;  but 
the  effects  in  this  direction  are  much  less  clear  than  those  of  cold,  and  soon 
reach  their  limits;  the  bodily  tem[»eratiire  i^  nminlained  constant  under  the 
influence  of  surrounding  warmth  not  so  much  by  dtminishetl  production  as 
by  increased  loss.  We  may  infer  from  this  that  in  warm  climates  not  leas, 
but  if  anything  rather  more,  food  than  in  temperate  climates  ia  necessary  in 
order  to  supply  the  pers[)iration  needed  for  the  greater  evaporation  and  dis- 
charge of  heat  by  the  skin. 

In  both  cold  and  warm  climaies,  however,  man  trusts  much  more  to 
variations  in  his  clolhinj;  and  immediate  surroundings  to  protect  him  against 
colli  or  to  guard  him  from  heat  than  to  any  marked  variations  in  his  normal 
diet.  In  the  former  he  may  p€rha(5»  be  expected  to  eat  somewhat  more, 
since,  in  spite  of  wrappings,  his  skin  still  feels  in  part  the  cold,  and  thus  the 
nervous  mechanism  for  the  increase  of  metabolism  is  to  a  certain  extent  set 
to  work.  And  since  the  metabolism  thus  increased  appears  to  affect  espe- 
cially the  carbon  ttf  the  body,  he  may  further  be  cx()ccted  to  increase  the 
fata  rather  than  the  carbohydrates  of  his  fi.»od,  seeing  that  the  former  supplv 
him  with  the  most  energy  for  their  weight.  But  it  is  very  doubtful  whetlier 
what  he  might  thus  be  exjiected  to  gain  over  a  corresponding  increase  in 
carbohydrates  is  not  more  than  counterbalanced  by  the  increased  labor  of 
digestion;  and  the  habits  of  the  dwellers  in  arctic  climates  cannot  safely  be 
taken  as  guides  in  this  matter,  for  their  reputed  love  of  fat  is  probably  the 
result  of  that  being  their  most  available  form  of  carbon.  Indeed,  the  evidence 
that  the  increase  of  metalxdism  provoked  by  cold  bears  exclusively  on  carbon 
constituents  is  so  uncertain  that  it  may  be  doubled  whether  any  change  in 
the  normal  diet,  beyond  some  increase  in  the  whole,  should  be  made  to  meet 
a  cold  climate.  Similar  reasons  would  lead  one  to  infer  that  man  in  the 
warmer  climate  would  maintain,  on  the  whole,  the  same  normal  diet,  the 
only  change  being  perhaps  to  increase  it  slightly,  possibly  throwing  the 
increase  chieBy  on  the  carbohydrates  with  the  8j>ecial  view  of  furthering 
perspi  ration. 
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567.  A  special  diet  for  the  purpose  of  fattening — that  ie  to  say,  for  the 
Hccumulation  of  adipttse  tUBoe  out  of  proportion  to  the  rest  of  the  body — is 
not  needed  in  the  ca«c  of  man.  Tlte  ptjwer  to  store  up  fat  in  adipose  tii^sue 
in  much  more  dependent  ou  cerluiu  inln^rn  qualities  of  the  organism  wliioh 
we  cannot  at  present  define  than  on  the  kind  of  food  ;  of  two  bodies  living 
ou  the  same  diet,  and  under  the  same  eircumatanees,  one  will  become  fat 
while  the  other  will  remain  lean  ;  and  it  is  an  object  of  the  agriculturist  to 
develop  by  breeding  and  selection  a  "  amstitution"  which  will  store  up  the 
luost  fat  on  the  cheapest  diet.  In  fattening  animals  the  chief  care,  when  the 
selection  of  the  kind  of  animal  has  been  made,  ia  to  provide  adequate  carbo- 
hydrate food,  which,  as  we  have  seen,  is  the  chief  fatteuer  ;  aud  the  object  of 
the  farmer  in  roaring  stock  for  the  butcher  is  mainly  to  convert  chca])  vege- 
table carbohydrate  into  dear  animal  fat.  Further  aids  in  fattening  may  l>e 
found  in  providing  repose  fur  the  body  of  such  a  kind  that,  while  sufBcieut 
energy  is  expended  to  secure  adequate  digestion  and  absorption  of  food,  all 
cauiea  leading  to  an  increase  of  metabolism,  by  which  energy  is  set  free  and 
leaves  the  body,  are  avoided  as  much  as  poesible. 

To  avoid  fat  rather  than  to  increase  it  Is  ofleu  an  object  of  human  care. 
Tbiii  may  be  eHected  by  diminishing  fats  and  carbohydrates,  but  also,  in  a 
▼ery  marked  manner,  by  relalively  increasing  the  proteids.     Proteid  fiM>d.  as 
we  nave  seen,  augment^s  the  whole  metabolism  of  the  body,  hurrying  on  the 
destruction  not  only  of  proteifl  hut  of  carbon  food  ;  and  a  tendency  to  cor- 
pulency may  be  counteracted  by  a  diet  in  which  fats  and  carbohydrates  are 
mach  restricted,  and  proteids  are  largely  increased.     When,  as  in  what  is 
known  as  the  Banting  method,  the  diet  is  almost  exclusively  proteid,  the 
DitrogeDOUs  overwork  eutails  dangers  on  organisms  which  do  not  possess  the 
power  of  ridding  theniBelves  freely  of  the  large  amount  of  nitrogenous  waste 
which  such  a  diet  produces.     A  less  severe  method  in  which  the  fats  and 
carbohydrate*  arc  diminished  only,  ni^t  entirely  done  away  with,  and  the 
proteids  only   moderately  increased,  ia  less  open  to  objection  ;  aJid  such  a 
diet,  assisted  by  other  hygienic  conditions,  has  proved  successful. 

An  increase  of  daiiy  food,  largely  proteid  in  nature,  given  under  circum- 
KA&oee,  such  as  a  large  amount  of  j)assive  exercise  and  skin  stimulation, 
kaown  ns  "massage,"  which  will  not  only  favor  digestion  but  also  promote 
metftlxdism  in  general,  may  be  given  with  favorable  results.  In  this  way  an 
enormous  metaoolism  may  be  excited,  and  yet  so  carried  ou  that  the  body 
^08  both  in  flesh  and  in  fat.  Thus,  in  one  ease,  the  patient  with  an 
initial  weight  of  4o  kilos,  and  a  duily  nitrogenous  metabolism  calculated 
as  28  grms.  proteid,  reached  in  the  course  of  about  fifty  days  a  weight  of 
SO  kilos,  the  daily  nitrogenous  metalwliem  being  raised  on  one  occasion  to 
1^2  grms.  proteid,  with  an  average  on  the  whole  period  of  150  grms. 
I^urinp  the  ircjitment  no  leaa  than  8420  grms.  of  proteid  were  taken  as  food. 
§658.  With  regard  to  labor,  f^ince  as  we  have  seen  the  energy  expended 
^  Work  done  is  not  taken  out  of  and  away  from  the  amount  set  free  as  heat, 
^he  two  forms  of  energy  being  so  related  that  an  increase  of  work  done  is 
^coorupauied  by  a  greater  or  less  increase  of  heat  set  free,  it  is  obvious  that 
A  omq  who  is  doing  a  hard  day's  muscular  work  needs  a  larger  income  of 
tt^gy  for  the  dav  than  does  an  idle  man.  What  we  have  learnt  concerning 
muscular  metabolism  further  shows  us  that  the  additional  energy  needed  is 
Hot  ooceasarily  to  be  supplied  by  an  increase  in  the  proteid  components  of 
^^^  diet :  the  energy  of  muscular  contniction  does  not  come  as  was  once 
thought  from  proteid  metabolism  (^o:?0).  The  fact  that  it  is  the  carbon 
metaboliMn  which  is  augmented  in  muscular  work  may  suggest  that  the 
^xtra  f(KKl  for  extra  work  should  t>e  exclusively  carbon  compounds;  and  if, 
u  Aeems  probable,  the  carbohydrates  are  more  readily  and  directly  available 
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for  the  functional  metftbolism  nf  muscle  than  are  the  fata,  we  might  be  Airther 
led  torecommeud  an  increase  in  carbohydrates  tn  form  a  diet  especially  Buiiod 
for  labor.  But  several  considerations  shouhl  make  us  hesitate  before  we  come 
to  such  a  conclusion,  A  muscle  is  not  aiuacbiue  witliiu  the  body  which  can 
be  loaded  and  fired  off  irrespective  of  the  rest  of  the  body.  In  the  perform- 
ance of  muscular  labor,  the  condition  of  the  muscle,  the  amount  of  energy 
available  in  the  nauecle  itself,  i^  of  course  of  prime  importance  ;  but,  and 
this  perhaps  especially  holds  good  in  severe  labor,  of  great  importance  also, 
■we  might  almost  say  of  no  lees  importance,  is  as  we  have  urged  (jt  '^91)  the 
power  4)f  the  body  as  a  whole  to  avail  itself  of  the  energy  latent  in  the  mus- 
cle. The  [wwer  of  doing  work  hangs  not  on  the  muscle  alone,  but  on  the 
heart,  the  lunge,  the  nervous  system,  and,  indeed,  on  the  whole  body.  It  is 
very  doubtful  whether  we  ever,  even  in  supreme  efforts,  draw  upon  more 
than  a  portion  of  the  capital  of  energy  lodged  in  the  muscle  itself;  fatigue 
is  far  more  a  nervous  than  a  muscular  condition,  and  even  the  distinctly 
muscular  fatigue  is  as  we  have  seen  (§86)  partly  at  least  the  result  of  the 
accumulation  of  products  and  not  alone  the  using  up  of  available  energy. 
In  choosing  a  diet  for  muscular  labor  we  must  have  in  view  not  the  muscle 
itself  but  the  whole  organism.  And  though  it  is  possible  that  future  research 
mav  suggest  minor  changes  in  the  various  components  of  a  normal  diet  such 
as  would  lessen  the  strain  during  labor  on  this  or  that  part  of  the  body,  on 
the  muscles  as  wcU  as  on  nther  organs,  our  present  knowledge  would  rather 
lead  us  to  conclude  that  what  is  good  for  the  organism  in  comparative  rest 
is  good  also  for  the  organism  in  arduous  work,  that  the  diet,  normal  for  the 
former  condition,  would  need  for  the  latter  a  limited  total  increase  but  no 
striking  change  in  its  composition.  In  preparing  the  body  for  some  coming 
arduous  labor  in  **  training"  as  it  is  called,  an  increase  of  proteid  food,  for 
the  purpose  of  hurrying  on  the  general  metabolism  of  the  body,  and  thus 
of  making  "  new  llesh  "  and  renovatiug  the  b*Mly,  so  to  speak,  in  view  of 
the  strain  to  be  put  upon  it,  may  perhaps  suggest  itself;  but  even  (bis  is 
doubtful. 

The  principles  of  such  a  conclusion  with  regard  to  muscular  work  may 
be  applied  with  still  greater  confidence  to  nerv«jus  or  mental  work.  The 
actual  expenditure  of  energy  in  nervous  work  is  relatively  small,  but  the 
indirect  influence  on  the  economy  is  very  great.  The  closeness  and  intri- 
cacies of  the  ties  which  bind  all  parts  of  the  b<xly  together  are  very  clearly 
shown  by  the  well-known  tendeuctea  of  so  called  brain  work  to  derange  the 
digestive  and  metabolic  activities  of  the  body  ;  and  if  there  be  any  diet 
especially  suited  for  intellectual  labor  it  is  one  directed  not  in  any  way 
toward  the  brain,  but  entirely  toward  lightening  the  labors  of  and  smoothing 
the  way  for  such  parts  of  the  body  as  the  stomach  and  the  liver. 
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CHAPTER   I. 

THE  SPINAL  CORD. 


Ok  Some  Features  of  the  Spinal  Nerves. 

'^9.  We  have  called  the  muscular  and  nervous  tiseues  the  master  tissues 

of  the  b*Kly  ;  but  a  8{)ecial  part  of  the  uervous  system,  that  wliich  we  know 

as  the  central  nervous  system,  the  brain  and  spinal  cord,  is  supreme  among 

the  nervous  tissues  and  is  master  of  the  skeletal  musclet^  as  well  as  of  the 

rest  of  the  body.      We  have  already  (Book  I.,  Chapter  III.)   touched  on 

•ome  of  the  general  features  of  the  nervous  system,  and  have  now  to  study 

in  detail  the  working  of  the  brain  and  spinal  cord.     We  have  to  inquire 

what  wp  know  concerning  the  laws  which  regulate  the  discharge  of  efferent 

impulses  from  the  bniin  or  from  the  cord,  and  to  learn  how  that  discliarge  is 

detfrrmined  on  the  one  hand  by  intrinsic  changes  originating,  apparently,  in 

tlte  substance  of  the  brain  or  of  the  conl,  and  on  the  other  hand  by  the 

Qsture  and  amount  of  the  attereut  impulses  which  reach  them  along  afferent 

nerves. 

As  we  shall  see.  the  study  of  tlie  spinal  cord  cannot  be  wholly  separated 
from  that  of  the  brain,  the  two  being  very  closely  related.  Nevertheless,  it 
irill  be  of  advantage  to  deal  with  the  spinal  cord  by  itself  as  far  as  we  can. 
The  medulla  oblongata  or  spinal  bulb'  we  shall  consider  aa  part  of  the  brain. 
Bm  before  we  speak  of  the  spinal  cord  itself,  it  will  be  desirable  to  say  a  few 
Words  oonoerniug  the  spinal  nerves,  that  ia  to  say,  the  nerves  which  issue 
fr%im  the  sphial  cord. 

We  have  already  seen  (§  96)  that  each  of  the  spinal  nerves  arises  by  two 
'ools.  au  anterior  root  attached  to  the  ventral  or  anterior  surface,  and  a  pos- 
terior root  attached  to  the  dorsal  or  posterior  surface  of  the  cord.  We  have 
further  seen  that  the  latter  bears  a  ganglion,  a  "ganglion  of  the  posterior 
■^oot"  or  **  spinal  ganglion,"  as  we  have  (?j  97)  studied  the  structure  of  this 
S'Aiifflion . 

We  stated  at  the  same  time  that  while  the  trunk  of  a  spinal  nerve  con- 
Witied  both  efferent  and  afferent  fibres,  the  efferent  fibres  were  gathered  up 
U^U)  the  anterior  nx)t  and  the  afferent  fibres  into  the  posterior  root:  but  we 
K«ve  no  pr(M>f  of  this  statement. 

i  560,  liefore  we  proceed  to  do  so,  it  will  be  as  well  to  say  a  few  words  on 

*  tbt  benn  medollft  obloogau  Is  not  oaly  long,  but  prcMDU  dtfflcultlet.  flnoc  Um  word  meduUk 
■  BOW  ftrtly  laftd  to  denote  the  wbote  iplnal  cord  (mediUla  upttuUla)  hot  l»  gener&Ily  oiei]  to  denot« 
ivneolUr  com  of  a  nervc-tibre,  Ibe  wblic  lUbiUDce  of  Schwann.  In  ailnc  instead  the  wonl  buib 
T  "imi— ij.  tptnal  bvib  thvre  ts  little  fear  of  con  fUslon  wltb  any  othur  kindof  balb.  The  adjective 
KuooluoeomiuDDiiK,  loracb  pbnuK)ia>"baibaT[MiraIyiiii." 
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tbe  terms  '* efferent"  and  **afierent."  By  efferent  nerve-fibreft  we  mean 
nerve-fibres  whicb  in  the  body  usually  carry  impulses  from  the  central  ner- 
vous svBtem  to  peripheral  organs.  Most  efferent  nerve-fibres  carry-  impulses 
to  muscles,  striated  or  plain,  and  the  impulses  passing  along  them  give  rise 
to  movements;  hence  they  are  frequently  spoken  of  as  "  motor''  fibres.  But 
all  efferent  fibres  do  not  end  in  or  carry  impulses  to  muscular  fibres ;  we  have 
seen  for  instance  that  some  efferent  fibres  are  secretory.  Moreover,  all  the 
nerve  fibres  going  to  muscular  fibres  do  not  serve  to  produce  movement; 
some  of  them,  as  in  the  case  of  certain  vagus  fibres  going  to  the  heart,  are 
inhibitory  and  may  serve  to  stop  movement. 

By  **  afferent"  nerve-fibres  we  mean  nerve  fibres  which  in  the  body  usually 
carry  impulses  from  |>eripheral  organs  to  the  central  nervous  system.  A 
very  common  effect  of  the  arrival  at  the  central  nervous  system  of  impulses 
passing  along  afierent  fibres  is  that  change  in  consciousness  which  we  call  a 
•'sensation";  hence  afierent  fibres  or  impulses  are  often  called  ''sensory" 
fibres  or  impulses.  But  a^  we  have  already  in  part  seen,  and  ti&  we  shall 
shortly  see  in  greuler  detail,  the  central  nervous  system  may  be  affected  by 
afferent  impulses,  and  that  in  several  ways,  quite  apart  from  the  develojmient 
of  any  euch  change  of  consciousness  as  may  be  fairly  called  a  sensation. 
We  shall  see  reason  for  thinking  that  afierent  impulses  reaching  the  spinal 
cord,  and,  indeed,  other  parts  of  the  central  nervous  system,  may  modify 
reflex  or  automatic  or  other  activity  without  necessarily  giving  rise  to  a 
** sensation."  Hence  it  is  advisable  lo  reserve  the  terms  "efferent"  and 
"  afferent"  as  more  general  modes  of  expreeaiou  than  "  motor"  or  ** sensory." 

We  have  seen  iu  treating  of  muscle  and  nerve,  that  the  changes  produced 
in  the  muscle  serve  as  our  best  guide  for  determining  the  changes  taking 
place  iu  a  motor  nerve ;  when  a  motor  nerve  is  separated  from  its  rau:«cle 
(•^  72)  tbe  only  change  which  we  can  ap]ireciate  in  it  is  an  electrical  change. 
Similarly  iu  the  case  uf  an  afierent  nerve,  the  central  Mvstera  is  our  chief 
teacher;  in  a  bundle  of  afferent  fibres  isolated  from  the  central  nervous  sys- 
tem, in  a  posterior  root  of  a  spinal  nerve  for  instance,  the  only  change  which 
we  can  appreciate  is  an  electrical  change.  To  learn  the  characters  of  affer- 
ent impulses  we  must  employ  the  central  nervous  system.  But  in  this  we 
meet  with  ditficulties.  Iu  studying  the  phenomena  of  motor  nerves  we  are 
greatly  assisted  by  two  fact?,  tirat,  the  muscular  contraction  by  which  we 
judge  of  what  is  going  on  in  tbe  nerve  is  a  comparatively  simple  thing,  one 
contraction  diflering  from  another  only  by  such  features  as  extent  or  amount, 
duration,  frequency  of  re^^eiition,  and  the  like,  and  all  such  difierences  are 
capable  of  exact  measurement.  Secondly,  when  we  apply  a  stimulus  directly 
to  the  nerve  itself,  the  effects  differ  in  degree  only  from  those  which  result 
when  the  nerve  is  set  iu  action  by  natural  stimuli,  such  as  the  will.  When 
we  come,  on  the  other  hand,  to  investigafe  the  phenomena  of  afferent  nerves, 
our  labors  are  for  the  time  rendered  heavier,  but  in  the  end  more  fruitful, 
by  the  ibllowing  fircumstaufes :  First,  when  we  judge  of  what  is  going  on  in 
an  afferent  nerve  by  the  efiecls  which  stimulation  of  the  nerve  protluces  in 
some  central  nervous  organ,  in  the  way  of  exciting  or  modifying  reflex 
action,  or  modifying  nutomatic  action,  nr  afiecting  consciousness,  we  are 
met  on  the  very  threshold  of  every  inquiry  by  the  difficulty  of  clearly  dis- 
tinguishing the  events  which  belong  exclusively  to  the  afferent  nerve  from 
those  whicli  belong  to  the  central  organ.  Secondly,  the  efiects  of  applying 
a  stimulus  to  the  peripheral  end-organ  of  an  afferent  nerve  are  very  difierent 
from  those  of  applying  the  same  stimulus  directly  to  the  nerve  trunk.  This 
may  be  shown  by  the  simple  experience  of  comparing  the  sensation  caused 
by  bringing  any  sharp  body  into  contact  with  a  nerve  laid  bare  in  a  wound 
with  that  caused  by  contact  of  an  intact  skin  with  the  same  body.     These 
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^Hid  like  diH'erences  reveal  to  us  a  romplcxity  of  impulses,  of  which  the 
^^theDomena  of  motor  nerves  gave  us  hardly  a  hint. 

We  shall  further  see  in  detail  later  ou  that  our  consciousness  may  be 
affected  in  many  ditlerent  ways  by  afferent  impulses;  we  must  distinguish 
not  only  sensory  from  other  atferent  impulses,  but  aUo  different  kiuds  of 
aeoAory  impulses  from  each  other.  Certain  aiTereut  nerves  are  spoken  of  as 
owveB  of  special  sense,  and  the  nature  of  the  afferent  impulses  passing  along 
thme  special  nerves,  together  with  the  moditications  of  consciousness  caused 
by  arrival  of  these  impulses  at  the  central  nervous  system,  constitute  by  them- 
■eiTes  a  complex  and  diSicult  branch  of  study.  lu  some  of  the  problems  con- 
oeoted  with  the  central  nervous  system  we  shall  have  to  appeal  to  the  results 
of  a  study  of  these  special  senses ;  but,  on  the  other  hand,  a  knowledge  of  the 
central  nervous  system  is  necessary  lo  a  proper  understanding  of  the  special 
senses;  and  on  the  whole  it  will  be  more  convenient  to*8tudy  the  former 
before  the  latter. 

We  noay,  however,  digress  here  to  remark  that  the  (iuesti<m  whether  an 
afferent  impulse  differs  in  itself  from  an  efferent  impulse  is  oueof  great  diHi- 
culty.     It  is  true  that  the  electrical  changes,  which  alone,  as  we  bave  said, 
we  can  appreciate  in  an  isolated  piece  of  nerve,  appear  to  be  the  same  in  both 
kinds  of  fibres;    in  each  the  electrical  change  is  propagated  in  both  direc- 
tions, and  possesses  the  same  features.     But  it  would  be  hazardous  to  insist 
too  much  on  this.     Moreover,  we  must  remember  that  what  we  call  a  nervous 
impulse,  especially  one  provoke<l  by  artificial  stimulation,  constitutes  a  gross 
change  in  the  nerve-fibre,  and  that  changes  of  a  finer,  more  delicate  nature, 
such  as  cannot  be  shown   by  the  coarse  methtnls  used  to  detect  a  '*  nervous 
impulse,"  may  lake  place  in,  and  be  propagated  along,  a  nerve  fibre.      We 
shall  have  occasion  immeiliately  to  point  out  that  the  condition  of  an  aO'erent 
ncrve-tibre  along  its  whole  length  19  dependent  on  a  nerve-cell  in  thegai»glion 
of  the  po8teri*>r  root;  the  fibre  when  out  off  from   the  nerve-cell  degenerates 
aod  dies.     This  monna  that  in  the  intact  fibre  certain  influences  are  propa- 
gated along  the  fibre  from  the  cell  in  the  ganglion  to  the  peripheral  endings  <it 
theBbre,  that  is  to  say  in  a  direction  the  opposite  uf  that  taken  by  the  ordinary 
oervous  impul^^es ;  and  it  may  bo  that  in  like  manner  in  efferent  fibres  some 
inflaeQces  are  propagated   ceutrlpetally  from  the  peripheral  endings  to  the 
central   nervous  system.     Our  knowledge  of  these  influences  is  extremely 
^^  limited  ;  but  it  is  important  to  bear  in  mind  the  possibility  of  their  occur- 
^fe  VBQoe.     And  we  had  this  in  view,  when  above,  in  speaking  of  efferent  and 
^H  aftrent  fibres,  we  used  the  phrase  **  usually  carry  impulses." 
^P  _  {661.  The  proof  that  the  afferent  and  etferent  fibres  which  are  both  present 
"     In  the  trunk  of  a  spinal   nerve  are  parted  at  the  roots,  the  efferent   fibres 
running  exclusively  in  the  ventral  or  anterior  root,  and  the  aflerent  fibres 
^L  exclusively  in  the  dorsal  or  posterior  root,  is  as  follows : 
^P       When  the  anterior  root  is  divided  the  muscles  supplied  by  the  nerve  cease 
^  be  thrown  inl(t  contractions,  either  by  the  will  or  by  reflex  action,  while  the 
•truciurea  to  which  the  nerve  h  distributed  retain  their  sensibility.     During 
tbe  section  of  the  root,  or  when  the  proxioaal  stump  that  connected  with  the 
>piDal  cord  is  stimulated,  no  sensory  effects  are  produced.     When  tht*  distal 
•tutop  is  stimulated  the  muscles  supplied  by  the  nerve  are  thrown  into  cuu- 
tactions.     When  the  posterior  root  is  divided  the  muscles  supplied  by  the 
n«rve continue  to  be  thrown  into  action  by  an  exercise  of  the  will,  or  as  part  of 
'reflex  action,  but  the  structures  lo  which  the  nerve  is  distributed  lose  the 
Svotibility  which  they  previously  possessed.     During  the  section  of  the  root, 
ud  when  the  approximal  stump  is  stimulated,  the  sensory  effects  are  pro- 
flucod.     When  the  distal  stump  is  stimulated  no  movements  are  called  forth. 
TbsM  facts  demonstrate  that  sensory  impulses  pass  exclusively  by  the  poste- 
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rior  root  from  the  peripheral  to  the  central  organs,  and  that  motor  impuh^| 
pass  exclusively  by  the  anterior  root   from  the  central  to  the  peripbedHI 
orgaus ;  and  as  far  as  uur  knowledge  goea  the  same  holds  good  not  only  for 
sensory  and  motor  but  also  for  afferent  and  etferent  impulses. 

An  exception  must  be  made  to  the  above  general  statement^  on  account  of 
the  so-called  "  recurrent  seDeibility"  which  is  witne&se<l  in  conscious  mam- 
mals, under  certain  circumstances.  It  sometimes  happens  that  when  the 
distal  stump  of  the  divided  anterior  root  is  stimulated,  signs  of  pain  are  wit- 
nessed. These  are  not  caused  by  the  concurrent  muscular  contractions  or 
cramp  which  the  stimulation  occasions,  for  they  persist  af^r  the  whole  trunk 
of  the  nerve  has  been  divided  some  little  way  nelow  the  union  of  the  roots 
above  the  origins  of  the  muscular  branches,  so  that  no  contractions  take 
place.  They  disappear  when  the  posterior  root  is  subsequently  divided,  and 
they  are  not  seen  if  the  mixed  nerve-trunk  be  divided  close  to  the  union  of 
the  roots.  The  phenomena  are  probably  due  to  the  fact  that  bundles  of 
sensory  fibres  of  the  posterior  root  after  running  a  short  distance  down  the 
mixed  trunk,  turn  back  and  run  upward  in  the  anterior  root  (being  distrib- 
uted probably  to  the  pia  mater)  and  by  this  recurrent  course  give  rise  to 
the  recurrent  sensibility. 

§  562.  Concerning  the  ganglion  on  the  posterior  root,  we  may  say  definitely 
that  we  have  no  evidence  that  it  can  act  as  a  centre  of  retlex  action  nor  have 
we  any  evidence  that  it  can  spontaneously  give  origin  to  eflerent  impulses 
and  tlins  act  as  an  automatic  centre,  as  can  the  central  nervous  system  itself. 
The  bodies  of  the  nerve-cells  behave  somewhat  dtfierently  from  the  axis-cylin- 
ders at  some  distance  from  the  cells,  though,  as  we  have  seen,  these  are  in 
reality  processes  of  the  nerve-cells;  thus  the  nerve-cells  in  the  ganglion 
appear  to  be  more  BGnsitive  to  certain  poisons  than  are  the  nerve-tibree  of 
the  nerve-trunk.  But  beyond  this,  our  knowledge  concerning  the  function 
of  the  ganglion  is  almost  limited  to  the  fact  that  it  is  in  some  way  intimately 
connected  with  the  nutrition  of  the  nerve.  As  we  have  already  (§  83)  said, 
when  a  mixed  nerve-trunk  is  divided  the  peripheral  portion  degenerates 
from  the  point  of  section  downward  toward  the  periphery.  The  central  i>or- 
lion  does  not  so  degenerate,  and  if  the  length  of  nerve  removed  be  not  too 
great,  the  central  portion  may  grow  downward  along  the  course  of  the  degen- 
erating peripheral  portion,  and  thus  regenerate  the  nerve.  This  degenera- 
tion is  observed  when  the  mixed  trunk  is  divide<i  in  anr  part  of  its  course 
from  the  periphery  to  close  up  to  the  ganglion.  When  tie  posterior  root  is 
divided  between  the  ganglion  and  the  spinal  cord,  the  portion  attached  to 
the  spinal  cord  degenerates,  but  that  attached  to  the  ganglion  remains  intacU 
When  the  anterior  root  is  divided,  the  proximal  portion  in  connection  with 
the  spinal  cord  reiuuius  intact,  but  the  distal  portion  between  the  section  and 
the  junction  witli  the  other  root  degenerates;  and  in  the  mixed  nerve-trunk 
many  degenenUed  fibres  are  seen,  which,  if  they  be  carefully  traced  out,  are 
found  to  be  moinr  (oflerent)  fibres.  If  the  posterior  root  be  divided  carefully 
between  the  ganglion  and  the  junction  with  the  anterior  root,  the  small  por- 
tion of  the  posterior  root  left  attached  to  the  peripheral  side  of  the  gaugliou 
above  the  section  remains  intact,  as  does  also  the  rest  of  the  root  from  the 
ganglion  to  the  spinal  cord,  but  in  the  mixed  nerve-trunk  are  seen  numerous 
degenerated  fibres,  which  when  examined  are  found  to  have  the  distribution 
of  sensory  (afferent)  fibres.  Lastly,  if  the  posterior  ganglion  be  excised,  the 
whole  posterior  root  degenerates,  as  do  also  the  sensory  (afferent)  fibres  of 
the  mixed  nerve  trunk.  Putting  alt  these  facts  together,  it  would  seem  that 
the  growth  of  the  efferent  and  afferent  fibres  takes  place  in  opposite  direc- 
tions, and  starts  from  different  nutritive  or  "  trophic  "  centres.  The  afferent 
fibres  grow  away  from  the  ganglion  either  toward  the  periphery,  or  toward 
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ioal  cord.     The  efferent  fibres  grow  outward  from  the  spinal  cord 
the  periphery.     This  Jiflereuce  in  their  mode  uf  nuLrilion  tB  fre- 
quently of  great  help  iu  investigating  the  relative  distribution  of  efferent  and 
afierent  fibres.     When  a  posterior  root  is  cut  beyond  the  gangIion»  or  the 
gauglioD  excised,  all  the  atterent  nerves  degenerate,  and  in  the  mixed  nerve- 
Branches  these  afiercut  fibres,  by  their  altered  condition,  can   readily  be 
traced.     Conversely,  when  the  anterior  roots  are  cut,  the  eflereut  fibres  alone 
degenerate,  and  can  be  similarly  recognized  iu  a  mixed  nerve-tract.     When 
the  anterior  root  is  divided  some  few  fibres  in  it  do  not,  like  the  rest,  degen- 
erate, and  when  the  posterior  root  is  divided,  a  few  fibres  in  the  anterior  root 
are  seen  to  degenerate  like  those  of  the  posterior  root ;  these  appear  to  be  the 
fibres  which  give  U)  the  anterior  root  it£  "  recurrent  senaibility.'     In  the  case 
of  certain  spinal  nerves  at  nil  events,  it  has  also  been  ascertainetl  that  when 
the  posterior  root  is  divided,  while  most  of  the  fibres  in  the  part  of  the  root 
thus  cut  off  from  the  ganglion  hut  lefl  attached  to  the  cord  degenerate,  some 
few  do  not.     These  few  appear  to  have  their  trophic  centre  not  in  the  gan- 
glion, but  in  some  part  of  the  spiual  cord  itself;  we  shall  refer  to  these 
later  on. 

This  method  of  distinguishing  nerve- fibres  by  the  features  of  their  degen- 
ention,  called  the  "degeneration  method,"  or  sometimes  from  the  name  of 
the  physiologist  who  introduced  it,  the  "  Wallerian  method,"  has  proved  of 
gwat  utility.  Thus  in  the  vagus  nerve  which  is  composed  not  only  of  fibres 
which  spring  from  the  real  vagus  root,  but  also  of  fibres  proceeding  fmra  the 
•pinal  accessory  roots,  the  two  may  be  dit^tinguished  by  section  of  the  vagus 
and  ipinal  accessory  roots  respectively.  We  shall  presently  see  that  this 
iBsthod  may  be  applied  to  the  diflerentiatiou  of  tracts  of  fibres  in  the  brain 
tad  Bpinal  cord. 


The  Structure  op  the  Spinal  Cord. 

5  663.  Lying  within  the  vertebral  canal  the  spinal  cord  is  protected  by 
iu  "  membranes,"  the  dura  mater,  the  arachnoid  membrane  and  the  pia 
nitler.  The  consideration  of  the  arrangement  of  these  membranes  and  of  the 
rtructure  of  the  dura  mater  and  arachnoid  we  will  leave  until  we  come  to 
•peak  of  the  vascular  and  lymphatic  supplies  of  the  central  nervous  system  ; 
toe  histology  of  the  pia  mater  mav  more  fitly  come  with  that  of  the  spinal 
coni  itself. 

A.li.>ng  its  whole  length  from  its  junction  with  the  bulb  to  its  termination 
ID  the  fiium  tertmnale  the  spinal  cord,  while  possessing  certain  general  fea- 
turi«,  is  continually  changing  ae  tu  special  features.  It  will  be  eonveuient 
to  study  first  the  general  Btructureof  some  particular  part,  for  instance  the 
■iiidle  of  the  thoracic  (dorsal)*  region,  and  afterward  to  point  out  the  special 
ftitures  which  obtain  in  the  several  regions. 

A  transverse  vertical  section  of  either  a  fresh  or  a  hardened  and  prepared 
•pinal  cord  at  the  thoracic  region  possesses  an  outline  which  is,  roughly 
•peaking,  circular.  In  the  middle  of  the  anterior  or  ventral  surface  is  a  ver- 
tical fissure,  the  venlTul  or  anterior  fissure  (Fig.  174,  A.  F.),  running  some 
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A  TRANS\'eitSE  I>0)UO-VKNT&At.  SEfTJOX  DF  THE  S^PiAI.  CORD  (HtnUN)  AT  THE  I.K\'Bt.  OV  THK 
TUOKAHC  (DOItSAl-l  NtltVK.  (Shebhinotok.)* 
MagiiUtvd  15  tinitsi.  One  InlcrEl  tmlf  ntily  tb  lihown.  Tbe  Inr^c  cutiii)iiciion!>  nerTv>-cv1lr  idnwii 
fnim  iictiiAl  spcrimenB)  ore  i<hAde>d  Linck  to  rtMidor  their  rclativr  Mxe,  Alinpc  end  jmadtlan  nmre  ot>- 
Tlouf-;  the  ouUineofthegni)- matter  bns  bc«n  made  ihlc>kAn(ld«rt  in  order  to  render  it coti^pintixu.. 
A.  v.,  anterior  flwure :  ]'.  F.,  )HiMoiior  lUxure ;  c.  c,  (*entrBl  cuniil :  e.tj.t,.,  ccniraJ  gflatinr>u5  frut^ 
atance  :  A.  r.,  anterior  mnt ;  r.  r..  lateral  (or  iniermedlate)  bundle  ;  P.  r*-.  mLHlitin  biirntU-  nr  jMiste- 
rlor  mot  of  uplnal  nerre  ;  j/  p"  Ot>rOji  of  |)nKtertor  root  |ia$»ini{,  p'  indirectly  ihrntiffb  Uic  vubntiuice  nf 
Rolando,  p"  directly  Into  gray  uiutler;  o.  g.  c.  anterior  gray  commltsnre ;  ;>.  g  c.  |ii>!.icrlor  grmy 
otimralsurc  :  n.  c,  anterior  white  rominiaaare;  ant.  coL,  aateilor  cnluuD :  lot.  cot.,  lalervl  uoluiao 
po«(.  col.,  (Kjetchor  column;  «.  g.,  the  enbtitance  of  Kulnndo;  «.,  eepltun  mnrkiug  uui  the  external 
poaterlur  cnhiinn  or  column  of  Burdnch,  r.  p.,  frniii  the  median  postcrinr  column,  ut  column  of  Ooll, 
m.  p.  1.  celtii  of  the  anterior  bum ;  3.  posterior  column  or  vevlcular  rylinder.  or  colnmu  uf  Clarke. 
the  area  vt  the  cylinder  U  defined  by  n  dotted  line  ;  4,  c-ell»  of  the  tnlermedki-latenU  tmrt  nr  Ulvnl 
tmcl  or  Iftieml  hnm  ;  fi.  cell*  of  the  j^wlerlnr  linrn  :  7.  t-etlii  of  the  anterior  cer*ii ;  i/,  u  Imct  of  flbna 
pasElDg  IWtm  lbcTesicula.r  cylinder  to  ibc  lateral  culumn. 

way  across  the  thickness  of  the  cord  from  the  veutrni  toward  the  doraai  sur- 
face. Opposite  to  it  on  the  posterior  or  dorsal  surface  is  a  correspondiiig, 
deeper  but  narrower,  dorsal  or  posterior  jmurc  (Fig.  174,  F,  F.)  which,  ht.w- 

1  For  tbii  aad  man^«nceeeding  flgtires  I  am  deeply  Indebted  to  my  friend  and  foxnust  papU,  Itt. 
Sbcrrlogtou,  wbo  liai  kindly  preimnKl  tlie  tigores  Tor  me  from  tih  original  drawing. 
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•T«r,  fts  we  shall  see,  differs  materially  in  nature  from  the  anterior  fissure, 
&od  oa^bt  to  be  called  a  septum  rather  than  a  fissure.  Between  the  two  fis* 
sur«B  the  sult^tanoe  of  the  cord  is  reduced  to  a  narrow  isthmus  uniting  the 
two  lateral  halves,  which  in  a  normal  cord  are  like  each  other  in  every 
reB|>ect,  In  the  middle  of  the  isttiraus  lies  the  section  of  a  small  canal,  the 
central  canal  (Fig.  174,  c.  c),  which  is  all  that  remains  of  the  relatively  wide 
neural  canal  of  ihe  embrvo. 

Each  lateral  half  consists  of  an  outer  sons  of  white  maiter  surrounding, 
except  at  the  isthmus,  an  inner  more  or  less  crescentic,  or  comma-8hape<i 
mass  of  ^au  matter.     The  convexity  of  each  crescent  is  turned  toward  the 
mpilian  line  of  the  cord,  the  two  crescents  being  placetl  back  and  back  and 
joined  together  by  the  isthmus  just  spoken  of.     The  somewhat  broader  ante- 
rior extremity  of  the  crescent,  or  head  of  the  comma,  is  called  the  anterior 
«cmuorftorn;  and  the  narrower  posterior  extremity  of  the  crescent,  or  tail 
of  the  comma,  is  called  the  pottterior  eomu  or  Iwrn.     The  part  by  which  each 
horn  is  joined  on  to  the  middle  part  of  the  crescent  is  called  the  eenjix,  ante- 
rior and  posterior  res))ectively.     The  isthmus  joining  the  backs  of  the  two 
cn»oeut«,  like  the  crescents  themselves,  consisfi*,  for  the  most  part,  of  gray 
matter,  the  band  running  posterior  or  dorsal  to  the  central  canal  being  called 
the  poiUerior  gray  commisgure  i  Fig.  174  p.  g,  c),  and  the  baud  running  ante- 
rior or  ventral  to  ihe  canal  being  called  the  anterior  gray  commvmire  (Fig, 
1V4,  (I.  (7.  c).     The  posterior  (iasure  touches  Ihe  iK>8Lerior  gray  commissure, 
I        but  the  anterior  gray  commissure  is  separated  from  the  bottom  of  the  ante- 
^L  riur  fissure  by  a  band  of  white  matter,  calle<l  the  anterior  white  commismre, 
^M  or  more  simply,  the  wAt70  rommiMurc,  or  sometimes  the  anterior  comnMmre 
■  'Fig.  174.  a.  c). 

^B  It' the  section  be  taken  at  the  level  uf  the  origin  of  a  pair  t>f  spinal  nerves, 
itvill  be  seen  that  the  anterior  or  ventral  root,  piercing  the  white  matter 
opposite  the  head  of  the  comma  in  several  distinct  bundles  (Fig.  174,  A.  r.), 
planjres  into  the  anterior  cornu,  while  the  posterior  or  dorsal  ro*>t  (Fig.  174, 
I  r.r..  P.  r'.),  having  the  appearanceof  a  single  undivided  bundle,  passes,  in  part 
iktieut,  into  the  posterior  horn.  Both  roots  are  dispersed  lengthways  along  the 
cord,  the  hinder  roots  of  one  nerve  being  close  to  the  foremost  roots  of  the  nerve 
hclowibut  it  is  only  the  anterior  nx)ta  which  are  dispersed  sideways.  The  com- 
pact bundle  of  the  postemr  root  divides,  with  tolerable  sharpness,  the  white 
matter  in  each  lateral  half  of  the  cord  into  a  posterior  portion  lying  between 
lie  posterior  fissure  and  the  (>osterior  root  (Fig.  173,  pod.  col.),  which  portion 
nace,  as  we  shall  see,  it  runs  in  the  form  of  a  column  along  the  length  of 
tli«  cord,  is  called  ihe  posterior  columyt,  and  into  a  portion  lying  to  the  outside 
"f  the  posterior  root  between  it  and  the  anterior  fissure,  calleil  the  a«/cro- 
loterdl  column.  This  latter  may  be  considered  as  further  divided,  by  the 
flBtnmce  of  the  anterior  roots  into  a  lateral  column  (Fig.  174,  iat  col.)  between 
tlie  posterior  root  and  the  most  external  bundle  of  the  anterior  root,  and  into 
M  tiHterior  column  (Fig.  174,  ant  col.)  between  the  anterior  fissure  and  the 
njijst  external  bundle  of  the  anterior  root.  The  part  traversed  by  the  bun- 
dles of  the  anterior  root,  aa  they  make  for  the  anterior  horn,  accordingly 
belongs  to  the  anterior  column  ;  but  some  writers  speak  of  the  anterior 
column  as  lying  between  the  anterior  fissure  and  the  nearest  bundle  of  the 
iDterior  root,  thus  making  the  region  of  the  anterior  root  belong  to  neither 
anterior  nor  lateral  column.  And  indeed  the  distinction  between  the  ante- 
rior and  the  lateral  column  is,  to  a  great  extent,  an  artificial  distinction. 

f  564,  The  "  white  matter"  consists  exclusively  of  medullated  fibres  sup- 

ported  partly  by  connective  tissue  and  partly  by  a  peculiar  tissue  known  as 

mgmroglia^  of  which  we  shall  presently  speak.    The  fibres  are  of  various  sizes, 

t  many  of  them  are  large,  and  in  all  of  them  the  roe<Julla  is  conspicuous. 
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They  run  for  the  most  part  tongitudinally,  so  that  in  transverse  sections  of 
the  cord  nearly  the  whole  of  the  white  matter  appears  under  the  microscope 
to  be  coDQpoaed  of  lumute  circlea,  the  transverse  sections  of  the  longitudinally- 
dispoeed  fibres,  imbetlded  in  the  supporting  structures.  The  *'  gray  matter" 
also  contains  meduUateil  fibres,  but  these  are  for  the  most  part  exceedingly 
fine  fibres  possessing  a  medulla  which  appears  to  difier  from  that  of  an 
ordinary  nerve-fibre,  since  it  does  not  stain  readily  with  osmic  acid,  but  it 
rendered  visible  by  special  modes  of  preparation  such  as  that  known  aa 
Weigert*8.  Hence  these  fine  fibres  are  not  apparent  in  ordinary  carraiue  or 
other  specimens,  and  indeed  their  presence  was  for  a  long  time  overlooked. 
Besides  these  fine  mediillnted  fibres,  if  we  may  call  them  such,  the  gray 
matter  contains  what  the  white  matter  does  not,  nerve-cells  with  branching 
processes,  naked  axis-cylinders,  and  delicate  filameuta  arising  from  the 
division  of  axis-cylinders  or  from  the  branching  of  nerve-cells,  all  these 
various  structures  being  imbedded  in  neuroglia.  Owing  to  the  relative 
abundance  of  the  white  refractive  medulla,  the  white  matter  possesses  in 
fresh  specimens  a  characteristic,  opar^ue  white  color  ;  hence  the  name.  The 
gray  matter  from  the  relative  scautinees  oi'  meilulla  has  no  such  opaque 
whiteness,  is  much  more  translucent,  and  in  fresh  specimens  has  a  gray  or 
rather  pinkish-^ray  color,  the  reddish  tint  being  due  to  the  presence  partly  of 
pigment  and  partly  of  blood,  for  the  bloodvessels  are  much  more  aoundant 
in  the  gray  matter  than  in  the  white. 

The  pia  mater  which  closely  invests  the  cord  all  around  oonsista  of  odd- 
nective  tissue  fairly  rich  in  elastic  elements  and  abundantly  supplied  with 
bloodvessels;  it  is  indeed  essentially  a  vascular  membrane  and  furnishes  the 
nervous  elements  of  the  cord  with  their  chief  supply  of  blood.  It  sends  tn 
at  intervals  partitions  or  septa  of  the  same  nature  as  itself  radiating  toward 
the  central  gray  matter.  The  narrow  posterior  fissure  is  completely  filled  up 
by  a  targe  septum  of  this  kind,  indeed  as  we  have  said  is  in  reality  not  a 
fissure  but  a  large  septum ;  but  the  anterior  fissure  is  too  wide  for  such  an 
arrangement;  the  whole  membrane  dips  down  into  this  fissure,  following  the 
surface  of  the  cord  and  being  reflected  at  the  bottom.  Prom  these  primary 
septa,  secondary  finer  sepUi  still  corapijsed  of  ordinary  fibriilated  connective 
tissue,  carrying  bloodvessels,  branch  ofl^;  but  these  are  soon  merged  into  the 
peculiar  supporting  tissue,  called,  aa  we  have  said,  neuroglia.  This  consists 
in  the  first  place  of  small  branching  cells,  lying  in  various  planes.  The 
branching  te  excessive,  so  that  the  body  of  the  cell  is  reduced  to  very  small 
dimensions,  indeed  at  times  almost  obliterated,  the  nucleus  disappearing 
while  the  numerous  branches  are  continued  as  long,  fine  filaments  or  fibre* 
pursuing  a  devious  but  for  the  most  j)art  a  longitudinal  course.  In  the 
second  plac*  these  celln  and  fibres  or  filaments  are  irabeddeti  in  a  homo- 
geneous ground  substance.  Relatively  b*  the  fibres  and  ground  sul>stance 
the  bodies  of  the  cells  (which  are  called  Deiter's  cells),  especially  bodies  such 
as  bear  obvious  nuclei,  are  very  scanty  ;  hence  in  sections,  especially  in 
transverse  sections,  of  the  cord  the  neuroglia  has  oflen  a  dotted  or  punctated 
appearance,  the  dots  being  the  transverse  sections  of  the  fine  longitudinally- 
disposed  fibres  imbedded  in  the  ground  substance.  Examined  chemically, 
the  neuroglia  is  found  to  be  composed  not  like  connective  tissue  of  gelatin, 
but  of  a  substance  which  appears  to  be  closely  allied  to  keratin,  the  chief 
constituent  of  horny  epidermis,  hairs  and  the  like,  $  436,  and  which  has 
therefore  been  called  nexiroheratin  (see  also  §68).  And  indeed  this  neuroglia, 
though  like  connective  tissue  a  supporting  structure,  is  uot,  like  connective 
tissue,  of  mesoblastic,  but  of  epiblastic  origin.  The  walls  of  the  neural 
canal  of  the  embryo  which  are  transformed  into  the  spinal  cord  of  the  adult 
consist  at  first  of  epithelial,  epiblastic  cells  ;  and  while  some  of  these  cells 
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|l>ecome  nervous  elementB,  others  become  neuroglia.     The  epithelinl   cells 
I  which  are  destined  to  form  neuroglia  become  exceedingly  branched,  while 
their  originally  protoplasmic  cell  substance  becomes  transformed  to  a  large 
fxtent  into  neurokeratin. 

The  neuroglia  fills  up  the  spaces  between  the  radiating  larger  septal  pro- 
liiugations  of  the  pia  mater  and  the  finer  branched  septa  which  starting  from 
the  larger  one«  carry  minute  bloodvessels  into  the  interior  of  the  white  a 
tuiktter.  In  these  ^pace^  it  is  so  arranged  as  to  form  delicate  tubular  canals, 
of  very  variable  size,  running  for  the  nuist  part  in  a  longitudinal  direction. 
Each  of  these  tubular  canals  is  occupied  by  and  wholly  tilled  up  with 
medullated  nerve-fibre  of  corresponding  she.  A  mednllaied  nerve-fibre  of 
the  white  matter  of  the  spinal  cord  resembles  a  tiiedutlated  nerve-fibre  of  a 
nerve  (§  68)  in  being  composed  of  an  axis-cylinder  and  a  medulla;  but  it 
poneasee  no  primitive  sheath  or  Qeurilemma.  This  is  absent  and  indee<l  is 
not  wanted ;  the  tubular  sheath  of  neuroglia  affords  in  the  spinal  cord  (and 
u  we  shall  see  in  the  central  nervous  system  generally)  the  support  which  in 
a  oerve  is  afforded  by  the  neurilemma.  Nodes  are,  according  to  most  authors, 
absent,  bat  some  say  they  are  present. 

The  white  matter  of  the  cord  consista  then  of  a  more  or  less  solid  mass  of 
neuroglia,  having  the  structure  just  described,  which  is  permeate<l  by  minute 
canals,  some  exceedingly  fine  and  carrying  very  fine  2  «  fibres,  others  larger 
and  carrying  fibres  up  (o  the  size  of  15  .".     This  mass  is  further  broken  up 
int/i  areas  by  the  smaller  and  larger  vascular  connective-tissue  septa  with  the 
edges  and  endings  of  which  the  neuroglia  is  continuous.     Ma'*t  of  the  nerve- 
fibres,  as  we  have  said,  run  longitudinally  and  in  a  transverae  section  of  the 
cord  are  cut  transversely ;  but  as  we  shall  see  fibres  are  continually  passing 
iDto  and  out  of  the  white  matter,  and  in  so  doing  take  a  more  or  less  trana- 
verse  course;  these,  however,  are  few  compared  with  those  which  run  in  a 
longitudinal  direction.     On  the  outj^ide  of  the  cord  below  the  pia  mater  the 
neuroglia  is  developeii  into  a  layer  of  some  thickness  from  which  nerve-fibree 
are  absent ;  this  is  oflen  spoken  of  as  an  inner  layer  of  the  pia  mater ;  but 
being  neuroglia  and  not  connective  tissue  is  of  a  different  nature  from  the 
pia   mater  proper.     A  layer  of  this  superficial  neuroglia  also  accompanies 
the  larger  septa,  and  a  considerable  quantity  is  present  in  the  large  septum 
called  the  posterior  fissure. 

The  pia  mater  carries  not  only  bloodvessels  but  also  lymphatics;  of  these, 
however,  we  shall  speak  when  we  come  to  deal  with  the  vascular  arrnnge- 
tnents  of  the  whole  of  the  central  nervous  system. 

§  d65.  In  the  gray  matter  we  may  distinguish  the  larger,  more  couHpicuous 
ocrwe-cells  and  the  rest  of  the  gray  matter  in  which  these  cells  lie.  We 
have  already  (^  99)  described  the  general  features  of  these  larger  nerve-cells, 
and  shall  have  presently  to  speak  of  their  special  characters  and  grouping. 
JiC«anwhite  the  most  important  point  to  remember  about  them  brides  the 
Act  thai  they  vary  largely  in  form  and  size  is  that  while  one  process  may 
or  does  become  an  axis-cylinder  of  a  nerve-fibre,  the  others  rapidly  branch, 
axid  breaking  up  into  fine  nerve-filaments  are  lost  to  view  in  the  rest  of  the 
^ra)'  matter. 

These  larger  nerve-cells  form,  however,  a  part  only,  and  in  moat  regions  of 
the  oord  the  smaller  part,  of  the  whole  gray  matter.  In  a  transverse  section 
from  the  thoracic  region  (Fig.  174)  a  few  only  of  these  larger  nerve-cells  are 
6e«a  in  the  wliole  section,  and  though  they  appear  more  numerous  in  sec- 
Ions  from  the  cervical  and  especially  from  the  lumbar  regions  (  Figs.  176, 
7).  yet  in  all  cases  they  occupy  the  smaller  part  of  the  area  of  the  gray 
ifttter.  The  larger  part  of  the  gray  matter  cousistif,  besides  a  neuroglia 
ipporting  the  nervous  elements,  of  nerve -filaments  running  in  various  direc- 
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tions  and  forming,  not  a  plexus  properly  so  called,  but  an  interlAcement  of 
extreme  complexity.  These  filaments  are,  on  the  one  hand,  the  fine  medul- 
lated  fibres  fipokeu  of  above  as  bein^  recognized  with  difficulty,  and,  on  the 
other  hand,  nou-medullated  filaments  ranging  from  fairly  wide  and  con- 
spicuous naked  axis-cylinders  down  to  fibrils  of  extreme  tenuity,  the  latter 
arising  apparently  either  from  the  division  of  axi^-cylinders  of  nerve-fibres 
passing  into  or  out  of  the  gray  matter  or  frum  the  continued  branching  of 
processes  of  nerve-cells.  By  the  modes  of  preparation  now  available  it  haa 
Deen  shown  that  the  fine  medullated  fibres,  so  far  from  being  rare,  are  in 
certain  parts  of  the  gray  matter  bo  abundant  as  even  to  preponderate  over 
the  Don-medullated  fibres  or  fibrils.  Lastly,  besides  the  conspicuous  nerve- 
cells  spoken  of  above,  which»  though  of  various  sixes,  may  all  perhaps  be 
spoken  of  as  large,  a  very  large  number  of  other  cells  of  small  size,  some  of 
which  at  all  events  must  be  regarded  as  true  nerve-celle,  are  present  in  the 
gray  matter. 

The  neuroglia  in  which  all  these  structures,  nerve-cells,  fine  roedullated 
nerve-fibres,  naked  axis-cylinders,  and  fine  filaments  are  imbedded,  is  identical 
in  its  general  characters  with  that  of  the  white  matter,  hut,  as  naturally  fol- 
lows from  the  nature  of  the  nervous  elements  which  it  supports,  is  differently 
arranged.  Instead  of  forming  a  system  of  tubular  channels  it  takes  on  the 
form  of  a  sponge-work  with  large  spaces  for  the  larger  nerve-celU  and  fine 
passages  for  the  nervous  filaments.  At  the  junction  of  the  gray  matter  with 
the  white  matter,  the  neuroglia  of  the  one  is  continuous  with  that  of  the 
other,  and  the  conuective-tissueseptaof  the  latter  run  right  into  the  former; 
the  outline  of  the  gray  matter  is  not  smooth  and  even,  but  broken  by  tooth* 
like  processes  due  to  the  septa.  Since,  as  we  have  just  said,  some  of  the  true 
nerve-cells  are  very  small,  and  since  the  uerve-filameuts  like  the  neuroglia 
fibres  are  very  fine  aud  take  like  them  an  irregular  course,  it  often  becomes 
very  difficult  in  a  section  to  determine  exactly  which  ia  neuroglia  and  which 
are  nervous  elements.  The  neuroglic  cells  may,  however,  be  distinguished 
perhaps  from  the  smaller  nerve-celL*  bv  their  nuclei  not  being  so  conspicuous 
or  so  relatively  large  as  in  a  nerve-cell,  and  by  their  staining  differently. 

The  gray  matter  then  may  be  bruadly  described  as  a  bed  of  neuroglia, 
containing  a  certain  number  of  branching  nerve-cells,  for  the  most  part 
though  not  exclusively  large  and  conspicuous,  but  chiefly  occupied  by  what 
is  not  so  much  a  plexus  as  an  intricate  interweaving  of  nerve-filaments 
running  apparently  in  all  directions.  Some  of  these  filaments  arc  fairly  ct>n- 
epicuous  naked  axis-cylinders,  and  a  few  are  easily  recognized  medullated 
fibres  oi"  ordinary  size;  but  by  far  the  greater  number  are  either  exceedingly 
fine  medullated  fibres,  whose  medulla  is  only  made  evident  by  special  modes 
of  preparation^  or  delicate  fibrils  tlevoid  of  medulla.  With  the  nervous  web 
formed  by  these  filaments  the  branching  processes  of  the  nerve-cells,  on  the 
one  hand,  and  the  divisions  of  nerve-fibres  passing  into  or  out  of  the  gray 
matter,  on  the  other  hami,  appear  to  be  continuous.  It  may  be  added  that 
the  gray  matter  is  well  supplied  with  bloodvessels,  these  being  in  it,  asstateid 
above,  relatively  much  more  numerous  than  in  the  white  matter. 

§  566.  The  central  canal  is  lin^d  by  a  single  layer  of  columnar  epithelial 
cells,  which  are  generally  described  as  bearing  cilia;  but  it  is  not  certain 
that  the  processes  which  may  be  seen  projecting  from  the  surfaces  of  the 
cells  are  really  cilia.  These  epithelial  cells  rest  not  on  a  distinct  basement 
membrane,  but  on  a  bed  of  neuroglia,  free  apparently,  or  nearly  so,  from 
nervous  element  which  surrounds  the  central  canal  and  is  sometimea  spoken 
of  as  the  mibstmiiia  gelatinoita  ceixtraUs  (Fig.  174.  c.  ff.  a.).  The  attached 
bases  of  the  epithelial  cells  are  branched  or  taper  to  a  filament,  and  become 
continuous  with  the  branched  cells  or  fibres  of  the  neuroglia  below.     As  we 
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said  above,  the  neuroglia  elemeuu  are  traDaformed  epithelial  cells;  and  the 
continuity  of  the  cell^,  which  retaining  the  characters  of  epithelial  cells  form 
a  lining  to  the  canal,  with  the  cells  which  have  become  branched  and  Io8t 
their  ejathelial  cliaracterH,  indicates  the  epithelial  origin  of  the  latter. 

The  central  canal  with  the  surrounding  area  of  neuroglia  forma  the  central 
part  of  the  isthuuK  uniting  the  two  lateral  halves  of  the  cord.  Posterior 
(dorsal J  to  this  central  mnfis  lies  the  posterior  f/ray  commtMurc  (Figs.  174, 
176,  177,/?.  ff.  c),  compoaeti  chiefly  of  fine  filaments  running  transversely, 
and  anterior  (ventral)  to  it  lies  nrat  the  thinner  ani^rioT  f/raj/ commigtnire 
(Figs.  174,  176.  177,  a.  g.  c.)  of  a  similar  nature,  and  then  the  relatively 
thick  white  commiaure  (Figs.  174»  176,  177.  a.  c. )  which  is  formed  by  medul- 
lated  fibres  crossing  <»ver  from  one  side  of  the  cord  to  the  other,  and  thus 
constitutes  a  decussation  of  fibres  along  the  whole  length  of  the  cord.  Ou 
each  aide  the  central  mass  of  neuroglia  of  which  we  are  speaking  gradually 
merges  into  the  central  gray  matter  of  the  corresponding  lateral  half. 

The  end  or  head  (caput),  as  it  is  frequently  called,  of  the  posterior  horn  ia 
occupied  not  by  ordinary  gray  mattter,  but  by  a  peculiar  tissue,  the  substantia 
gelaiinosa  of  Rohndo,  which  forms  a  sort  of  cap  to  the  more  ordinary  gray 
matter,  hut  differs  in  size  and  shape  in  different  regions  of  the  cord,     ((j. 
Figs.  174,  175,  176,  s.  g.)     In  carniinc  and  some  other  modes  of  preparation 
it  id  frequently  stained  more  iteeply  than  is  the  ordinary  gray  matter,  and  iu 
such  preparations  is  very  conspicuous.     It  may  be  described  as  consisting  of 
a  somewhat  peculiar  neuroglia  traversed  by  fibres  of  the  posterior  root,  and 
containing  a  large  number  of  cells  which,  for  the  most  part  small,  the  cell- 
bodies  being  small   relatively  to  the  nuclei,  are  not  all  alike,  some  being 
probably  nervous  and  others  not.    It  takes  origin  from  the  cells  forming  the 
immediate  walls  of  the  embryonic  nieduliary  canal.     In  the  embryo,  this 
canal  is  relatively  wide,  though  compressed  from  side  to  side,  and  in  trans- 
▼ene  sections  of  the  medullary  tul>e  appears  at  a  certain  stage  as  a  narrow 
oval  slit  placed  vertically  and  reaching  almost  from  the  dorsal  to  the  ventral 
surface.     Thedorsal  part  of  this  long  slit  ia  later  on  closed  up  by  the  coming 
together  of  the  walls  and  the  obUteration  of  the  greater  part  of  the  cavity, 
leaving  the  ventral  part  to  form  a  circular  canal,  which  by  the  development 
of  the  anterior  columns  assumes  the  central  position.     During  this  closura 
»f  the  dorsal  part  of  the  canal  a  ma^  of  the  celU  lining  the  canal  is  cut 
from  the  rest  on  each  side,  and  during  the  subsequent  growth  takes  up  a 
position  at  the  end  of  the  posterior  horn.     Hence,  though  it  never  appar* 
eotly  contains  any  cavity,  the  substance  of  Rolando  may  be  regarded  as  an 
Holated  portion  of  the  walls  of  the  medullary  canal,  which  has  undergone  a 
derelopment  somewhat  different  from  that  of  the  portion  which  remains  as 
tbe  lining  of  the  central  canal.     Traces  of  this  origin  may  be  seen  even  in 
tbe  adult.     Thus,  in  the  lower  end  of  the  cord,  in  what  we  shall  speak  of 
pi^eeocly  as  the  conxis  medullaria,  the  central   canal  widens  out  dorsally, 
Md  in  section  (Fig.  175,  A)  presents  on  each  side  a  bay  x  stretching  out 
^^^trd  the  position  of  the  posterior  horn.     At  this  region  of  the  cord,  though 
^'th  white  and  gray  matter  are  developed  on  the  ventral  surface,  the  posterior 
onlumns  do  not  meet  on  the  dorsal  surface,  but  leave  the  central  canal  covered 
loly  by  tissue  which  perhaps  may  he  called  neuroglia,  but  is  of  peculiar 
DiUire  and  origin.      In  the  calf,  iu  a  part  of  the  dorsal  region  the  substance 
of  Rolando  ia  not  confined  to  the  tip  of  the  posterior  horn,  but  is  continued 
to  meet  ita  fellow  in  the  middle  line.     (Fig.  175,  B.)     If  we  imagine  the 
^*nn\  portion  of  the  canal  of  A  to  be  cut  off  from  the  ventral  |>ortion,  its 
avity  to  be  obliterated,  and  the  lining  epithelium  with  some  of  the  sur- 
rooDding  elements  to  undergo  a  special  development,  the  condition  in  B  is 
reached  by  the  growth  of  the  posterior  columns.     From  B  the  transition  to 
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the  normal  state  of  thiuga  aa  in  Fig.  175,  e,  is  a  very  ftlight  one.  The  extreme* 
ii^>r»ai  tip  of  the  horn,  being  of  a  more  open  texture  than  the  substauce  of 
Kolando,  is  Bomettmen  called  the  zona  apongiom. 


Fig.  175. 
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tllAUKAM   TO  iLU'STHATK  THE    N'.irUKr  OF  THt  eiBSTAHCE  OF    ROLANlH>. 

Tho  (Urins  are  iiurely  (tlAgramiaallcani)  are  noulrnwn  to  the  ume  icale.    In  aU  three  Hgarei  tb« 
gray  mmicir  In  ihatlvd  with  tliia  Unes  and  the  white  matter  witb  dots. 

A,  tmiuverMoaecttoii  of  the  lower  end  of  Ibcoouua  meduUaris  lu  man-,  c,  epithelium  Uolltg  Ibe 
nHnlullHry  tmrnl ;  a  lAl«rml  expansion  of  the  canal ;  n,  transrarae  aectlou  of  the  splual  con]  of  Ibe 
oair  111  thi*  towur  thnmoio  rwlon ;  r,  subsUnoe  of  Rolando ;  c.  oentiml  oanA] ;  C,  inuimm 
UlCuUKb  lutd-thomdc  region  of  cord  in  man. 
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M7.  The  groujnng  of  the  iierve-ceils.  The  nerve-cella,  at  all  events  the 
cells  which  are  large  enough  to  be  easily  and  without  doubt  recognied  to  be 
norve-celJH,  furtu,  as  we  have  seen,  only  a  part  of  the  gray  matter,  and  in 
Honiu  parts  of  the  cord,  in  the  thoracic  region  for  inHlance,  are  so  sparse  that 
in  a  Hcotion  of  the  spinal  cord  in  this  region  thin  enough  to  show  its  histo* 
logical  features  satisfactorily,  the  bodies  of  a  few  only  of  such  cells  are  visible 
(I'ig.  174);  the  greater  part  of  the  gray  matter  consists  not  of  the  bodies  of 
conspicuous  nerve-cells,  but  of  n  mass  of  fibres  and  fibrils  passing  apparently 
in  all  directions.  In  the  cervical  (Fig.  176),  and  especially  in  the  lumbar 
(Fig.  177)  regions,  the  nerve-cells  are  both  absolutely  and  relatively  more 
abundant;  but  even  in  a  section  taken  from  the  lumbar  region  the  nerve- 
cHiIU,  nil  put  together,  form  the  smaller  part  of  the  whole  area  of  gray 
nuUliT.  Moreover,  in  respect  of  the  number  of  cells,  all  the  sections  of  even 
lhi«  Mime  region  of  the  cord  are  not  alike.  Seeing  that  the  cord  may  be  con- 
»idoro«l  as  growing  out  of  the  fusion  of  a  aeries  of  paired  ganglia,  each  gan* 
lion  corresponding  to  a  nerve  [cf.  ^  98),  we  may  fairly  expect  to  find  the 
ulon  not  complete,  so  that  the  nerve-cells  would  appear  more  numerous 
uppoaito  a  nerve  than  in  the  middle  between  two  nerves.  In  some  of  the 
luwttr  animals  this  arrangement  is  most  obvious,  and  there  are  some  reasons 
ll»r  ihinkiug  that  even  iu  man  the  nerve-cells  are  metamerically  increased  at 
thi*  Irvel  of  each  nerve. 

Even  whou  casually  observed,  it  is  obvious  that  the  nerve-cells  are  not 
■MllfTMi  iu  a  wholly  irregular  manner  throughout  the  gray  matter,  being, 
ftur  iualauiv,  luuoh  more  conspicuous  in  the  anterior  horn  than  elsewhere; 
miA\\  Mt(>rr'  i«rtn<foi  observation  allows  us  to  arrange  them  to  a  certain  extent 

I  antfnor  horn  are  for  the  most  part  large  and  conspicuous, 

Ml*i  i\i  Lut «  in  diameter,  branch  out  in  various  directions,  and  present  an 
irtiMular  outline  in  sections  taken  in  ditlereut  planes.  We  have  reason  to 
(hiu\  thai  i«very  one  of  them  poasesses  an  &x\s  cylinder  process,  which,  in 
al  all  events  of  most  of  the  cells,  passing  out  of  the  gray  matter 
a  flbro  of  the  adjacent  anterior  root.  They  are  obvious  and  con-, 
in  all  rcffious  of  the  cord,  though  much  more  numerous  and  iadi- 
larf^rr  iu  tne  cervical  and  lumbar  enlargements  than  in  the  thoracic 
i^^i.'u      Wo  may  Airther,  with   greater  or  less  success,  divide  them   into 
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TtlMlvUSX  DOMO-VCMTRAL  SKmOM  OP  SPINAL  CoftD  fllDMlM)  AT  TUIt  LKVBI>  OV  TBI  SXYTW 
CEHVICAl.  NBRVC.     (BRERRTKOTOX.) 

thli  u  ilnwu  un  tliu  MUte  scnle  lu  Fig.  174.  that  is.  miMfulQixl  f1(U*eti  Uim'9.  r./.  /.,  latenil  reUcuUr 
(wnntkin :  r.  /.  p.,  posterior  ruUcular  rormailoD ;  p*,  flne  fibres  uf  lateral  buiulle  uf  thti  pontvrlor  niot : 
>"•  ft".  Abrw  of  ffledlftn  bundle  of  (rjaierlor  root  ODierlog  gray  maicer  from  uxienuil  paetcrlor  oolumti : 
''In/  uuttOTof  poMerior  horn  :  Sp.  a.,  bumlluordbnai  belongfiig  to  tbe  ipbrnl aoocnory  nerve;  In 
l^Utctal  reticular  foraiatiun  they  ftreseen  rut  transreraelf  ;  6.  Isa  natural  •eptniu  of  connective 
!*■■)•  marking  out  the  cerebellar  tract  C.  T.  f^>in  (heciucaed  pyramidal  tract  C  P.  T.;  s.  r,  woa 


2  «    Ay  lateral  cells  of  the  aoierlor  bom  ;  5,  celli  iu  the  region  ot  the  lateral  reticular 
The  other  leti*>r9  of  reference  arv  the  Mime  aa  In  Pig.  1T4. 
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In  the  cervical  and  lumbar  regions  a  fairly  distinct  group  of  cells  i«  seen 
lying  on  the  median  side  of  the  gray  matter  close  to  the  anterior  column 
(FigB.  176,  177,  1).  Thia  may  be  called  the  median  group.  It  appears  also 
in  the  thoracic  region  (Fig.  174,  1)  ;  indeed,  the  question  arises  whether  all 
the  cells  of  the  anterior  horn  in  this  region  do  not  belong  to  this  group.  The 
other  cells  so  conspicuous  in  the  lumbar  and  cervical  enlargements,  and  there- 
fore probably  in  some  way  associated  with  the  limbs,  may  be  spoken  of  as 
forming  altoj^etber  a  faiCT-a^^TTOHp;  but  we  may,  though  with  »*jme  uncer- 
tainty^  subdivide  them  into  two  or  three  groups.  Thus  in  the  lumbar  region 
a  group  of  cells  (Fig.  177,  2  ; )  lyiug  near  the  lateral  margin  of  the  more 
dorsal  part  or  base  of  the  horn  nifty  he  distinguished,  as  a  lateral  nub  tp'oup, 
from  the  cells  occupying  the  ventral  lateral  corner  of  the  horn  and  forming 
a  ventral  or  anterior  subgroup  (Fig.  177,  2*  )  ;  and  the  same  distinction, 
though  with  less  success,  may  be  made  in  the  cervical  region  (Fig.  176). 
Further,  we  may  perhaps  in  both  regions  distinguish  a  group  of  cells  placed 
more  in  the  very  middle  of  the  horn  as  a  central  sub -group  (Figs.  176,  177. 
2  fl).  But,  in  all  cases,  the  separation  of  these  cells,  which  we  have  spoken 
of  as  a  whole  as  lateral  cells,  into  minor  groups,  is  far  less  distinct  than  the 
separation  of  the  median  group  from  these  lateral  cells,  especially  if  we 
admit  that  in  the  thoracic  region  the  median  group  is  alone  clearly  repre- 
sented. 

In  the  thoracic  region  a  group  of  rather  smaller  cells  is  seen  at  the  base 
of  the  anterior  horn,  near  to  the  junction  with  the  isthmus  (Fig.  174,  7i. 
In  the  cervical  and  lumbar  region  these  cells  are  very  scanty  (Figs.  176, 
177.  7). 

The  cellf  oj  the  posterior  horn  contrast  strongly  with  those  of  tbe  anterior 
horn  in  being  few,  and  for  the  most  part  small.  They  are  branched ;  and 
though  we  have  reason  to  believe  that,  like  the  cells  of  the  anterior  horn, 
they  possess  each  an  axis-cylinder  process,  this  is  not  easily  determined  by 
actual  observation;  the  processes  do  not  run  out  tu  join  the  posterior  root, 
as  do  the  corresponding  processes  in  the  anterior  horn,  and  therefore  are  not 
BO  readily  seen.  These  cells  occur  in  all  regionsof  the  cord,  and  appear  to 
be  arranged  in  two  or  more  groups.  The  lateral  margin  of  the  posterior  horn, 
at  about  the  middle  or  neck  of  the  horn,  is  along  the  whole  length  of  the 
cord,  but  especially  in  the  cervical  region,  much  broken  up  by  bundles  of 
fibres  passing  in  various  directions  and  forming  an  open  network,  called  the 
lateral  reti^mlar  formation  (Figs.  176,  177,  r.J.  lat.).  la  all  regions  of  the 
cord  a  number  of  cells  are  found  associated  with  this  reticular  furinution, 
forming  the  group  of  the  lateral  reticular  fonnation  (Figs.  176,  177,  5).  In 
all  regions  of  the  cord,  also  a  group  of  cells  (Figs.  174,  176,  177,  6)  is 
found  in  that  part  of  the  horn  where,  a  little  ventral  to  the  substance  of 
Rolando,  the  uniform  field  of  gray  matter  is  broken  up  into  a  kind  of  net- 
work by  a  number  of  bundles  of  white  fibres  running  in  various  directions. 
This  network  has  also  been  called  a  reticular  formation,  and  has  received 
the  name  of  posterior  reticular  forvvaiion  (Figs.  176,  177,  r,  /.  p.)  to  dis- 
tinguish it  from  the  lateral  reticular  formation  just  mentioned ;  the  two, 
however,  in  some  regions  (see  Fig.  174)  join  each  other,  and  thus  cut  o(f  a 
ventral  portion  of  the  posterior  horn  containing  nerve-cells  from  a  dowal 
portion,  x  in  Figs.  176,  177,  in  which  no  obvious  or  conspicuous  nerve-cells 
are  present. 

The  groups  of  cells  just  mentioned,  with  the  restrictions  and  modificatioof 
spoken  of,  occur  along  the  whole  length  of  the  cord  ;  but  the  group  of  cells 
to  which  we  must  now  call  attention  is  almost  confined  to  a  special  region  of 
the  cord,  or  at  least  is  but  leebly  represented  elsewhere.  In  the  thoracic 
region,  especially  in  the  lower  thoracic  region  (we  shall  return  to  tbe  limits 


THl    BTRDOTDBB    OF   THE    SPnTALCORD. 


G85 


of  the  ^up  later  on),  at  the  base  of  the  posterior  hnrn  (Fig.  174,  3),  just 
ventral  to  the  curve  formed  by  the  posterior  graj  commissure  as  this  beuds 


Flo.  177. 


tJ^v 


vKJrraAL  SiKTiox  or  Tins  SnxAi.  Corc.  iHrwAKi  *t  tiik  Lktcl  or  iiir  Tiiiiiii 
LcH*Aa  Ntartt.   iSiirnHiMiroN.t 


^***^  tf  tfrmwn  to  Ibc  nroe  raUe  u  Fig*.  !74.  I7&.  KDd 


ftDd  in  the  5anic  woy.  except  thnl  iht  oiUHiienf 
InienitiillAtc,  I'r".  WivfMl  butullvs  of  |iu(>ti>rloT 
TIm  rffloo  oomprlacd  iiixlor  m.t.  la  lh<t  m«rgliml  mne  of  Uawiuer'a  luniL    Tb**  other  tcttttfl 
*f''^i^noceti«llMamieMla  Klgf.  174, 170.    Thoirirccngure>.  174. 17rt.  177. ■rolntcndeO to llliMlif 


dllSktVDUal  ftatiira  or  Uiti  ccrvlml,  lliunidc.  iumI  Inmhar  cord. 


^5*^)5  ^^  j"'"  t^i^  iKMteriur  horn«  is  Heeu  un  each  side  of  liie  cord  u  cod- 
•P*Ciit»u8  group  of  cells  kuowu  us  (Harkeg  column^  or  the  posterior  Vfjuieular 
™Wniu  or  peticidar  cylinthr.     The  cells  comjxising  this  gruup,  though  vary 
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ing  iu  size  at  differeat  levels,  are  rather  large  cells,  and  are  ft) 
part  fusiform,  with  their  lung  axis  placed  lengthways  along  th 
that  in  transverse  i»ecliou8  they  often  ap{>ear  to  have  a  rather  so 
body.  They  are  surroundwl  by,  and  as  it  were  imbedded  in,  a  m 
fibres,  the  area  of  which  is  indicated  by  a  dotted  line  in  Fig.  174. 

Also  coDspicuouB  in  the  thoracic  region  is  another  group  oroeJla  lying  ofl 
the  outer  side  of  the  middle  of  the  gray  matter  at  about  tne  junctiofi  off  tKe 
anterior  and  po&terior  horns-  Thie  is  known  as  the  intemi^iMa$ermi  tnti^ 
and  is  sometimeft  called  the  laUral  horn  (Fig.  174,  4).  The  cells  cxMnposiiiif 
it  are  somewhat  small  apindle-shnped  cells  with  their  long  axb  place<l  trmsM- 
vereely.  The  group  is  conspicuous,  at  we  have  haid,  iu  lite  thoracic  rT|;ioci ; 
it  may  be  recognized  iu  the  lumbar  region  (Fig.  176,  4  i,  but  in  the  cerricat 
region  becomes  cuufused  with  the  most  dun<aUy  placed  or  latt:ral  sob-groop! 
of  the  anterior  horn.  We  shall,  however,  have  to  return  to  ihm9  groaps  or 
cells  when  we  come  to  speak  of  the  differences  between  th«  ■trtnu  rsgjoot 
i»f  the  cord. 

^068.  The  IraeU  of  white  mailer.  At  first  sight  the  wbit«  matter  of  tk« 
cord  apj>ear8  to  be  of  uniform  uature.  We  can  use  the  uenre-ronU  to  de- 
limitate the  anterior,  posterior,  and  lateral  columns,  but  we  appear  to  2um 
no  criteria  to  distinguish  parts  iu  each  column.  In  the  cervical  and  Bppv| 
thoracic  regions  of  the  cord,  a  septum  (Fig.  174,  j.)  in  the  nostcirior  oolom, 
somewhat  more  conspicuous  than  the  other  septa,  has  eoableii  anatomiaCf  to 
distinguish  an  inner  me<lian  |>ortioo.  the  median  pMtrrior  nWumpi,  oonaioaljr 
csWed  the  posteromedian  co/umn  or  rninmn  of  GoU  (Fig  174,  m.  |K.X  iHsB 
AD  outer  lateral  portiou,  the  external  pofterior  column,  commdaly  calwd  Um 
po«lero-e-xiemal  column  or  column  of  Burdarh  (Fig.  174.  r.  p.),  th«  Utcvml 
part  of  which,  nearer  the  gray  matter,  has,  for  reasons  which  w«  ahall  sta 
later  on.  been  called  the  posterior  root-tone.  Uut  beyuud  this  oeltber  tkc 
irrc^lar  septa  nor  other  features  will  enable  us  to  distiDguisli  ooe  part  or 
the  white  matter  as  different  iu  nature  from  another.  Nor  have  wc  brUtr 
•ucocsa  when  with  the  scalpel  we  attempt  to  unravel  out  the  wklta  matter 
into  separate  strands.  Nevertheless  we  have  convincing  evideocti  that  tW 
white  matter  is  arranged  in  strands,  or  tracts,  or  culuouis,  which  have  diA 
ferent  connections  at  their  re8|>ective  ends,  which  behave  dificnently  umlcr 
different  circumstances,  which  we  have  every  reason  to  beliera  carry  oot' 
different  functions,  but  which  cannot  be  separated  by  the  vcalpel,  bacaasa' 
each  of  them  is  more  or  less  mixed  with  nbres  of  a  diffen.<iit  naUiraaftd 
origin.     The  evidence  for  tlie  existence  of  these  tracts  is  twofold. 

One  kind  of  evidence  is  embryological  iu  uature.  When  a  ntrra-fibn  k 
being  formed  in  the  embryo,  either  in  the  spinal  cord  or  daswbatv,  Ika 
essential  axis-cylinder  is  formed  firiiitftnd  the  less  esaentlal  medulla  ta  fiiimaJ 
later.  Now  when  the  developmental  history  of  the  spinal  cord  as  HmtJH  ll 
is  found  that,  iu  the  several  regions  of  the  cord,  all  the  fibres  of  tlia  vhiia 
matter  do  not  put  on  the  medulla  at  the  same  time.  On  the  cootrary,  la 
certain  tracts,  the  medulla  of  the  fibres  makes  its  appearance  earlr,  in  ollniaj 
later  By  this  method  it  becomes  possible  to  distinguish  certain  iractis  frnm 
others. 

Another  kind  of  evidence  is  supplied  by  facts  relating  to  the  dq^coatatfaa 
o(  the  fibres  of  the  white  matter.     We  have  seen  ($  5B'I)  U 


tbat  the 
tion  of  a  oervcfibre  is  the  result  of  the  separation  of  the  fibre  frsa  lla 
trophic  centre,  and  that  while  the  trophic  centre  of  the  afiereet  fibres  is  ia 
the  ganglion  nn  the  {loetcrior  root,  that  of  the  etTereut  fibres  is  to  stume  pan 
of  tne  spinal  cord.  In  the  case  of  the  effVrvni  fibres  the  dcgcocratkat 
might  be  spoken  of  ua  dcAct-nding  from  the  npinal  cord  Ui  the  niasclai  Wf 
other  peripheral  organ*.     In  the  case  of  the  utTerent  fibre*  of  tlia  trunk  nf 
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the  nerve,  the  degeneration  is  also  one  descending  from  the  ganglion  down 
U)  the  skin  or  otlier  peripheral  organ.  When,  however,  the  section  is  carried 
through  the  poBterior  root  of  a  spinal  nerve,  the  degeneration  takes  place 
in  the  part  of  the  nerve  between  the  section  and  the  spinal  cord  ;  it  runs  up 
frotn  the  section  to  and  into  the  spinal  cord,  and  may,  therefore,  be  called 
an  ascending  degeneration.  Thus  we  may  say  that  when  a  nerve-trunk  or 
when  a  nerve-root  is  cut  coiiiplelely  across,  all  the  6bre8,  which  are  thereby 
separated  from  their  trophic  centres,  degenerate.  When  the  nerve-trunk  is 
divided,  all  the  fibres  below  the  section  undergo  descending  degeneration, 
ir  the  anterior  rout  bo  cut  across,  all  the  fibres  of  the  root  below  the  section 
undergo  descending  degeneration.  If  the  posterior  root  be  cut  across,  all 
the  fibres  of  the  root  above  the  section  undergo  ascending  degeneration  with 
the  exception  of  certain  fibres  which  do  not  degenerate  at  all,  and  of  which 
we  shall  speak  later  on. 

When  the  spinal  cord  is  cut  across,  for  instance  in  the  dorsal  region,  all 
the  fibres  of  the  white  matter  do  not  degenerate  either  in  the  part  of  the 
Cord  above  the  section  or  in  the  part  below.     iSome  fibres,  and  indeed  some 
trtcts  of  fibres  degenerate,  and  some  do  not.     Further,  some  tracts  degen- 
erate in  the  cord  above  the  section,  and  thus  undergo  what  has  been  called 
an  sscending  degeneration  ;  other  tracts  degenerate  in  the  cord  below  the 
•action,  and  thus  undergo  what  has  been  called  a  tlescending  degeneration. 
These  terms  must,  however,  be  used  with  caution.     When  a  nerve-trunk  is 
Out  across,  the  degeneration  actually  descends,  in  the  sense  that  the  progress 
of  the  degenerative  changes  may  be  traced  downward;  they  begin  at  the 
*^ction  and  travel  downward  at  a  rate  sufficiently  slow  to  permit  a  difference 
^>«ing  obaerve<l  between  the  progress  of  degeneration  at  a  spot  near  the  sec- 
t.1  OQ  ami  that  of  one  further  off.     Aller  section  of  or  injury  to  the  spinal  cord, 
•*  «^wever,  it  ia  not  possible  to  trace  any  such  progress  either  upward  or  down- 
^"■aml;  in  the  tracts  both  above  and  below  the  section  or  injury,  degenera- 
^•<:»n  either  begins  simultaneoualy  along  the  whole  length  of  the  degenerating 
''*"«ct,  or  progresses  alung  the  tract  so  rapidly  that  no  differences  can  be 
*^  V>eerved,  as  far  as  the  stage  of  degeneration  is  concerned,  between  parts  near 
f-o  and  those  far  from  the  section  and  injury.     When,  for  instance,  the  cord 
*^     divided  in  the  cervical  region,  8ul>sequeut  examination  of  the  tracts  of 
*'*^>-called  descending  degeneration   shows   that   the   degeneration  is  as  far 
^<ivanced  in  the  lumbar  region  far  away  from  the  section  as  in  the  cervical 
""^gion  just  below  the  section.     Applied  to  the  spinal  cord,  therefore,  the 
V^rm  descending  degeneration  means  simply  degeneration  below  the  seat  of 
injury  or  disease,  ascending  degeneration  means  simply  degeneration  above  the 
*^t  of  injury  or  disease.     We  may  add  that  the  histological  feature*  of  the 
^Regeneration  of  fibres  in  the  spinal  cord  are  not  wholly  identical  with  those 
of  the  degeneration  of  fibres  in  a  nerve  trunk.     Thus,  the  neurilemma  with 
I      its  nuclei  being  absent  from  the  fibres  of  the  cord,  no  proliferation  of  nuclei 
'       takes  place  ;  iTie  axis-cylinder  and  medulla  simply  break  up,  are  absorbed, 
and  disappear. 

Similar  degenerations,  ascending  or  descending,  or  both,  are  seen  when 
the  section  is  not  carried  right  through  the  whole  cord,  but  particular  parts 
of  the  cord  are  cut  through  or  deeply  injured.  And  similar  degenerations 
occur  as  the  consequences  of  disease  set  up  in  parts  of  the  cord. 

In  this  way  the  results  of  sections  of  or  of  other  injuries  to  or  of  diseases 
of  the  spinal  cord,  have  enabled  us  to  mark  out  certain  tracts  of  the  while 
njatter  as  undergoing  degeneration  and  others  as  not,  and,  moreover,  certain 
tracta  as  undergi'ing  descending  and  others  as  undergoing  ascending  degen- 
eration. Further,  the  delimitation  of  tracts  of  white  matter  by  the  process 
^  uf  degeneration  agrees  so  well  with  the  results  of  the  embryological  method 
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as  to  leave  no  doubt  that  the  wbit€  matter  does  ccm«ist  of  tracts  whidi  cli 
from  each  other  id  nature  and  in  function. 

The  several  tracts  thus  iDdicated  vary  in  ditterent  rogiona  of  Um  oonL 
They  may  be  broadly  deacribed  aa  follows: 

I.  Descending  trade,  that  ifl  to  aay,  tracta  which  undergo  a  cliai'iiljng 
degeneratit)u  iu  the  sense  noted  above. 

The  roost  important  and  conBincuous  is  a  large  tract  (Fiz.  1~M,  er.P.) 
occupying  the  posterior  part  of  the  lateral  oolunio,  coniiog  close  opoo  Um 
outer  margin  ot  the  posterior  horn,  and  for  the  mont  pnrt  not  rettchimy  ihis 
suriace  of  the  cord.  We  shall  have  to  return  ti>  this  tract  more 
and  may  here  simply  say  that  it  is  most  distinctly  marked  out  b/  boili 
embryologica]  ana  the  degeneration  methcnls,  that  il  may  be  traced 
the  whole  length  of  the  cord  from  the  top  of  the  cervical  region  to  iba 
of  the  sacral  region,  and  that  it  enters  the  cord  from  the  brain  ibrma^ 
structures  called  the  pyramids  of  the  bulb,  which  we  Bhall  study  latar 
These  pyramids  cross  over  or  decussate  as  they  are  nhout  to  paas  iaio 
cord,  forming  what  is  known  as  the  decussation  of  the  pyramtcla, : 
tract  of  fibres  in  question  shares  in  this  decussation.  IlMioa  thia 
called  the  crossed  pyramidal  trad  or  more  simply  the  pyramidal 


r\<i.  ^^ 


t.aJ 


t>i*tkikAM  r»  lLi4yTftATt  niK  ossmuL  AnitAxaRicea  ot  rm  Bktcral  TkACT»  or  Whits  U^^^ 

tSt  TUB  flnitAl.  CVKti.     iSllXKSntOTOft.) 

Tho  Mrtlnii  la  lakan  •!  Uw  Iot««I  nf  tho  flflh  oerrtoal  o«rT«.    Tin  relatloQa  <if  Um  I 
rpflnnnoi 

Tlid  a*o  htis  d«v*n*nitlon,  Art  ■faMM  with  don.  Um 

trmru,  ttati'  ■••  tire«Ii«d«d  wllii  Hmb,  lb«*bMUaclo«aca«Mi 

■Me  of  Ui*  conl,  only  ■ '  tMtliig  i4u«U  im  the  olb*r  sld*. 

or.r.  cfv>»*»-it    Infill'  It'  ■iMVtlr.  pyniitiitai   imoi    d  I'   diw 

ktuwt«^  nti  -ri  wtilcti  rrV.  U*UaAt^]                                       i»t«  ttk*  AflMM 

Uifl  two«<  '  i*r  irapi:  •  Ir  Azid  rr   u-.  ■  )h«  mwIUm  |arii 

(moi  or  tntH  U  Cihtv  vt  ihi>  t<ukt«rM>r  roots,  er.  rcpnaeaUnie,  ^  ui  AA.|4*ia«iX  mow  tbOy  la  tki  < 

tbii  fwrrlnal  and  a  Ir    tliM  Mrnhl,  tiitnlMr,  aiwl  Aonm}  na>U;  a«c  «,L  lb*«titfr»WI*ml  < 

dvcl.  tbr  ••  <ti  il«w«n()lnf  iriM-t.    'ruesjn».iwl^Adtd.aiftrk*dz.liiaa< 

tmet  ur  nii^  -uiiunct]  tti  the  text  wuliMnrcil  Uicsrutii  rt«luaic4  Itw «a«4. te  Ikt  i 

pnatorlnn^'o.mii  ...      1  Im  •ouU  miui  at  Uio  llpoftb*  |tt«l*rk*r  born.  tiMrkfl4  l«lsdi«|i^n 
final  aou«  of  LUntavr*!  aoo«. 

A  stiiallcr.  less  couspicuoua  descending  tract  ooc^i pies  the  me<thui 
of  the  anterior  coluiuu  (Fig.  178,  dJ*.;.     This  is  not  only  much 
als4>  much  more  variable  than  the  crossed  pyramidal  tract.  Is  0*4 
the  lower  animals,  being  found  in  man  and  the  monkey  •'"^^-  '«*^'^  bng 
develofHMl  iu  man  than  iu  the  monkey^  and  reaches  a  <-<  .-  oaIt  ••«• 

the  spinal  cord,  guovnilly  eumiug  to  au  end  in  the  tboram    (vj^ius.    ll«  %m^ 
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conies  down  from  the  pyramid,  and  is  a  continuation  of  that  part  of  the 
pyratnid  which,  uulike  the  re^t,  does  not  decussate  in  the  hulh;  thus  the 
Irat't  which  (^omin^^  down  from  the  left;  side  of  the  brain  runs  in  the  letl 
pyramid  in  the  bulb,  passes  down  into  the  left  anterior  column  of  the  cord. 
Htiice  this  smaller  tract  is  called  the  direct  pyramidal  tract. 

These  two  are  the  most  conspicuous  and  important  descendiDg  tracts,  but 
names  have  been  given  to  two  other  descending  tracts.     One,  known  as  the 
antero-iatcral  descending  inici,  is  a  large  tract  placed  in  the  an tcro- lateral 
column,  and  seen  in  section  (Fig.  178,  desc.  1.)  as  an  elongated  area  stretch- 
ing from  the  pyramidal  tract  toward  the  anterior  column  and  reaching  at 
fimes  as  far  as  the  anterior  fissure.     The  area  is  large,  however,  because  the 
tract  is  very  diffuse,  that  is  to  say.  the  fibres  with  descending  degeneration, 
Of  Hbres  which   degenerate  below  the  section  or  injury,  are  very  largely 
mixed  up  with  fibres  which  do  not  degenerate ;  in  this  respect  this  tract  con- 
trasts with  the  pyramidal  tract,  which  is  to  a  much  greater  extent  composed 
oi*  fibres  with  descending  degeneration,  though  even  in  it  there  are  a  consider- 
Ck.l)le  number  of  fibres  which  do  mA  degenerate.     Indeed,  this  ant«ro-lateral 
descending  tract  is  so  diffuse  that  it  liardly  deserves  to  be  called  a  tract. 

The  other  iii  a  small,  narrow,  comma-shaped  tract  (Fig.  178.  x),  situated 
BKa  the  middle  of  the  external  posterior  column  which  has  been  observed  in 
drae  cervical  and  u])per  thoracic  regions,  and  has  been  calle<l  the  *' descend- 
■  XAg  comma  tract.  But  the  degeneration  reaches  a  short  way  t)nly  below 
^be  section  or  injury,  and  the  group  of  lihres  thus  degenerating  can  hardly 
t>^  considered  as  forming  a  tract  comparable  to  the  other  tracts.  The  area 
f>«robably  represents  fibres  of  the  posterior  root  which  take  a  de^cendlmj  course 
»<x>n  after  their  entrance  into  the  cord. 

II.  Ascending  iracig^  that  is  to  say,  tracts  in  which  the  degeneratioa  takes 
f>lace  above  the  section  or  injury. 

A  conspicuous  ascending  tract  of  a  curved  shape  (Fig.  17S,  C.b.)  occu- 
pies the  outer  dorsal  part  of  the  lateral  column  lying  to  the  outside  of  the 
c«-«3a8ed  pyramidal  tract,  between  it  and  the  surface  of  the  cord.  It  appears 
^*->  begin  in  the  upper  lumbar  region,  being  said  to  be  absent  from  the  lower 
^*-*  cnbar  and  sacral  cord,  and  may  be  traced  upward  increasing  in  size  through 
^**^  thoracic  and  cervical  cord  to  the  bulb.  In  the  bulb  it  may  be  traced 
'■^  tu  the  reatiform  body  or  inferior  peduncle  of  the  cerebellum,  and  so  to  the 
p^*^bellum;  for  the  restiform  body  serves,  as  we  shall  see,  in  each  lateral 
"^^If  of  the  brain,  aa  the  main  connection  of  the  cerebellum  with  the  bulb 
**»^  spinal  px>rd.     Hence  this  tract  is  calleti  the  cerehellur  tract. 

-A  second  imp*utant  ascending  tract  occupies  the  median  portion  of  the 
IJ*-**sterior  columns  (Fig.  178,  cr.,  s.lr),  and  so  far  coincides  with  what  we 
***^scribod  above  as  the  median  posterior  column,  in  the  upper  regions  (tf  the 
*^*^»"d.  that  it  may  be  ctdled  the  median  poderior  tract:  it  extends  aloug  the 
'^Oole  length  of  the  spinal  cord,  varying  at  different  levels  in  a  manner 
^■»icb  we  shall  presently  study,  and  ending  above  in  the  bulb. 

-A  third  ascending  tract,  called  the  ascending  anteru- lateral  tracts  or  tract  of 

^ovrers,  occupies  (Fig.  178,  asc.  a.  I.)  the  outer  ventral  part  of  the  lateral 

fl^^Umn.     It  has  somewhat  the  form  of  a  comma,  with  the  head  filling  up  the 

•**^le  left  between  projecting  (lortions  of  the  c«rel>ellar  and  pyramidal  tracts, 

*^«1  the  tail  stretching  away  ventrally  along  the  outer  margin  of  the  lateral 

^^Itimu  outside  the  antem-lateral  descending  column,  the  end  of  the  tail  often 

'^Hching  to  the  anterior  roots.     It  may  be  traced  along  the  whole  length  of 

^"e  cord,  but  it  is  not  so  distinct  and  compact  a  tract  as  the  two  ascending 

^^''^^^ts  ju?t  mentioned  ;  the  fibres  with  ascending  degeneration,  that  is  to  say, 

the  fibre*  degenerating  ab<»ve  the  section  or  seat  of  injury,  are  very  largely 

J">Xed  with  fibres  of  a  ditierent  nature  and  origin. 
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ing  in  Bize  at  different  levels,  are  rather  large  cells,  and  arc  for  the  most 
part  ibsiform,  with  their  long  axis  placed  lengthways  along  the  cord,  so 
that  in  transverse  sectious  they  often  appear  tu  have  a  rather  amall  round 
hody.  They  are  surrouDded  by,  and  as  it  were  imbedded  io,  a  mass  of  Bne 
fibres,  the  area  of  which  is  indicated  by  a  dotted  line  in  Fig.  174. 

Also  conspicuous  in  the  thoracic  region  is  another  group  of  celts  lying  on 
the  outer  side  of  the  middle  of  the  gray  matter  at  about  the  junction  of  the 
anterior  and  posterior  horns.  This  is  known  as  the  intennedio- lateral  tract, 
and  is  sometimes  called  the  lateral  horn  (Fig.  174,  4).  The  cells  composing 
it  are  somewhat  email  spindle-shaped  cells  with  their  long  axis  placed  trans- 
versely. The  group  is  conspicuous,  as  we  have  said,  in  the  thoracic  region  ; 
it  may  be  recognized  in  the  Itinibar  region  (Fig,  176,  4),  but  in  the  cervical 
region  becomes  confused  with  the  moat  doraally  placc<]  or  lateral  sub-group 
of  the  anterior  horn.  We  shall,  however,  have  to  return  to  these  groups  of 
cells  when  we  come  to  speak  of  the  ditlureuces  between  the  several  regions 
of  the  cord. 

1^668.  The  iract^  of  tvhite  inatter.  At  first  sight  the  white  matter  of  the 
cord  appears  U*  be  of  uniform  nature.  We  can  use  the  nerve-roots  to  »ie- 
limitate  the  anterior,  posterior,  and  lateral  columns,  but  we  appear  to  have 
no  criteria  to  disLinguish  parts  in  each  cotumn.  In  the  cervical  and  upper 
thoracic  regions  of  the  cord,  a  septum  (Fig.  174,  s.)  m  the  posterior  column, 
somewhat  more  consjiicuous  than  the  other  septa,  has  enabled  anatomists  to 
distinguish  an  inner  median  portion,  the  median  poaicrior  column^  commonly 
called  the  posiero-mtdian  column  or  column  of  Goll  (Fig.  174,  m.  j?."),  fmm 
an  outer  lateral  [jortiim,  the  exle-niai  posterior  column^  commonly  called  the 
postero-extemal  c/ilumn  or  column  of  Burdaeh  (Fig.  174,  c.  p.)^  the  lateral 
part  of  which,  nearer  the  gray  matter,  has,  for  reasons  which  we  shall  see 
later  on,  been  called  the  posterior  root-zone.  But  beyond  this  neither  the 
irregular  septa  nor  other  features  will  enable  us  to  distinguish  one  part  of 
the  white  matter  as  different  in  nature  irom  another.  Nor  have  we  better 
success  when  with  the  scalpel  we  attempt  to  unravel  out  the  white  matter 
into  separate  strands.  Nevertheless  we  have  convincing  evidence  that  the 
white  matter  is  arranged  in  strands,  or  tracts,  or  columns,  which  have  dif- 
ferent connections  at  their  respective  ends,  which  behave  difierently  under 
different  circumstances,  which  we  have  every  reason  to  believe  carry  out 
different  functions,  but  which  cannot  be  separated  by  the  scalpel,  because 
each  ol'  them  is  more  or  less  mixed  with  fibres  of  a  difiereut  nature  and 
origin.     The  evidence  for  the  existence  of  these  tracts  is  twofold. 

One  kind  of  evidence  is  embryological  in  nature.  When  a  nerve-fibre  is 
being  formed  in  the  embryo,  either  in  the  spinal  cord  or  elsewhere,  the 
essential  axis-cylinder  is  formed  first  and  the  less  essential  medulla  is  formed 
later.  Now  when  the  developmental  history  of  the  spinal  cord  is  stu<lied  it 
is  found  that,  in  the  several  regions  of  the  cord,  all  the  fibres  of  the  white 
matter  do  not  put  on  the  medulla  at  the  same  time.  On  the  contrary,  in 
certain  tracts,  the  medulla  of  the  fibres  makes  its  appearance  early,  in  others 
later.  By  this  method  it  becomes  possible  to  distinguish  certain  tracts  from 
others. 

Another  kind  of  evidence  is  supplied  by  facts  relating  to  the  degeneration 
of  the  fibres  of  the  white  matter.  We  have  seen  (§  562)  that  the  degenera- 
tion of  a  nerve-fibre  is  the  result  of  the  separation  of  the  fibre  from  its 
trophic  centre,  and  that  while  the  trophic  centre  of  the  afferent  fibres  is  in 
the  ganglion  on  the  posterior  rut)t,  that  of  the  efferent  fibres  is  in  some  part 
of  the  spinal  cord.  In  the  case  of  the  efferent  fibres  the  degeneration 
might  be  spoken  of  as  dejtcetidintf  from  the  spinal  cord  to  the  muscles  or 
other  peripheral  organs.     In  the  case  of  the  afferent  fibres  of  the  trunk  of 
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the  nerve,  the  degeneration  is  also  one  descending  from  the  ganglion  down 

Itj  the  skin  or  other  peripheral  organ.     When,  however,  the  section  is  carried 

through  the  poeterior  root  of  a  spinal  nerve,  the  degeneration  takes  place 

in  the  part  of  the  nerve  between  the  section  and  the  apinal  cord  ;  it  runs  up 

from  the  section  to  and  into  the  spinal   cord,  am]   may,  therefore,  be  called 

an  (ucefidiiig  degeneration.     Thus  we  may  say  that  when  a  nerve-trunk  or 

when  a  nerve-root  is  cut  completely  across,  all  the  fibres,  which  are  thereby 

separated  from  their  trophic  centres,  degenerate.     When  the  nerve-trunk  is 

divided,  all  the  fibres  below  the  section  undergo  descending  degeneration. 

If  the  anterior  root  be  cut  across,  all  the  fibres  of  the  root  below  the  section 

undergo  descending  degeneration.     If  the  posterior  root  be  cut  across,  ail 

the  fibres  of  the  root  aluwe  the  section  undergo  ascending  degeneration  with 

the  exception  of  certain  fibres  which  do  not  degenerate  at  all,  and  of  which 

we  shall  speak  later  on. 

When  the  spinal  cord  is  cut  across,  for  instance  in  the  dorsal  region,  all 
the  fibres  of  tlie  white  matter  do  not  degenerate  either  in  the  part  of  the 
cord  above  the  section  or  in  the  part  below.  Some  fibres,  and  indeed  some 
tracts  of  fibres  degenerate,  and  some  do  not.  Further,  some  tracts  degen- 
erate in  the  cord  above  the  section,  and  thus  undergo  what  has  been  called 
ao  ascending  degeneration  ;  other  tracts  degenerate  in  the  cord  below  the 
•Mtion,  and  thus  undergo  what  haa  been  called  a  dcacending  degeneration. 
These  terms  must,  however,  be  used  with  caution.  When  a  nerve-trunk  is 
cut  across,  the  degeneration  actually  descends,  in  the  sense  that  the  progress 
of  the  degenerative  changes  may  ne  traced  downward ;  they  begin  at  the 
■ection  and  travel  downward  at  a  rate  sufficiently  slow  to  permit  a  difierence 
being  observed  between  the  progress  of  degeneration  at  a  spr^t  near  the  sec- 
tioo  and  that  of  one  furtheroflf.  After  section  of  or  injury  to  the  spinal  cord, 
however,  it  is  not  possible  to  trace  any  such  progress  either  upward  or  down- 
*anl;  in  the  tract*  both  above  and  below  the  section  or  injury,  degenera- 
tHo  either  begins  simultaueoualy  along  the  whole  length  Kit'  the  degenerating 
^rAct,  or  progresses  along  the  tract  so  rapidly  that  no  diiferences  can  be 
'>beerved,  as  tar  as  the  stage  of  degeneration  is  concerned,  between  partii  near 
to  and  those  far  from  the  section  and  injury.  When,  for  instance,  the  cord 
>i  divide<l  in  the  cervical  region,  subsequent  examination  of  the  tracts  of 
iocalied  descending  degeneration  shows  that  the  degeneration  is  as  far 
idvanced  in  the  lumbar  region  far  away  from  the  section  us  in  the  cervical 
rvgion  just  below  the  section.  Applied  to  the  spinal  cord,  therefore,  the 
ferm  descending  degeneration  means  simply  degeneration  below  the  seat  of 
uijury  or  disease,  ascending  degeneration  means  simply  degeneration  above  the 
•tat  of  injury  or  disease.  We  may  add  that  the  histological  features  of  the 
<{i^neration  of  fibres  in  the  spinal  cord  are  not  wholly  identical  with  those 
y"  the  degeneration  of  fibres  in  a  nerve-trunk.  Thus,  the  neurilemma  with 
'^  nuclei  being  absent  from  the  fibres  of  the  cord,  no  proliferation  of  nuclei 
'ftkes  place  ;  the  axia-cylinder  and  medulla  simply  break  up,  are  absorbed, 
■i^d  disappear. 

Similar  degenerations,  ascending  or  descending,  or  both,  are  seen  when 
^ewctiuo  is  not  carrie<i  right  through  the  whole  cord,  but  particular  parta 
^^  the  cord  are  cut  through  or  deeply  injured.  And  similar  degenerationa 
^^our  as  the  consequences  of  disease  set  up  in  parts  of  the  cord. 

In  this  way  the  results  of  sections  of  or  of  other  injuries  to  or  of  diseases 
^^  the  spinal  cord,  have  enabled  us  to  mark  nut  certain  tracts  of  the  white 
'^^'tter  as  undergoing  degeneration  and  others  as  not,  and,  moreover,  certain 
^^'^^-cls  as  undergoing  descending  and  oihere  as  undergoing  ascending  degen- 
^•"^fclion.  Further,  the  delimitation  of  tracts  of  white  matter  by  the  procefis 
**^    degeneration  agrees  so  well  with  the  results  of  the  embryological  method 
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as  to  leave  no  doubt  tbtit  the  white  matter  does  consiat  of  tractB  which  differ 
from  each  other  in  uuturo  and  iii  fuuctioii. 

The  several  tracts  thus  iudicated  vary  in  different  regions  of  the  cord. 
They  may  be  broadly  deacribed  as  Ibllows; 

I.  Descending  tracts,  that  is  to  say,  tracts  which  undergo  a  descending 
degeueratioD  in  the  sense  noted  above. 

The  most  important  and  conapicuous  ia  a  large  tract  (Fig.  178,  cr.P.) 
occupying  the  posterior  part  of  the  lateral  column,  coming  close  upon  the 
outer  margin  of  the  posterior  horn,  and  for  the  most  part  not  reaching  the 
surface  of  the  cord.  We  shall  have  to  return  to  this  tract  more  than  once, 
and  may  here  simply  say  that  it  is  most  distinctly  marked  out  by  both  the 
erabryulogical  and  the  degeneration  methrxla,  that  it  may  be  traced  along 
the  whole  length  uf  the  cord  from  the  top  of  the  cervical  region  to  the  end 
uf  the  sacrul  region,  and  that  it  outers  the  cord  from  the  brain  through  the 
structures  called  the  pyramids  of  the  bulb,  which  we  shall  study  later  on. 
These  pyramids  cross  over  or  decusjiate  as  they  are  about  to  pass  into  the 
cord,  forming  what  is  known  as  the  decussation  of  the  pyramids,  and  the 
tract  of  fibres  in  question  shares  in  this  decussation.  Hence  this  tract  is 
called  the  croased  piframidal  trad  or  more  simply  the  pyramidal  trad. 


FIG.  178. 


DlAdRAJCTO  iLLtlBTlUTK  TBI  OZMESAt.  AKUANGUIKNT  OT  TRS  BEVEKAL  TRACTS  OP  U'RITE  MaTTEM 
IN  THE  Sri.VAJ.  Cord.     tSHSBKdOTOK.J 

The  AecUon  Is  taken  at  the  level  nf  tbe  fifth  cerrical  nervo.  The  relaUon*  of  the  tmcta  In  dlfltofrot 
re^oDfi  of  the  cord  are  shown  in  Fiff.  1K2. 

The  asccndlUK  trnrt»,  irHctfl  of  uieendlng  dtiguneratlot],  are  ehailed  with  dots.  Cho  devceodlof 
traelA,  tnictauf  de*i.v.-iiding  ilpg&nemLlnn.arefthadpd  wKh  lines,  ihtistiAtliiif  Incacb  ouo  tnit  oo  aQ% 
side  of  the  uord,  only  the  rtrurcnce  IcUcre  being  |tlacc-<l  on  tht  other sldv. 

or.P.  crossed  pyratnMiiL  tract,  or  mure  sliortly,  pyramidal  tract:  d.P.  direct  pyrmiiilcU]  imci 
tbaded  on  the  (title  oppoiKc  (o  that  on  whicli  cr.r.  Is  shaded.  In  order  to  Indicate  the  diS^imo*  of 
Uio  two  an  tn  crrwRltig;  C.b.  ccnibctlar  tract;  s.lr.  and  or.  tngethcr  iDdleatc  the  me^lian  ]<»terfMr. 
tract  or  tmd  uf  fibrcii  of  the  poelerior  roots,  cr.  Teproaentlng,  09  Is  explalnod  more  Ailty  In  the  text, 
the  cerrlcal  and  s.lr.  the  sncml,  hirobar.tind  dor^<al  roots;  asc  a.l.  tbeanturotatcml  afc«ndla^  timet  i 
dcac.l.  the  antcro-lateml  deitceudlng  tract.  TbQ  area,  not  sbadi<d,  marked  x.  is  the  imall  deaoendlng 
tract  or  rather  pMtch  mcntluuvil  in  the  text  hb  ubsonreil  incurtuiu  reKkniflci  tbe  oord.  to  the  external 
poiterlor  column  r.x.  The  small  area  at  the  ll  p  of  the  iMMterinr  horn ,  marked  I*,  Is  the  posterior  mar- 
Ktnal  lODO  of  Llssaucr's  zone. 

A  smaller,  less  conspicuous  descending  tract  occupies  the  median  porti 
of  the  anterior  column  (Fig.  178,  d.P.).  This  is  not  only  much  smaller  bii 
also  much  more  variable  than  the  crossed  pyramidal  tract,  is  not  present  i> 
the  lower  animals,  being  found  in  man  and  the  monkey  only  and  being  h 
developed  in  man  than  in  the  monkey,  and  reaches  a  certain  way  only  do 
the  spinal  cord,  generally  coming  to  an  end  in  the  thoracic  region.     It 
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ml  ie  a  continuation  of  that  part  of  the 
ich*  unlike  the  re«t,  ikres  not  deeiissiite  in  the  bulb;  thus  the 
tisct  wbicii  coming  duwu  irotn  the  left  Bido  of  the  braiu  runs  iti  the  left 
pTrainid  in  the  bulb,  passes  down  into  the  left  anterior  column  of  the  cord. 
Uenoe  this  smaller  tract  is  called  tlie  direct  pyramidal  irad. 

These  two  are  the  raoat  conspicuous  and  important  descending  tractd,  but 
names  have  been  given  to  two  other  descending  tract*.     One,  known  ufi  the 
(uUero-lalcral  descetidiug  tract,  is  a  large  tr&ci  placed  in  the  an tero- lateral 
oolojun,  and  seen  in  section  (Fig.  178,  desc.  1.)  as  an  elongated  urea  stretch- 
iog  from  the  pyramidal  tract  toward  the  anterior  column  and  reaching  at 
times  as  far  as  the  anterior  fissure.     The  area  in  large,  however,  because  the 
Iwcl  ia  very  diffuse,  that  is  to  say,  the  fibres  with  descending  degeneration, 
or  fibres  which   degenerate  below  the  section  or  injury,  are  very  largely 
mixed  up  with  fibres  which  do  not  degenerate ;  in  thia  respect  this  tract  con- 
trasts with  the  pyramidal  tract,  which  in  to  a  much  greater  extent  composed 
of  6hrc8  with  descending  degenenition,  though  even  in  it  there  are  a  consider- 
sWe  nunil)er  of  fibres  which  do  ma  degenerate,     Indeed,  this  antero-Iateral 
descending  tract  is  so  diffuse  that  it  hardly  deserves  to  be  called  a  tract. 

The  other  is  a  small,  narrow,  comma-ishaped  tract  (Fig.  178,  x),  situated 
io  the  middle  of  the  external  posterior  column  whiirh  ha^  been  ol)8erved  in 
the  cervical  and  upper  thoracic  regions,  iuhI  has  Ijieen  called  the  "  descend- 
ing comma  tract.  But  the  degeneration  retiches  a  short  way  only  below 
theaeotion  or  injury,  and  the  group  of  fibres  thus  degenerating  can  hardly 
be  considered  as  forming  a  tract  comparable  to  the  other  tracts.  The  area 
probably  represent*  fibres  ai'  the  i)osterior  root  which  take  a  de^ceadlny  course 
*>oii  atler  their  entrance  into  the  cord. 

II.  Ascending  tracts,  that  is  to  say,  tracts  in  which  the  degeneration  takes 
place  above  the  section  or  injury. 

A  Conspicuous  ascending  tract  of  a  curved  shape  (Fig.  178,  Cb.)  occu- 
pies the  outer  dorsal  part  ^jf  the  lateral  column  lying  Ui  the  outside  of  the 
croesed  pyramidal  tract,  between  it  and  the  surface  of  the  cunl.  It  apjmars 
to  begin  in  the  up|)er  lumbar  region,  being  said  to  be  absent  from  the  lower 
lumbar  and  sacral  cord,  and  may  he  traced  upward  increiising  in  size  through 
the  thoracic  and  cervical  cord  to  the  bulb.  In  the  bulb  it  may  be  traced 
'iJi'j  the  restiform  body  or  iuferiur  [leduucle  nf  the  cerebellum,  and  so  to  the 
cm'hellum  ;  for  the  restiforra  body  serves,  as  we  shall  see,  in  each  lateral 
half  of  the  brain,  as  the  main  connection  of  the  cerebellum  with  the  bulb 
tail  spinal  cord.     Hence  this  tract  is  called  the  cerebellar  iratt. 

A  SAOond  important  ascending  tract  occupies  the  median  portion  of  the 
porterior  columns  (Fig.  178,  cr.,  s.lr.),  ami  so  far  coincides  with  what  we 
'Wril)e<l  above  as  the  median  posterior  column,  in  the  upj>er  regions  of  the 
cord,  that  it  may  be  calleil  the  imcdiuii  jHmterior  tract;  it  extends  along  the 
•bole  length  of  the  spinal  cord,  varying  at  different  levels  in  a  manner 
*hich  we  shall  presently  study,  and  ending  above  in  the  bulb. 

A  third  jiscemliug  tract,  called  the  itseending  antero- lateral  tracts  or  tract  of 
'Jowers,  occupies  (Fig.  178,  asc.  a.  1.)  the  outer  ventral  part  of  the  lateral 
'■'iluTnD.  It  bus  somewhat  the  form  of  a  comma,  with  the  head  tilling  up  the 
*iiKle  left  between  [trojecting  portions  of  the  ^'crobetlar  and  pyramidal  tracts, 
*"^  iho  tail  stretching  away  ventrally  along  the  outer  margin  of  the  lateral 
*^'jlumu  outside  the  antero-Iateral  descending  column,  the  end  of  the  tail  otVeu 
"ai<.'hing  to  the  anterior  roots.  It  may  be  traced  along  the  whole  length  of 
^e  cord,  but  it  is  not  so  distinct  and  compact  a  tract  as  the  two  ascending 
^'■cte  just  mentioned  :  the  fibres  with  ascending  degeneration,  that  is  to  sav* 
^  fibres  degenerating  above  the  section  or  seat  of  injury,  are  very  largely 
ttuxed  with  fibres  of  a  different  nature  and  origin. 
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We  may  further  remark  that  these  several  tracts  diflfer  from  each  other, 
in  Bome  cases  markedly^  as  to  the  diameter  of  their  constituent  fibres.  Thus 
the  cerebellar  tract  is  composed  nlmost  exclusively  of  remarkably  coar»e 
fibres.  The  median  jiosterior  tract,  ou  the  c*)ntrnry,  is  made  up  of  fine  fibres 
of  very  efjuable  size,  while  the  fibres  of  the  antero- lateral  ascending  tract 
are  of  a  siite  intermediate  between  the  other  two.  The  pyramidal  tract,  on 
the  other  band,  is  made  up  of  fibres  of  almost  all  sizes  mixed  together. 

The  tracts  then  which  are  thus  marked  out  are,  as  descending  tracta.  the 
crossed  and  the  direct  pyramidal  tracts,  with  the  leee  distinct  or  important 
antero-latcral  descending  tract ;  and,  as  ascending  tracts,  the  cerebellar  tract, 
the  median  posterior  tract,  and  the  less  distinct  antero-Iateral  ascending 
tract.  If  we  suppoge  all  these  tracts  taken  away  there  is  still  left  a  consider- 
able area  of  white  matter,  namely,  nearly  the  whole  of  the  external  poeterior 
column,  the  external  anterior  coUinin,  including  the  region  traversed  by  the 
bundles  of  the  anterior  roots,  and  tbni  part  of  the  lateral  column  which  lies 
between  the  antero- lateral  descending  tract  and  the  crossed  pyramidal  tract 
on  the  outside  and  the  gray  matter  on  the  inside.  From  this  area  of  white 
matter  we  may  put  on  one  side  at  present  the  external  posterior  column 
because^  as  we  shall  see,  this  column  is  largely  composed  of  the  fibre*  of 
the  pt^terior  root  wliich  pass  throtigh  tins  column,  especially  through  the 
lateral  part  of  it  near  the  gray  matter,  on  their  way  to  their  ultimate  desti- 
nation ;  hence  the  alternative  name  of  posterior  root*zone.  We  may  simi- 
larly leave  for  the  present  the  small  zone  of  white  matter  coropoeed  of  very 
fine  fibres  known  as  ike  posterior  viarginal  zone  or  Lissauer's  zone  (Fig.  178, 
L.),  lying  dorsal  to  the  tip  of  the  posterior  horn  and  in  the  lower  regions 
reaching  to  the  outside  of  the  cord  ;  for  this,  too,  belongs  to  the  fibres  of  the 
piBterinr  root.  Leaving  these  parts  out  of  considcJHtioii  we  may  say  as 
regards  the  rest  of  the  white  matter,  that  the  present  state  of  our  knowledge 
will  not  allow  us  to  dtviile  it  into  special  tracts.  All  this  area  is  largely 
C(>mpo?ed  of  fibres  which  ilo  not  undergo  either  ascending  or  descending 
degeneration  as  the  result  of  section,  injury,  or  disease.  It  has  been  sug- 
gested that  these  fibres  cither  have  no  trophic  centre  at  all  or  have  double 
ones,  one  above  and  one  below,  on  either  of  which  they  can  in  case  of  need 
lean ;  so  that  when  the  fibre  is  divided  at  any  level,  the  up])er  portion  is  still 
nouriHhcd  fnmi  some  centre  above,  and  the  lower  from  some  centre  below. 
At  all  events,  whether  this  be  the  Irne  explanation  or  no,  the  fibres  in  this 
part  of  the  white  matter  cannot  be  ditferentiated  into  tracta  by  a  study  of 
their  degeneration.  Fibres  of  this  kind,  which  we  can  speak  of  neither  as 
ascending  nor  as  descending,  als^i  occur  in  the  external  posterior  column 
mingled  with  the  fibres  of  the  posterior  root.  And  we  may  repeat  the  cau- 
tion, that  even  in  the  several  ascending  and  descending  tracts  just  described, 
especially  in  thoee  which  we  spoke  of  as  less  distinct  or  as  more  diflTuse,  many 
fibres  are  present  which  undergo  neither  ascending  nor  descending  degen- 
enition. 

§  569.  It  may  be  as  well  perhaps  to  insist  here  once  more,  that  when  these 
several  tracts  or  the  fibres  running  in  the  tracts  are  spoken  of  as  ascending 
or  descending,  what  is  meant  ia  that  the  degeneration  takes  place  alxjve  the 
section  or  seat  of  injury  or  disease  in  the  one  case,  and  takes  place  below  in 
the  other.  It  has  been  sup|x>sed  by  many  that  the  nervous  impulses  which 
these  fibres  severally  carry,  travel  in  the  same  direction  as  that  taken  by  the 
degeneration,  that  the  ascending  tracts  carry  impulses  from  beh)w  upward, 
that  is  to  say,  carry  impulses  which  arising  from  periphexal  organs  paas  to 
various  parts  of  the  spinal  cord  or  of  the  brain,  that  they  are,  in  other  words» 
channels  of  afiereut  impulses,  and  that  conversely  the  descending  tracts  carry 
efferent  impulses.     To  this  view  is  often  added  as  a  corollary»  that  the  tracts 
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wliich  do  not  degenerate  at  all  carry  tmpulsea  both  wa3'S,  and  hence  cannot 
Ik*  coiisideretl  as  either  afferent  or  oircreitt  channels,  but  Bimply  aw  communi- 
cating channels.  Upon  this  it  may  be  remarked  that  impiilsoa  do  not  neces- 
sarily travel  in  the  same  direction  as  the  degeneraliift* ;  when  a  spinal  nerve- 
trnnk  ia  divided  the  oHerent  fibres  aa  well  b&  the  eHlTcut  fibrea  both  degen- 
erate in  a  descending  direction  toward  the  periphery,  though  the  former  carry 
impulses  in  the  other  direction.     Hence  the  direction  of  degeneration  is  no 

iroof  of  the  direction  in  which  inipulftea  travel ;  moreover,  as  we  have  seen, 

lef^eneration  does  not  actually  travel  along  the  fibrea  of  the  spinal  cord  in 
the  same  way  that  it  doej^  along  the  tlbrefl  of  a  nerve-trunk.  It  may  be  that 
the  descending  tracts  do  carry  impulses  in  a  descending  direction,  that  is, 
efferent  inipubee,  and  that  the  a^ceiuliug  tracta  serve  to  carry  afferent  im- 
pulses;  but  the  proof  that  they  do  thu3  respectively  act  must  be  supplied 
irora  other  facts  than  those  of  degeneration.  Moreover,  we  shall  have  to 
return  to  these  usrending  and  descending  tracts  and  to  study  their  behavior 

ilong  the  length  of  the  cord  before  we  can  use  the  facta  concerning  them  as 
basis  for  any  discussion  as  to  their  fuocLions. 

li  570.   7Vi/  connections  of  the  nerve-roots.     If  we  regard  the  spinal  cord, 
and  apparently  we  have  right  to  do  so,  as  resulting  from  the  fusion  of  a  series 
segments  or  metaraeres,  each  segment,  represented  by  a  pair  of  spinal 

kerves,  being  a  ganglionic  mass,  that  is  to  say,  a  mass  containing  nervecellfi 
•ilh  which  nerve-fibres  are  connected,  we  should  expect  to  tind  that  the 

ibres  of  a  spinal  nerve  soon  after  entering  in,  nr  before  issuing  from  the 
dnal  cord  are  connected  with  nerve-cells  lying  in  the  neighborhood  of  the 
attachment  of  the  nerve  to  the  cord.  We  shtmld,  we  say,  expect  to  find 
ihis  ;  but  owing  to  the  difficulty  of  tracing  individual  nerve-fihres  through 
the  tangle<i  mass  of  the  substance  of  the  cord,  our  actual  knowledge  of  the 
termination  of  the  fibres  of  the  posterior  root,  and  origin  of  the  libra*)  of  the 
anterior  root  is  at  pretient  far  from  ct>raptete. 

With  regard  to  the  anterior  root.,  there  can  l>e  no  doubt  that  a  very  large 
prnpurtiou  of  the  Hbres  in  the  root  are  continuations  of  the  axis-cylinders  of 
oelU  iu  the  anterior  horn.  The  fibres  which  c^n  thus  be  traced  are  of  large 
diameter  and  api»ear  to  be  chiefly  if  not  excbi.Hively  motor  fibres  for  the 
skeletal  muscles.  In  the  frog  a  laborious  enumeration  on  the  one  hand  of 
the  number  of  Hbres  in  the  anterior  roots,  and  on  the  other  hand  of  the 
Dumber  of  cells  of  the  anterior  horn  in  the  areas  corresponding  to  the  nerve- 
toots  has,  it  is  true,  shown  a  very  remarkable  agreement  iu  number  between 
the  two.  We  might  bo  inclined  from  this  to  cmclude  that  alt  the  fibres  of 
aD  anterior  root  start  directly  from  cells  in  the  anterior  horn,  and  thai  all 
the  cells  in  the  anterior  horn  end  in  fibres  of  the  nearest  anterirtr  mot.  Hut 
•everal  considerations  prevent  us  from  trusting  tiK)  much  to  this  observation, 
eepecinlly  in  the  case  of  the  higher  animals.  The  anterior  root  contains 
otner  fibres  than  motor  fibres  for  the  skeletal  muscJea,  vasomotor  fibres  for 
infltjuice,  secretory  fibres  and  others  ;  and  it  is  a  priori  unlikely  that  these 
■bonld  have  origin  from  the  same  cells  as  the  motor  fibres  of  the  skeletal 
muscle«.  Moreover,  as  a  matter  of  fact,  some  of  the  fibrea  have  been  traced 
through  the  anterior  horn,  on  the  one  band  toward  the  posterior  horn  and 
OD  the  other  hand  toward  the  lateral  column  ;  others  again  are  found  to  pass 
through  the  anlerior  horn  of  their  own  side  to  the  bottom  of  the  anterior 
fiaiure  where,  crossing  over  to  the  other  side  and  thus  forming  part  of  the 
aoterior  white  commissure,  they  appear  to  ascend  to  the  anterior  horn  of  the 
other  side.  We  cannot  at  present  make  any  positive  statement  as  to  the  real 
origin  and  exHct  nature  of  these  fibres  which  thus  upon  entering  the  cord 
by  the  cells  in  the  anterior  horn  without  joining  them,  though  those 
hieh  ernes  by  the  anterior  white  commissure  are  8Up{M>sed  to  take  origin  in 
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the  cells  of  the  anterior  horn  of  the  other  side ;  it  is  sufficient  for  our  preseiu 
purposes  to  remember  that  while  a  large  number  of  the  fibres  of  the  anterinr 
root,  presumably  those  supplying  the  skeletal  muscles,  take  origin  in  the 
cells  of  the  anterior  horn,  shortly  before  they  issue  from  the  cor<l,  others 
have  tfome  other  origin.  And  similarly  we  have  reason  to  think  that  all  the 
cells  in  the  anterior  horn  do  not  send  out  axis-cylinder  processes  to  join  the 
anterior  routs  of  the  same  fide.  We  may,  however,  regard  a  large  number 
at  nil  events  of  tho  cells  of  the  anterior  horn,  at  the  level  of  as  well  as  a 
little  below  and  a  little  above  the  level  of  the  exit  of  any  particular  anterior 
root,  as  cooetituLing  a  sort  oi  nucleus  of  origin  for  the  larger  number  of  the 
fibres,  and  those  most  probably  the  skeletal  motor  fibres,  of  that  anterior 
root. 

The  posterior  root  enters  the  cord  not  in  several  hiitidles  laterally  scattered 
as  does  the  anterior  root,  but  in  a  more  compact  mass.  This  mass,  however, 
conaieta  of  at  least  two  distinct  bundles,  whieh  upon  their  entrance  into  the 
cord,  take  different  courses.  Ooe  bundle,  the  hirger  one,  lying  to  the  inner 
or  mediau  side  of  the  other,  ciinsistiug  of  relatively  coarse  fibres,  and  calle*! 
the  vied  fan  huntiie  (Fig.  176,  Pr' ),  passes  obi  ifjiiely  into  the  lateral  part  of 
t!»e  external  posterior  column,  which,  as  we  have  said,  is  in  consefjuence  often 
Bpokeu  of  as  the  posterior  root-zone.  Here  the  fibres  changing  their  direc- 
tion run  longitudinally  lor  some  distance  upward  (some,  however,  certainly 
iu  the  upper  cervical  region,  and  pr<»bably  in  other  regions,  run  a  short  dis- 
tance iiownward^,  hut  eventually  either  go,  as  we  shall  see,  to  form  the  mcflian 
posterior  tract  or  make  their  way  back  into  the  gray  matter  at  the  base  of 
the  posU^rior  horn  and  thus  join  the  vesicular  cylinder,  though  some  are  said 
to  be  continued  on  through  the  gray  matter  into  the  anterior  horu.  The 
other  smaller  bundle  placed  to  the  outside  of  the  former,  and  called  the 
lateral  bundlf  (Fig.  17fi,  Pr),  may  be  again  dividetl  into  an  intermtdiai^ 
bundle  (Fig.  177,  Pr)  lying  next  to  the  meiijan  bundle^  and  into  a  still  more 
lateral  bundle  (  Fig.  177,  IV).  The  former,  consisting  also  of  coarse  fibres, 
plunges  dii-ectly  through  the  substance  of  Iloiaudo  at  the  extremity  of,  and 
so  intt>  the  gray  nmtler  of  the  horn,  where  the  fibre;!  changing  their  direction 
run  in  part  at  least  longitudinally  in  the  gray  matter  in  bundles  known  as 
"the  longitudinal  bundles  of  the  posterior  horn"  (Figs.  176, 177,  r./.  ;n),8ome 
of  which  appear  to  pass  on  to  the  anterior  horn.  The  small,  most  external 
or  lateral  portion  of  the  lateral  bundle,  consisting  of  fine  fibres  and  some- 
times spoken  of  as  Uie  lateral  bundle,  on  entering  the  cord  at  once  ascends 
for  some  distance,  and  thus  forms  the  thin  layer  of  fine  fibres,  the  posterior 
marginal  zone  or  Lissauer's  zone,  iudicated  in  Fig.  177  by  m.  /.,  which  lies 
between  the  actual  extremity  of  the  horn  and  the  surface  of  the  cord,  and  in 
the  up[)er  regions  of  the  cord  (cf  Fig.  176,  p')  runs  some  way  upward  on 
the  lateral  margin  of  the  horn  between  the  gray  matter  and  the  crossed 
pyramidal  tract.  As  it  ascends  this  layer  continually  gives  o9  fibres  to  the 
gray  matter  of  the  posterior  horn  in  the  cells  of  which  they  appear  to  end. 

Thus,  while  part  of  the  median  bundle  docs  not  join  the  gray  matter  at 
all  but  goes  to  form  the  median  posterior  tract,  the  rest  of  that  bundle  and 
all  the  other  fibres  of  the  root,  sooner  or  later,  join  the  gray  matter  either  of 
the  posterior  horn  or  of  some  other  part. 

§  571.  The  vpec'ml  features  of  the  several  regions  of  tlu:  ^ituxl  cord.  The 
cord  begins  hebw  in  the  slender  filament  called  the  fUuin  terminalr,  which 
lying  in  the  vertebral  canal,  in  the  midst  of  the  mass  of  nerve-root*  called 
the  oaudu  equina,  rapidly  enlarges  at  about  the  level  of  the  first  lumbar  ver- 
tebra into  the  ro«?i«  medullar U.  This  may  be  regarded  as  the  beginning  of 
the  lower  portion  of  a  fusiform  enlargement  of  the  cord  known  as  the  lumlmr 
swelling,  which  reaches  as  high  as  about  the  attachment  of  the  roots  of  the 
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twelfth  or  eleventh  thoracic  nerve  at  the  level  of  the  eighth  thoracic  ver- 
tebra, the  broadest  part  of  the  sweilinj^  being  ahoiit  nppdsite  the  thini  lumbar 
nerve.  Above  the  lumbar  swelling,  thnmgh  the  thonicie  region  the  some- 
what imrrowed  rnrd  retiiitis  about  the  same  diameter  until  it  reaches  the 
level  (if  the  first  or  second  thoracic  uerve  opposite  the  seventh  cervical  ver- 
tebra where  a  second  t'usiforni  eulargemeul,  the  cerpical  siveflinf/^  broader  aod 
loaeer  than  the  lumbar  awellini;,  be^jins.  The  broadest  part  of  the  cervical 
swelling  is  about  opposite  ti>  the  fiflh  or  sixth  cervical  nerve;  from  thence 
the  dia'iieter  of  the  cord  becomes  gradually  somewhat  less  until  it  begins  to 
expand  into  the  [)tilb,  but  even  iii  the  highest  part  is  greater  than  in  the 
thoracic  region.  The  sectional  area  of  the  cord  iiicreaaes  therefore  from 
below  upward,  but  not  regularly,  the  irregularity  being  <Iue  to  the  lumbar 
and  cervical  swellings.  The  extremity  of  the  rtlum  terminale  is  said  to  con- 
sist entirely  of  neuroglia  closely  invested  by  the  membranes,  even  the  central 
canal  being  absent.  A  little  higher  up  the  contrul  canal  begins,  and  nerve- 
cells  with  nerve-tibrea  make  their  appearance  in  the  neuroglia;  thus  a  kind 
of  gray  matter  covered  by  a  thin  superficial  layer  of  white  matter  is  estab- 
liabed.  We  have  already  rt'ferrerl  to  the  peculiar  feature'^  of  the  lower  end 
of  the  conus  (§  oGO)  ;  but  higlier  up  the  canal  becomes  central  and  small,  the 
posterior  columns  are  developed,  and  the  gray  imiLter  coniainij  more  nervous 
elements  and  relatively  leas  neuroglia,  becomes  in  fact  ordinary  gray  matter. 
From  thence  onward  to  very  near  the  junction  with  the  bulb,  where  transi- 
tional  features  begin  to  come  tn,  the  spinal  cord  may  be  said  to  have  the 
general  structure  previously  described. 

The  sectional  area  of  the  while  matter  increases  in  absolute  size  and  on 
the  whole  in  a  steady  manner  from  betow  upward.  In  other  words,  in  n 
flediou  at  any  level,  the  uumbt.*r  of  InugituJirial  libre.a  forming  the  white 
iDAtler  is  greater  than  the  number  at  a  lower  level,  nnil  less  than  the  number 
at  a  higher  level ;  for  any  difference  which  may  ex.]$i  in  the  iliameter  of  the 
individual  fibres  is  insufficient  to  explain  the  diticrences  in  tlie  total  sectional 
area  of  the  white  matter.  If  we  were  to  measure  in  niiui  the  sectional  area 
of  each  of  the  spinal  nerves  as  it  joins  the  cord,  and  to  add  them  together, 
pHsiog  along  the  cord  from  below  u;iward  the  results  put  in  the  form  of  a 
curve  would  give  us  some  such  figure  aa  that  shown  in  Fig.  179;  the  area  gained 
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I>iuii4)c  snciwiifo  HIE  L'NTrsD  SEcna.vAi.  \ntjk»  op  tub  Si*imal  Nsbvcs,  pboceedlxu  rnoM 

BkLUW   L'PWAkD. 

InihLk.Miii  thM  *4iK«eedlni;  figures,  lao.  IKl,  1H3,  ir3.  1H4.  «n  or  which  refer  to  mAn,  the  left  hand 
*^  representa  th«  bottom  of  Ibe  cord  and  the  tl^bt  hand  tho  top  uf  the  con],  the  auu«ml5  ludi- 
wu&t  fluoccMUvly  the  McnU,  lumhar,  Uioraclc,  and  cerrloal  nenre*.  Tbe  sevomJ  dsiires  are  tK>C 
4avn  to  the  iaiim!  »caIo. 

brsdding  together  the  sectional  areas  of  the  nerves  increases  in  a  fairly 
•tstdy  manner  from  below  upward.  The  curve  of  the  sectional  area  of  the 
while  matter  of  the  cord  taken  from  below  upward  would  be  very  simihir, 
but  if  anything  more  regular.  It  must  be  understood,  however,  that  the 
dimensions  of  the  areas  would  not  be  the  same  in  the  two  cases.  The  sectional 
are*  of  the  white  matter  at  the  Uyp  of  the  cervical  region,  though  greater 
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than  anywhere  lower  down,  in  fur  lo^s  than  the  united  flectional  area  of  all 
the  nerves  below  that  level.  The  white  matter  i»  not  formed  by  all  the  fibres 
from  the  nerves  which  join  the  spinal  curd  (xiutiuuing  to  run  along  the  eord 
up  to  the  braiu ;  as  we  have  seen,  some  at  least  of  the  (ibrea  end  in  the  gray 
matter.  Nevertheless,  the  white  matter  in  piisaio^  up  the  cord  appears  to 
receive  a  permanent  addition  at  the  entratH»e  of  eaeh  nerve.  We  may  infer 
that  each  nerve  has  a  representative  of  itself  starting  from  the  level  of  its 
entrance  nud  running  up  to  some  part  of  the  brain.  Whether  the  fibres 
thus  repre^sentutive  of  the  nerve  are  contiiiuationft  of  the  very  fibres  of  the 
ner^'e  itself,  or  are  new  fibres  starting  from  some  relay  of  gray  matter,  with 
which  the  fibres  of  the  nerve  are  aku  connected,  is  another  question. 


Fig.  180. 
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§  572.  The  gray  matter  in  contrast  to  the  white  mutter  shows  great  varia- 
tions in  area  along  the  length  of  the  cord  (Fig.  180j.  From  the  entrani-'e 
of  the  coccygeal  nerve  upward  the  urea  increases  very  rapidly,  reaching  a 
maximum  at  about  the  level  *if  the  fifth  lumbar  nerve.  It  then  rapidly  de- 
crease? to  about  the  level  of  the  eleventh  thoracic  nerve,  maintains  about  the 
same  lUmeu^ioue  all  through  the  thoruvic  region,  and  begins  to  increase  again 
at  about  the  level  of  the  second  thoracic  nerve.  It;*  second  maximum  is 
reached  at  about  the  level  of  the  fitlh  or  sixth  cervical  nerve,  after  which  the 
arcu  ngaiu  becomes  smnlEer,  remaining,  however,  at  the  upper  cervical  rogioa 
much  larger  than  in  the  thoracic  region. 


Frn.181. 
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BuaRAU  sHonmro  the  Rkultivk  Ssctional  Areas  (jr  tbk  Spina:.  Nerved  as  they  jois  thb 

SriNAi.  roRD. 

The  meaning  of  these  variations  becomes  clear  when  we  turn  to  Fig.  181, 
which  shows  iti  a  similar  diagrammatic  manner  the  sectional  areas  of  the 
several  spina!  nerves.  It  will  be  observed  that  the  incre^ise  and  decrease  of 
the  sectional  area  of  the  gray  matter  follow  very  closely  the  increase  and 
decrease  of  the  quantity  of  nerve,  that  is  tf*  say,  neglecting  diflerences  in  the 
diameter  of  the  fibres,  in  the  number  of  nerve-fibres  passing  into  ihe  cord. 
The  sectional  areas  of  the  firt^t  and  second  sacral,  fourth  and  fifth  lumbar 
nerves  are  very  large,  and  opposite  to  these  the  sectional  area  of  the  gray 
matter  of  the  cord  is  very  large  also;  the  enlargement  of  gray  matter  which 
is  the  essential  cause  of  the  lumbar  swelling  is  correlated  to  the  ]&rge  number 
of  fibres  which  enter  and  leave  the  cord  at  thb  region  to  supply  chiefly  the 
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lower  limbs.  Similarly  the  enlargement  of  gray  matter  which  is  the  ei*sen- 
tial  cause  of  the  cervical  swelling  ia  correlaied  Ui  the  large  nutnber  of  tibrea 
which  enter  aud  leave  this  rejjjion  of  the  cord  to  supply  chiefly  the  upper 
luube.  la  the  thoracic  regiou,  where  the  number  of  fibres  entering  aud 
leaving  the  cord  is  relatively  less,  the  Bectional  area  of  the  gray  mailer  is  alao 
leas.  8ince  the  attachments  uf  the  several  Hpinal  nerves  are  not  exactly 
equidiBtant  from  each  other  ahmg  the  length  of  the  cord,  the  sectional  area 
is  not  an  exact  measure  of  bulk  ;  the  Lota)  hulk  of  gray  matter,  for  inMance, 
belonging  to  two  nerves  which  enter  the  cord  close  together  la  less  than  that 
of  two  nerves  giving  rise  to  the  same  sectional  area  of  gray  nnitter  a^  the 
ibrmer  two  but  entering  the  cord  far  apart  from  each  other.  Still  (he  error 
which  may  be  introduced  by  taking  sectional  area  to  mean  bulk  is,  for  present 
purpoMS  at  all  events,  so  small  that  we  may  permit  ourselves  to  say  that  in 
the  successive  regions  of  the  spinal  cord  the  bulk  of  gray  matter  in  any  seg- 
ment ia  greater  or  less  according  to  the  size  of  the  nerve  (or  pair  of  nerves, 
right  and  left)  belonging  to  that  segment. 

From  this  nnatojiiicnt  fact  wo  appear  justiHed  in  drawing  the  conclusion 
that  at  all  events  a  great  deal  of  the  gray  matter  of  the  Hpinal  cord  may  be 
ooDsidered  aa  furnishing  a  nervous  intichanisin,  with  which  the  efferent  fibres 
of  each  spinal  nerve  just  before  they  leave  the  cord,  and  the  afferent  fibres 
•oou  after  they  join  the  cord  are  more  immediately  connected.  It  may  be 
the  whole  of  the  gray  matter  ia  thus  directly  counected  with  and  thus 
and  falls  with  the  fibres  of  the  iiorvea ;  or  it  may  he  that  there  is  a  3*irt 
of  cord  of  gray  matter,  which  maintains  a  utiitbrrtj  bulk  along  the  whole  length 
of  the  cord  and  serves  as  a  hasig  which  is  here  more  and  there  less  swollen 
by  the  addition  of  the  gray  matter  more  immediately  connected  with  the 
fibres  of  the  nerves.  This  quedtion  the  method  which  we  arc  now  using 
cannot  settle. 

§  673.  Owing  to  these  different  rates  of  increase  of  the  gray  and  white 
matter  respectively  along  the  length  of  the  cord,  we  find  that  in  sections  of 
ibe  cord  taken  at  different  levels  the  ap|>earHi]ce«  fjresented  vary  in  a  very 
distinct  manner.  This  is  strikingly  shown  by  comparing  Figs.  174.  17f»  and 
J'7.  At  the  level  of  tlie  third  lumbar  nerve  (Fig.  177)  the  gray  matter  is 
very  large,  reaching,  as  we  have  seen,  its  maximal  sectional  area  at  about 
thif  point,  so  that  although  the  area  of  white  matter  is  not  very  great  the 
^linle  area  of  the  cord  is  considerable. 

At  the  level  of  the  sixth  thoracic  nerve  (Fig.  174),  in  spite  of  the  white 
"iwtor  having  very  decidedly  increased,  the  gray  matter  has  shrunk  to  such 
V4>ry  9fuall  dimensions,  that  the  total  sectioned  area  of  the  cord  has  markedly 
*^''ninished. 

At  the  level  of  the  sixth  cervical  (Fig.  176)  the  gray  matter  has  again 

'Ocreased,  reaching  here,  as  we  have  seen,  its  seexind  maximum  ;  the  white 

*«tter  has  also  further  increased,  and  that  indeed  very  considerably,  so  that 

'**^  total  area  of  the  cord  is  much  greater  than  in  any  of  the  lower  regions. 

l^urther  details  of  the  varying  size  of  the  white  matter  and  of  the  gray 

'^^tter  at  different  levels  are  also  shown  in  the  series  given  in  Fig.  182.     In 

"*<«e,  combined  with  the  three  figures  just  referred  to,  it  will  be  observe<l 

"^M  the  serial  increase  and  decrease  of  the  gray  matter  doet)  not  afi'ect  all 

V^fiA  of  the  gray  matter  alike,  so  that  the  outline  of  the  gray  matter  tdiangea 

'*ry  markedly  in  passing  from  Iwlow  upward.     In  the  coccygeal  region  each 

^teral  half  is  a  somewhat  irregular  oval,  and  in  the  sacral  region,  Fig.  1^2, 

***c,ihe  differentiation  into  anterior  and  posterior  horns  is  still  very  indistinct. 

^Q  the  lumbar  region  the  two  horns  are  sharply  marked  out,  though  both 

^he  posterior  and  anterior  horns  are  broad  and  more  or  less  quadrate.     In 

'^M'  thoracic  region  the  decrease  of  gray  matter  has  affected  both  horns,  so 
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regions.  In  the  coccypoal,  sacrnl,  and  Inmbur  rej»ion9  the  outiinr, 
varvinj;  aumewhat  chieflv  owiug  U>  the  disposition  of  the  army  nwUer.  m  oo 
the  whole  cirmlar.  In  llie  thoracic  rejjion.  espccinlly  in  thr  upper  part,  tlw 
increase  of  the  Internl  columnH  increAf*o.9  the  side-to-8i<)e  <liflnketcr  to  mii«b 
that  the  M-'ctiuu  becomes  oval,  and  in  tlie  cervical  region  this  incrEaae  iif  Um 
side-lo-bide  diameter  out  of  jtroporlion  to  the  doreo-veutral  diameter  ii  »«fy 
marked.  The  actual  outline  of  the  M-hole  tmnHverM*  section  i*,  lii>««?«r» 
determined  also  to  a  certain  extent  by  the  changes  of  form  (tfthcgnrnottpr. 

The  cord  moreover  undergoes  nlong  its  length  a  change  which  a  not 
clearly  indicated  in  the  diagrams  Figs.  184.  185.  15y  cora|>ari»g  lfa« 
of  transverse  sections  given  in  Fig.  1>*2,  it  will  be  seen  that  the  relative  pnB* 
lion  of  the  central  canal  shiAs  along  the  length  of  the  oord.  In  Ibe  Mcrml 
and  lumbar  regions  the  central  cunal  is  nuirly  at  the  centre  of  ibe  circle  uf 
outline,  and  the  posterior  and  anterior  figures  are  nearly  of  e<|uat  <ie|iUi. 
Even  in  the  upper  lumbar  region,  and  still  more  in  thr  thon^'Jo  negioa,  iIm 
pf^ition  of  the  central  canal  is  shifted  nearer  to  the  vrntml  Hurfaop,  to  Umu. 
the  posterior  fissure  bewtmes  relatively  longer,  deeper  Uian  tbi>  anlcrioc. 
Tliia  shifting  goes  on  through  the  cer\Mca!  region  up  tii  ut>ou(  the  lev*!  of 
the  second  cervical  nerve,  where  it  is  arrested  by  thr  Ix^nntne  c€  Um 
changes  through  which  the  spinal  cord  is  transibrined  into  tbv  Su 
comp1icate<l  bulb. 

Tiiis  lengthening  of  the  jHisterior  Hsi<ure  indicates  an  increiM  in  Um 
ventral  diameter  of  the  jtosterior  columni*.  and  this,  not  being 
by  a  compensating  diminution  of  the  side-to-side  diameter,  shown  in  to 
that  the  poeterior  columns  undergo  an  increase  in  pnasine  upward.  Frooi 
this  we  may  add  to  the  provisional  conclusion  just  arrived  at  wiib  ragmrd  to 
the  lateral  columns,  the  further  conclusion  that  some  part  of  tlw  pogtcriof 
columns  also  is  concerned  in  transmitting  impulses,  in  a  more  or  lea  dlivct 
manner,  l>etween  the  various  regions  of  the  cord  below  and  the  bnun  ftbora. 
The  anterior  columns  do  not  increu^o  in  the  same  marked  manner,  iboB^ 
over  and  above  the  increase  due  to  the  lurulwr  and  cervii*al  svelliBpi  Aooa* 
tinued  increase  may  t>e  observed,  csfH'cialiy  in  the  tipjjer  cvrvieal  rVjg^oa;  k 
is  in  this  uiiper  region  that  the  direct  pyramidal  irH<*t  14  beat  developed. 

§  676.  The  provisitmal   conclusions  at  which  we  have  arrived  are  fHftllitiV 
to  a  certain  extent  at  least,  eontirmed  and  exlendtn)   by  a  st;  '  h« 

l>ehavior  at  the  several   regions  uf  the  cord  of  the  Ajiccial  irm- 
matter  des'cril>ed  in  S  5'>7. 

The  pyramidal  tract,  that  is  tn  say,  the  cro8»ed  pyramidal  tract  cdI 
the  spinal  cord  above  from  the  pynimid,  is  very  largp  in  the  ovnriad  nfion* 
having  the  form  and  situation  shown  in  Fig.  182,  C,  i\  C..  Froai  tfccnoi 
downward  it  diminishes  in  siee,  the  diminution  being  ospocmllv  rapid  a  tlM 
lumbar  swelling  (Fig.  1^2,  Lj,  where  the  tract,  being  no  Uiag<cr  eorervd  m 
by  the  ccrel)ellar  tract,  comes  to  the  surface  of  the  cord;  bat  it  mar  he 
traced  liy  the  degeneration  method  down  as  fiir  as  the  ci>ccyg«ai  rc^pOD,  mad 
indeed  appears  to  be  coexistent  with  the  entranoo  of  spinal  nenrva  mU»  iW 
cord.  Diminution  of  the  tract  means  a  leasenLng  of  tbe  number  of  fibrm; 
and  sinoe  we  cannot  sup{K>ee  that  any  of  the  fibres  come  «a<ldealr  io  aa  cad 
in  thr  tract  itfcif.  we  are  led  u>  infer  that  along  the  cord,  from  aoova  Aya- 
ward,  fibres  are  succ<'ssively  leavin;:  the  tract  and  paninie  to  sooM  oClwr  part 
of  the  conl.  We  seem  further  Justitieil  in  concluding  tbat  tlifl  fibtia  «beb 
thus  succoAiively  leave  the  tract  gu  to  join  the  s«ri«$  of  local  ucrvoos 
anisms  with  which  tbe  spinal  nerve*  communicate,  as  we  hara 
to  believe,  upon  their  entrance  into  the  cord,  ttidird  hi  we  *h&ll  m%  latar 
on.  we  have  reason  to  think  that  the  nervinu  n.  He  fibffViia 

qucatiou  join  are  those  belonging  to  the  motor   ....^v^  ...  .i.^   . 
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This  pymniulal  tract  does  nut  liegiu  iu  the  pyramid,  but  may  be  traced 
through  the  lower  parts  of  the  hniin  ri^lit  up  to  8|)ecia]  areas  in  the  cortex 
or  surface  of  the  cerebral  hemispheres;  and  very  strong  reasons  may  be 
brought  forward  in  support  uf  tlic  view  that  the  fibres  of  this  tract  are 
fibres  which  carry  impulses  from  the  cortex  to  successive  portions  of  the 
spinal  cord  and  there  give  rise  to  eHerent  impulses  which  pass  to  appro- 
priate skeletal  muscles.  The  tract,  therefore,  is  not  only  a  descending  tract 
by  virtue  of  the  mode  of  degeneration,  but  may  be  spoken  of  iu  a  broad 
sense  as  a  tract  of  etterent  impulses  desceadtng  from  the  cerebral  cortex  ; 
and  indeed  it  is  maintained  that  it  is  the  channel  of  the  particular  kin<l  of 
elfereut  impulses  which  we  shall  speak  of  as  voluntary  or  volitional  impulses. 
We  may  add  that  as  the  tract  passes  along  a  path,  which  we  shall  sulwe- 
quently  describe,  from  the  cerebral  cortex  through  the  lower  parts  of  the 
brain  to  the  pyramid,  it  gives  ofl"  tibrea  to  mechanisms  connected  with 
several  of  the  cranial  nerves,  much  in  the  same  way  that  it  givea  off  fibres 
to  the  spiual  nerves. 

AVe  may  therefore  picture  to  ourselves  this  pyramidal  tract  as  starting  in 
the  form  of  a  broad  sheaf  of  fibres  from  a  certain  district  on  the  surface  of 
one  of  the  cerebral  hemispheres.  Putting  aside  for  the  present  any  possible 
increase  of  the  number  of  fibres  by  division  ot'  fibres  (though  we  have  reason 
U)  think  that  this  dues  to  a  certain  extent  occur),  we  may  regard  the  tract  ae 
being  at  its  maximum  at  its  beginning  in  the  cortex.  As  it  descends  to  the 
decussation  of  the  pyramids  in  the  bulb  it  loses  a  certain  number  of  fibres, 
which  pass  off  to  the  cranial  nerves.  Having  crossed  and  entered  into  the 
lateral  column  of  the  con!  it  continueflto  give  off  fibres  to  the  spiniil  nerves, 
probably  to  the  anterior  root  of  each  in  succession,  and  so  goes  on  its  way 
down  the  cord  continually  diuuni^hiag  until  the  last  remaining  fibres  are 
given  off  to  the  last  coccygeal  nerve. 

When  degeneration  is  set  up  along  this  tract,  as  may  be  done,  by  injuries 
to  particular  areas  of  the  cerebral  cortex,  the  main  mass  of  degenerated 
tibrea,  after  crossing  over  from  one  side  of  thecerebro-spinal  axis  to  the  other 
in  the  decussation  of  the  pyramids  at  the  lower  end  of  the  bulb,  during  its 
further  progress  down  the  spinal  cord,  keeps  to  tlie  side  to  which  it  has 
crossed  right  down  to  the  end.  Hence,  as  we  have  said,  it  is  called  the 
crossed  pyramidal  tract.  The  main  mass  of  fibres,  the  degeneration  of 
which  has  beeu  started  by  injury  to  the  lefl  side  of  the  brain,  crosses  over  to 
right  side  of  the  spiniil  cord  and  runs  down  the  lateral  column  of  the  right 
side  to  the  end  of  the  cord.  Nevertheless  some  fibres  appear  to  cross  over 
again  in  the  spinal  cord  and  then  to  run  along  the  same  side  as  the  side  of 
the  brain  injured — along  the  lefl  side  in  the  case  just  mentioned.  Such  fibres 
are  spoken  of  as  *'  re-crossed  fibres." 

The  direct  pyramidal  tract  (Fig.  1H2,  dP),  except  that  it  does  not  cross  at 
the  decussation  of  the  pyramids,  is  olherwisesimilar  to  the  cni8i*ed  pyramidal 
tract,  and  indeed  is  a  part  of  the  same  strand  to  which  the  crossed  tract 
belongs.  When  degeneration  iu  this  tract  is  started  by  injury  to  particular 
areas  of  the  cerebral  cortex,  say  on  the  left  half  of  the  brain,  the  degenera- 
tion may  be  traced  through  the  lefl  anterior  pyramid,  and  so  to  the  left 
median  anterior  column  of  the  spinal  cord.  The  direct  tract  is  never  so 
extensive  or  niarkeil  as  the  crossed  tract,  does  not  reach  so  far  down,  is  much 
more  variable  both  in  length  and  in  sectional  area,  and,  as  we  have  said,  is 
almost  c<)ntine<l  to  man.  Diminishing  as  it  descends  it  may  be  said  to  ceaee 
in  the  middle  thoracic  region  (Fig.  182, 1),  D,).  Taking  an  average,  we  may 
say  that,  of  the  whole  strand  running  in  the  pyramids  above  the  decussation, 
about  three-fourths  of  the  fibres  go  to  form  the  crossed  and  about  one-fourth 
to  form  the  direct  tract.     We  shall  see  later  on  that  the  impulses  coming 
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regions.  In  the  coocypeal,  aacral.  and  lumbar  regions  the  outline,  thougn 
varying  somewhat  chiefly  owing  to  the  disposition  of  the  gray  matter,  Is  on 
ihe  whole  cireuJar.  In  the  thoracic  region,  especially  in  the  up|)er  part,  the 
increaRe  of  the  lateral  columns  increases  the  aide-to-8i<ie  diameter  so  much 
that  the  section  becoraei*  oval,  and  in  the  cervical  region  thia  increase  of  the 
side-to-eide  diameter  out  of*  proportion  to  the  dorso-ventral  diameter  is  very 
marked.  The  actual  outline  of  the  whole  transverse  section  is,  however, 
detennined  also  to  a  certain  extent  by  the  changes  of  form  of  the  gray  nmtter. 

The  c«>rd  moreover  undergoes  along  its  length  a  change  which  \»  not  very 
clearly  indicated  in  the  diagrams  Figs.  184,  185.  By  comparing  the  seriee 
of  transverse  aecLions  given  iu  Fig.  182,  it  will  be  seen  that  the  relative  posi- 
tion of  the  central  canal  shifts  along  ihe  length  of  the  cord.  In  the  sacral 
and  liimbar  regions  the  central  canal  is  nearly  al  the  centre  of  the  circle  of 
outline,  and  the  posterior  and  anterior  fissures  are  nearly  of  equal  depth. 
Even  in  the  upper  lumbar  region,  and  still  niore  in  the  thoracic  region,  the 
position  of  the  central  canal  is  shifted  neutrer  to  the  ventral  surface,  so  that 
the  posterior  Hssure  becomes  relatively  longer,  deeper  than  the  anterior. 
This  shifting  goes  on  through  the  cervical  region  up  to  about  the  level  r>f 
the  second  cervical  nerve,  where  it  is  arrested  by  the  beginning  of  the 
changes  through  which  the  spinal  cord  is  transformed  into  the  far  more 
complicjited  bulb. 

This  lengthening  of  the  posterior  fi&.'?ure  indicates  an  increase  in  the  dono- 
veutral  diameter  of  the  jxisterior  column?,  and  this,  not  being  accompaiiied 
by  a  compensating  diminntion  of  the  side-to-atdc  diameter,  shows  in  turn 
that  the  posterior  columns  undergo  an  increase  in  passing  upward.  From 
this  we  may  add  to  the  provisional  conclusion  Just  arrived  at  with  regard  to 
the  lateral  columns,  the  further  conclusion  that  some  part  of  the  portflnar 
columns  also  is  concerned  in  tninsmittiug  impulses,  in  a  more  or  leas  dinct  . 
manner,  between  the  various  regions  of  the  cord  below  and  the  brain  &biM^I 
The  anterior  columns  do  not  increase  in  the  same  marked  luanner,  tbai|^| 
over  ami  above  the  increase  due  to  the  lumbar  and  cervical  swelliogs  a  ooo- 
tinued  increase  may  l>e  olwerved,  especially  in  the  upper  cervical  rvgioo;  ii 
is  in  this  ijpper  region  that  the  direct  pyramidal  tract  is  best  dere3o|mL 

§  576.  The  provisional  conclusions  ai  which  we  have  arrive*!  are  ftutlMr, 
to  a  certain  extent  at  least,  confirmed  and  extended  by  a  studv  of  ibe 
behavior  at  the  several  regions  of  the  cord  of  the  special  tracts  of  vktle 
matter  described  in  i^  567. 

The  pyramiilal  tract,  that  is  to  say.  the  crossed  pyramidal  tract  catsiv 
the  spinal  cord  above  from  the  pyramid,  is  very  large  iu  the  cervical  rcrjoa^ 
having  the  form  and  situation  shown  in  Fig.  1H2,  C,  C^  C^.     FrtMi  thflM 
downward  it  diniinishes  in  size,  the  diminution  being  especially  rmiwl 
lumbar  swelling  (Fig.  1M2,  L,),  where  the  tract,  being  no  loDjger 
by  the  cerebellar  tract,  comes  to  the  surface  of  the  cord;  bot  it  mtn  M 
traced  by  the  degeneration  method  down  as  far  as  the  coccrge^  Rsk)B,ttd 
indeed  appears  to  be  coexistent  with  the  entrance  of  spinal  oerret  isl* 
cord.     Diminntion  of  the  tract  menna  a  lessening  of  the  tiamber  <tf 
and  since  we  cannot  suppose  that  any  of  the  tibre»  come  suddenlr  to 
in  the  tract  itself,  we  are  led  to  infer  that  along  the  cord,  from  abvw 
ward,  fibres  are  successively  leaving  the  tract  and  passing  to  soiBe  t$k 
of  the  cord.     We  seem  further  ju8ti(ie4l  in  concluding  dbat  tbeilHH 
thus  successively  leave  the  tract  go  to  join  the  series  of  local  narvw 
anisms  with  which  the  spinal  nerves  communicate,  as  we  haT«  aum 
to  believe,  upon  their  entrance  into  the  cord.     Indeed,  as  we  **i-n  ai 
on,  we  have  reason  to  think  that  the  nervous  mechanisms  wbick  ^ 
question  join  are  those  belonging  to  the  motor  fibres  of  tbe  aMM 
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siicceeeively  fed  along  its  cr>ur8e  by  fibres  coming  from  other  parts  of  the 

cord»  some  of  the  fibres  entering  the  tract,  though  like  their  companions 

undergoing  an  ascending  degeneration,  do  not  like  them  continue  in  the  tract 

rigbt  up  to  the  cerebellum,  but  pass  ofl  to  other  parts  of  the  cord  on  their 

way  upward.     This,  however,  is  equivalent  to  saying  that  the  tract  is  not  a 

ure  or  homogeneous  one,  but  consists  of  at  least  two  sets  of  fibres,  only  one 

of  which  is  continued  on  to  the  eerbbellum  and  strictly  deserves  the  name 

of  *' cerebellar."     It  may  [>erhaps  here  bo  mentioned  that  while  the  fibres 

eomposing  the  tract  are  as  a  whole  conspicuously  coarse,  large  fibres,  with 

there  are  mingled,  especially  in  the  thoracic  region,  a  number  of  much 

ner  fibres;  but  these  apparently  undergo  a  descending,  not  an  ascending, 

degeueratiun,  and  do  not  thertt'ore  really  belong  to  the  tract;  they  may  be 

fibres  which  have  strayed  from  the  pyramidal  tract. 

We  have  as  yet  no  very  clear  evidence  as  to  the  origin  of  the  fibres  which 
compose  the  tract.  Unlike  the  case  of  the  median  posterior  tract  of  which 
we  haye  next  to  speak,  no  degeneration,  at  least  in  the  lumbar  and  thoracic 
regions,  appears  in  the  tract  after  section  merely  of  the  roots  of  the  nerves  ; 
Ut  produce  the  degenerfltion  the  cord  itself  must  be  injured.  From  this  we 
may  infer  that  the  tract  ia  not  ied  directly  by  the  fibres  of  the  posterior  roots. 
Home  observers  maintain  that  the  tract  is  fed  by  fibres  coming  from  the 
vesicular  cylinder  ami  point  out  that  both  the  tract  and  the  column  begin  at 
the  same  level  somewhat  suddenly  ;  but  the  want  of  parallelism  between  the 
L  course  of  the  tract  and  that  of  the  cylinder  along  the  length  of  the  cord,  the 
^K  latter  being  as  we  said  conspicuous  in  the  thoracic  region  while  the  tract 
^B  steadily  increases  upward,  is  distinctly  n[)posed  to  such  a  view.  From  the 
W  fact  that  the  degeneration  taking  place  in  it  is  an  ascending  one,  it  is  sup- 
l  pcKHHl  that  the  tract  is  the  channel  for  ascending;,  that  is  to  say,  in  a  broad 
^^kaense,  afferent  inipulse.s.  And  cmisideralile  intt>rei^t  attacbe.'t  to  the  Fact  that 
^^m  these  impulses  should  be  carried,  not  in  the  cerebrum  but  to  the  cerebellum. 
Our  knowledge  on  this  point,  however,  is  very  imperfect,  and  what  can  be 
said  in  the  matter  had  better  be  said  later  on. 

§  678.  The  median  poetj^ior  tract  is  the  other  conspicuous  tract  of  ascend- 
ing degeneration  ;  it  also  is  supposed  to  be  a  channel  for  ascending  nflerent 
impulsee;  and  this  view  is  rendered  almost  certain  by  the  intimate  relations 
of  the  tract  to  the  fibres  of  the  posterior  roota. 

In  dealing  so  far  with  the  tracts  of  degeneration  in  the  spinal  cord  we 
have  always  spoken  of  the  degeneration  as  being  the  result  of  lesions  of  the 
spinal  conl  itself  Experiments  on  animals,  however,  and  clinical  experience 
have  shown  that  division  or  injury  of  the  fibres  of  the  posterior  roots  is  fol- 
lowed by  tracts  of  degeneration  in  the  spinal  cord,  though  no  damage  what- 
^^K>  ever  may  have  been  done  to  the  substance  of  the  conl  itself.  These  tracts 
^^P  make  their  appearance  in  the  median  j>osterior  columns,  the  exact  path  and 
limits  of  the  degeneration  diH'oring  with  the  different  spinal  nerves.  The 
results  of  the  division  of  different  groups  of  nerves  are  so  instructive  that  we 
may  dwell  upon  them  in  detail. 

If  the  posterior  roots  of  two  or  three  lumbar  nerves  (on  one  side)  be 
divide<l,  an  examination  of  the  cord,  after  an  interval  long  enough  to  allow 
degeneration  to  be  well  established,  will  bring  to  light  the  following  features: 
The  divided  roots  will  be  found  to  have  degenerated  right  up  to  their  entrance 
into  the  cord.  A  section  of  the  cord  opposite  the  entrance  of  the  lowest 
divided  ryit  will  show  no  degeneration  of  the  cord  beyond  that  of  the  bundles 
of  fibret)  passing  in.  A  little  higher  up  degeneration  will  be  observed  in  the 
external  posterior  column  clt>se  to  the  posterior  horn;  and  as  we  ascend  we 
find  that  this  degeneration  first  spreads  over  a  large  portion  of  the  external 
posterior  column,  and  then  invades  the  median  |)osterior  column ;  the  de- 
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down  alon^  the  unitec]  tract  in  the  brain  may,  broadly  speaking,  be  aaid  to 
cross  over  wholly  from  one  Bi(ie  to  the  other  beibre  they  reach  the  akeletal 
muscles,  &o  that  the  impuldud  pas^^in^  along  tibrea  in,  suy,  the  left  pyramid, 
reach  the  muscles  of  the  right  linibe  and  right  side  of  the  body,  whether  the 
fibres  cn«8  over  at  the  decussation  to  form  the  crossed  or  remain  on  the  same 
side  to  form  the  direct  pyramidal  traci.  We  are  therefore  led  to  infer  that 
the  fibres  in  the  direct  tract,  as  they  pass  down  the  cord,  cross  over  in  the 
cord  itself  before  they  make  connections  with  the  fibres  of  the  anterior  roota. 
Probably  the  crossing  is  ejected  by  means  of  some  of  the  decussating  Hbres 
which  form  the  anterior  white  commissure.  A  part  only,  indeed  a  small 
pan,  of  the  coramisaurc  can  serve  this  purpose ;  moat  of  the  fibres  of  the  com- 
missure, and  in  the  lower  regions  of  the  cord,  where  the  direct  tract  uo  longer 
exists,  all  the  fibres  must  have  some  other  functions.  Some  of  the  fibres  of 
this  great  pyramidal  tract  leave  the  tract,  as  we  have  said,  to  join  some  of 
the  cranial  nerves  before  the  pyramids  of  the  bulb  are  reached ;  and  the 
impulfles  passing  along  these  fibres  also  cross  over  to  the  opposite  aide  before 
they  issue  along  the  cranial  nerves.  Hence  we  infer  that  these  tibres  decus- 
sate above  the  decussation  «f  the  pyramids  just  as  those  of  the  direct  tract 
decussate  l>e!ow  it.  So  that  of  the  wh*ile  strand  as  it  leaves  the  cerebral 
cortex,  while  the  main  mass  of  fibres  crosses  over  at  the  decussation  of  the 
pyramids,  the  rest  of  the  fibres  cross  the  middle  line  in  suceeasion  from  the 
level  of  the  third  cranial  nerve  to  the  level  of  the  lower  limit  of  the  direct 
tract ;  below  the  decuesation  of  the  pyramids  the  crossing  takes  place  by  means 
of  the  anterior  commissure  of  the  cord,  above  the  decussation  by  means  of 
what  we  shall  later  on  learn  to  speak  of  as  the  raph6  of  the  bulb,  or  by 
structures  corresponding  to  this  higher  up. 

§fi77.  The  cerebellar  tract  (Fig.  182,  C.b,)  is,  as  we  have  seen  a  tract  of 
ascending  degeneration  ;  the  degeneration  in  it  makes  its  appearance  above 
the  section  or  the  seal  of  other  injury  of  the  cord.  It  begins  somewhat  sud- 
denly at  the  level  of  the  second  lumbar  nerve  region,  being  absent  at  least 
as  adiatinct  tract  below  ;  injury  of  the  cord  at  the  level  of  the  middle  and 
lower  lumbar  nerves  leads  to  no  marked  tract  of  degeneration  {though  piis- 
sibly  scattered  single  fibres  may  degenerate),  while  injury  higher  up  does. 
The  tract  lies,  m*  we  have  said,  clo^  to  the  surface  of  the  cord  in  the  posterior 
part  of  the  latertil  column  jiit^t  outside  thecrosseil  pyramidal  tract,  and  while 
varying  somewhat  in  the  shape  of  its  section  from  level  to  level,  remains 
throughout  a  somewhat  narrow  crescentic  patch.  At  the  top  of  the  spinal 
cord,  it  passes,  as  wo  have  said,  from  the  lateral  columns  into  the  restiform 
bodies  of  the  bulb,  and  so  to  certain  parity  of  the  cerebellum. 

When  the  section  or  lesion  ia  limited  to  one  side  of  the  cx)rd,  the  degen- 
eration is  similnrly  limited  to  the  same  side,  and  that  along  its  whole  course 
up  to  the  cefebellurn;  there  is  no  evidence  of  any  of  the  fibres  decuasftting 
in  the  cord. 

The  area  of  the  tract  increases  from  below  upward.  This  has  been  deter- 
mineil  by  the  embryological  method,  by  noting  the  appearance  of  the 
medulla  in  the  fibres,  as  well  as  by  comparing  the  extent  of  the  degeneration 
following  u[x>n  a  section  high  up  in  the  cord  with  that  following  upon  a 
section  lower  down.  From  this  we  infer  that  the  fibres  composing  the  tract 
must  start  successively  from  other  parts  of  the  cord  along  its  length — that  is 
to  say.  the  tract  must  he  fed  by  fibres  coming  from  other  structures  in  the 
cord.  On  the  other  hand,  it  ia  found  that  the  degenerated  area  follnwiDg 
upon  a  section  or  injury'  diminishe*  as  it  is  traced  upward  ;  when,  for  instance. 
A  section  is  made  in  the  mid-thoracic  regiftn.  the  area  of  degeneration  in  the 
tract  is  greater  immediately  above  the  section  than  it  is  higher  up,  sav  in 
the  cervical  region.     From  this  we  are  led  to  inter  that  though  the  tract  is 
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0iioceMiveIy  fed  along  its  course  by  fibres  coming  from  other  parts  of  the 
cord,  some  of  the  fibred  entering  the  tract,  though  like  their  cuiufmnioiift 
undergoing  an  ascenciuig  (legeneratinn,do  not  like  them  continue  in  the  tract 
right  up  to  the  cerebellum,  but  pasu  ofi  to  <»ther  parte  of  the  cord  on  their 
way  upward.  This,  however,  is  equivalent  to  saying  that  the  tract  is  not  a 
pure  <»r  homogeneous  one,  but  conaisla  of  at  lea^t  two  sets  of  fibres,  only  one 
of  which  is  couiiuued  on  to  the  cerebellum  and  strictly  deserves  the  name 
of  "cerebellar."  It  may  ]>crhap3  here  be  mentioned  that  while  the  fibres 
•ompoeing  the  tract  are  as  a  whole  conspicuously  coarse,  large  fibres,  with 
these  there  are  mingled,  es[>ccialiy  in  the  thoracic  region,  a  number  of  much 
6Der  fibres;  but  these  apparently  undergo  a  descending,  not  an  ascending, 
degeneration,  and  du  not  therefore  really  belong  to  the  tract;  they  may  be 
fibres  which  have  strayed  from  the  pyramitlal  tnu*t. 

We  have  as  yet  uo  very  clear  evidence  as  to  the  origin  of  the  fibres  which 
compose  the  tract.  Unlike  the  case  of  the  rae<liiiH  posterior  tract  of  which 
we  have  next  to  8{)cak,  no  degeneration,  at  least  in  the  lumbar  and  thoracic 
regions,  appears  in  the  tract  after  section  merely  of  the  rool»  of  the  nerves  ; 
to  produce  the  degeneration  the  cord  it*elf  mtist  be  injured.  PVom  this  we 
may  infer  that  the  tract  is  not  fed  directly  by  the  fibres  of  the  posterior  roots. 
Some  observers  maintain  that  the  tract  is  fed  by  fibres  coming  from  the 
vesicular  cylinder  and  point  out  that  both  the  tract  and  the  column  begin  at 
the  same  level  somewhat  suddenly  ;  but  the  want  of  paralleliam  between  the 
course  of  the  tract  and  that  of  the  cylinder  along  the  length  of  the  cord,  the 
latter  being  as  we  said  conspicuous  in  the  thoracic  region  while  the  tract 
steadily  increases  upward,  \&  distinctly  opposed  to  such  a  view.  From  the 
fact  that  the  degeneration  taking  place  in  it  is  an  ascending  one,  it  is  su(>- 
pueed  that  the  tract  is  the  chanuel  for  ascenfliug,  that  is  to  say,  in  a  broad 
seose,  afferent  imfudses.  And  con^^iderable  Interest  attaches  to  the  fact  that 
these  impulses  should  be  carried,  not  to  the  cerebrum  but  to  the  cerebellum. 
Our  knowledge  on  this  p<tint,  however,  ir  very  imperfect,  and  what  can  be 
aaid  in  the  matter  had  better  be  said  later  on. 

§  578.  The  viedian  posterior  tract  is  the  other  conspicuous  tract  of  ascend- 
ing degeneration  ;  it  also  is  supposed  to  be  a  channel  for  ascending  afferent 
impalaes;  and  this  view  is  rendered  almost  certain  by  the  intimate  relations 
of  the  tract  to  the  fibres  of  the  posterior  roots. 

In  dealing  so  far  with  the  tracts  of  degeneration  in  the  spinal  cord  we 
have  always  spoken  of  the  degeneration  as  being  the  result  of  lesions  of  the 
spinal  cord  itself  Experiments  on  animals,  however,  and  clinic-al  experience 
aav«  shown  that  division  or  injury  of  the  fibres  of  the  posterior  roots  is  fol- 
lowed by  tracts  of  degeneration  in  the  spinal  cord,  though  no  damage  what- 
ever may  have  been  done  to  the  substance  of  the  cord  itself.  These  tracts 
make  their  appearance  in  the  iiieditiu  posterior  colunms.  the  exact  path  and 
limits  of  the  degeneration  differing  with  the  diHerent  spinal  nerves.  The 
reiults  of  the  division  of  ditlerent  groups  of  nerves  are  so  instructive  that  we 
nuiT  dwell  ufHm  them  in  detail. 

ff  the  posterior  roots  of  two  or  three  lumbar  nerves  (on  one  side)  be 
(lividtNi.  an  examination  of  the  cord,  atler  an  interval  long  enough  to  allow 
4egeoeration  to  be  well  established,  will  bring  to  light  the  following  features: 
The  divider!  roots  will  be  found  to  fmve  degenerated  right  up  to  their  entrance 
into  the  cord.  A  section  of  the  cord  op[)08ite  the  entrance  of  the  lowest 
divided  root  will  show  no  degeneration  of  the  cord  bevond  that  of  the  bundles 
'->f  fibres  passing  in.  A  little  higher  up  degeneration  will  be  observer!  in  the 
txiemal  posterior  column  close  to  the  posterior  horn;  and  as  we  ascend  we 
nixl  that  this  degeneration  first  spreads  over  a  large  portitm  of  the  external 
p(«i(^rior  column,  and  then  invades  the  median  posterior  column ;  the  de- 
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geueration  does  not  affect  the  whole  of  the  median  p)>*jterior  column  but 
leaves  intact  a  small  dorsal  portion,  roughly  triangular  in  sha|)e,at  the  angle 
between  the  fiasnre  and  the  dorsal  surhure  of  the  cord,  as  well  aa  some  portion 
of  the  more  ventral  j>art  of  the  column  nearest  the  gray  commissure.  Still 
a  little  higher  up  we  shtjuld  find  that  degenerated  fibres  had  disappeared 
from  the  external  portion  of  the  external  posterior  column  close  to  the  gray 
matter,  though  ^ttlt  existing  in  the  more  median  [)art  of  that  column,  as  well 
ns  in  the  median  poaterior  enhimn  to  the  extent  jnsl  indicated.  Still  a  little 
higher  up  the  whole  of  the  degeneration  wonld  have  disappeared  from  the 
externa!  posterior  coUinin,  but  the  tract  of  degeneration  in  the  median  pos- 
terior column  would  remain,  the  extent  of  degeneration  l>eing  dependent  on 
the  numi>er  of  roots  which  had  been  divided.  Lastly,  by  carrying  the  sec- 
tions still  higher  up  the  cord  we  shouhi  he  able  to  trace  this  tract  in  the 
median  posterior  cohimn  right  up  to  the  bulb,  where  it  would  come  to  an 
end. 

If  we  divided  some  of  the  thoracic  nerves  instead  of  the  lumbar  we  should 
obtain  very  similar  results:  a  degeneration  of  the  external  posterior  columns 
a  little  above  the  entrance  of  the  roots,  spreading  across  the  column  toward 
the  median  line,  and  wholly  di8ap]>earing  at  a  certain  height  above,  accom- 
panied by  a  degeneration  of  a  part  of  the  median  posterior  column,  reaching 
from  a  litlle  distance  above  the  entrance  of  the  divided  nerve-roota  right  up 
to  the  bulb.  This  latter  tract  of  degeneration  would,  however,  not  occupy 
the  same  position  t&s  that  consequent  upon  division  of  ibe  lumbar  nerves;  its 
position  would  be  more  ventral,  nearer  the  gray  commissure,  and  rather  more 
lateral.  Compare  Fig.  li*2,  D,»  where  Ir.  indicates  the  degeneration  due  to 
section  of  the  lumbar  nerves,  and  dr.,  that  of  the  thoracic  nerves.  If  we 
divided  some  of  the  cervical  posterior  roots  we  should  get  similar  reaults. 
with  the  difference  that  the  tract  of  degeneration  in  the  median  jMjeterior 
columns  would  occupy  a  p^isitiMn  still  more  ventral  and  still  more  lateral 
(Fig.  18*J,  C,  c.r.),  while  if  we  divided  the  sacral  nerves  the  tract  of  de- 
generation would  be  dorsal  and  median  to  the  tract  belonging  to  the  lumbar 
nerves,  and  wimld  occupy  more  or  less  of  the  triangle  left  below  that  tract 
(Fig.  182,  I),  s.r.).  The  degeneration  it  will  be  understiXKl  is  in  all  cased 
contined  to  the  same  aide  of  the  cord  as  that  of  the  divided  roots.  We  may 
add,  in  order  to  complete  the  story  of  the  effects  of  division  of  the  poelerior 
roots,  that  the  section  leads  to  degeneration  of  the  marginal  zone  (Lissauer's 
tract),  but  thi.^  degeneration  reaches  for  a  certain  distance  only  up  tlie  cord 
and  then  disappears.  It  will  be  rememlMsred  that  this  zone  is  (en  by  fibres 
(of  tine  calibre)  belonging  to  the  external  or  lateral  bundle  of  the  poflterior 
roots. 

These  results  may  be  interpreted  as  follows:  The  (great  majority  of  the) 
fibres  of  the  jjosteriur  root,  cut  off  from  their  ganglion  by  the  division, 
degenerate  centri[)etally  toward  the  spinal  cord.  We  have  previously  seen 
that  many  of  the  fibres  of  the  root  pass  into  the  external  [wmterior  column 
and  run  up  in  that  column  for  some  distance.  The  degeneration  ohciterved  in 
this  column  for  some  distance  above  the  entrance  of  the  divided  roots  shows 
that  the  tibres  run  lengthways  for  some  distance  in  this  column,  while  the 
disappearance  of  the  degeneration  a  little  higher  u]>  similarly  shows  that  the 
fibres  eventually  leave  the  column.  The  np]>earance  of  degeneration  in  the 
median  posterior  column  shuws  that  t*ome  of  ilie#e  fdires  have  imaaed  into 
that  column  from  the  external  pfWterior  column,  and  the  continuation  of  thai 
degei»eration  right  up  tu  the  bulb  indicates  that  these  fibres  pursue  an 
unbniken  o^urse  in  that  column  along  the  whole  length  of  the  cord.  The 
area  of  degeneration,  or  more  exactly  the  number  of  degeneratetl  fibres  in 
the  continued  tract  of  degeueratiun  in  the  meiliuu  |)06terior  column  is  much 
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MM  than  that  in  the  temporary  or  short  tract  of  degeneration  in  the  ex- 
ternal poeterior  column.  This  shows  that  aome  only  of  the  fibres  patjeing 
into  the  external  posterior  coin  mn  goon  to  join  the  median  posterior  column 
and  so  reach  the  bulb;  the  rest  obvionely  take  another  path,  and  we  have 
already  seen  reason  to  think  that  many  of  these  end  in  the  gray  matter  of 
the  cord.  Hence  of  all  the  fibres  joining  the  cord  in  a  posterior  root,  while 
some,  and  these  we  may  add  are  chieHy  tine  fibres,  entering  the  gray  matter 
directly  or  passing  into  the  posterior  marginal  zone,  soon  make  such  con- 
nections that  the  degeneration  due  to  the  section  of  the  roots  spreads  no 
further,  a  large  number,  and  these  chiefly  coarse  fibres,  before  they  make  any 
such  conDection  pass  into  ami  occupy  for  some  length  of  the  cord  the  external 
posterior  column.  We  may  here  remark  that  though  these  fibres  are  spread 
over  the  greater  part  nf  this  column,  ihey  do  not  form  the  whole  of  the 
column;  they  are  mixed  up  with  fibres  of  a  difierent  nature  and  origin.  Of 
these  fibres  of  the  posterior  root  whioh  thus  run  in  the  external  posterior 
column  while  still  dependent  for  their  nutritive  activity  on  the  ganglion  of 
the  root,  some,  indeed  the  greater  part,  leave  the  tract  and  make  such  cod- 
nectioDs  in  the  gray  matter,  that  their  degeneration  ceases;  others,  forming 
the  smaller  part,  pass  into  the  median  posterior  column*  and  taking  up  a 
definite  position  in  that  column  pursue  an  unbroken  course  to  the  bulb. 

All  the  fibres,  therefore,  of  the  posterior  roots  do  not  end  in  the  gray 
matter  soon  after  their  entrance  into  the  ci>rd.  A  reprei<entative  of  each  root 
is  carried  right  up  to  the  bulb  by  means  of  tlie  median  posterior  column  ;  of 
the  axis-cylinders  whiuli  leave  the  ganglion  on  the  root,  a  certain  relatively 
amall  number  pursue  an  unbroken  course  fur  some  little  distance  through 
the  external  posterior  column,  and  for  the  rest  of  their  way  through  the 
median  posterior  column,  along  the  whole  length  of  the  cord  above  the 
entrance  of  the  root  until  they  find  an  ending  in  the  gray  matter  of  the  bulb. 
Further,  each  sjiinal  nerve  has  this  representative  of  its  posterior  root  placed 
in  a  definite  position  in  the  posterior  median  column,  the  arrangement  being 
such,  as  shown  in  Fig.  l''S2,  that  the  lower  (sacral)  nerves  find  their  place  in 
the  more  dorsal  and  me<linn  jmrt  of  the  column,  while  the  nerves  above  are 
•ucceaeively  place<l  in  positions  more  and  more  ventral  and  external. 

As  far  aa  our  knowledge  goes  at  present  we  are  led  to  believe  that  thifl 
median  posterior  tract  is  very  largely  made  up  of  fibres  having  this  origin. 
It  affords  a  channel  by  which  afferent  impulties  are  carried  straight  up  the 
cord  from  the  nerve-trunk  without  raakiug  connections  on  the  way.  We 
may  re|>eat  that  the  path  is  confined  to  the  same  side  of  the  cord  along  its 
nbole  length  ;  there  is  no  crossing  over  to  the  other  side. 

In  the  above  description  we  have  spoken  only  of  the  result  following  sec- 
tion of  the  posterior  roots  outside  the  cord  ;  but  it  will  be  understood  that 
Ktnilar  results  follow  upon  section  nf  or  injury  to  or  tlisease  of  the  cord  itself 
fttfectine:  the  poeterior  columns  or  the  bundles  of  the  routs  as  they  enter  the 
cord.  When  such  a  lesion  occurs  there  may  be  observed  in  the  region  of  the 
mrd  above  the  lesion  a  degeneration  of  the  external  posterior  column,  reach- 
ing some  little  distance  up,  and  a  more  limited  degeneration  of  a  part  of  the 
median  posterior  column  stretching  right  up  to  the  bulb.  The  position  and 
t<irm  of  the  tract  of  the  depeneration  in  the  median  posterior  column  will 
depend  on  the  level  of  the  lesion  along  the  length  of  the  cord,  according  as 
't  iatA*rrupts  the  ascending  representatives  of  the  sacral  nerves  only,  or  of 
t^be  lumbar  and  sacral  nerves,  or  of  the  dorsal  and  cervical  nerves  as  well. 
Aci>raplete  section  or  hemisection  of  the  cord  will  pnxluee  results  corre- 
'P^mding  to  the  division  on  both  sides  or  on  one  side  of  all  the  nerves  below 
^»e  section. 
Wti  may  add  that  while,  according  to  some  observers,  the  strand  of  fibres 
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belonging  to  a  particular  root  or  ^roup  of  roots  having  once  taken  up  lis 
position  in  the  median  posterior  column  remains  unchanged  until  it  reaches 
the  bulb:  according  toothers  it  diminishes  in  area,  some  of  its  fibres  makiog 
connections  in  the  cord  itaeif. 

^  679.  The  antero-lateral  aicending  tract  (Fig.  182,  asc.  a.  1.)  is  leas  well 
known  than  either  of  the  two  preceding;  it  is  also  more  diffuse,  that  is  to 
say,  the  fibres  undergoing  degeneration  are  more  largely  mixed  with  fibres 
of  a  different  nature  and  origin.  It  appears  to  extend  down  the  cord  to  a 
lower  level  than  the  cerebellar  tract,  but  its  lower  limit  has  not  yet  been 
accurately  determined.  Since  the  degeneration  taking  place  in  it  is  an 
ascending  ^me,  it  \\h»  been  inferred  that  it  serves  as  the  path  for  afferent, 
and  indeed  for  sensory  impulses.  Degeneration  in  it  is  seen  only  after 
section  or  injury  of  the  substance  of  the  cord  itself,  not  after  division  of  the 
posterior  roots.  If,  then,  it  is  to  be  regarded  as  a  channel  of  afferent 
impulses  passing  into  it  from  the  posterior  roots,  those  impulses  onist  pats 
into  it  along  those  fibres  of  the  posterior  root  which  find  secondary  trophic 
centres  in  some  part  of  the  gray  matter ;  in  this  respect  this  tract  reseniblea 
the  cerebellar  tract,  and  diners  from  the  median  posterior  tract.  The  latter 
is  the  direct  continuation  up  the  cord  to  the  bulb  of  such  fibres  as  are  still 
trusting  for  their  nutritive  activity  to  the  cells  of  the  ganglion  on  the 
posterior  root;  the  fibres  of  both  the  former  trust  for  their  nutritive  activity 
to  some  part  of  the  gray  matter  of  the  cord,  and  presumably  to  the  nerve- 
cells  of  that  gray  matter.  A  further  resemblance  between  theantero-lateral 
ascending  and  cerebellar  tracts  must  be  admitted,  if  future  researches  oon- 
firm  the  opinion  of  those  who  hold  that  the  former  like  the  latter,  at  the  top 
of  the  cord,  pass  along  the  reatiform  body  to  the  cerebellum.  Indeed,  under 
such  a  view  it  would  appear  probable  that  the  antero-lateral  tract  is  simply 
a  more  diffuse  and  outlying  part  of  the  cerebellar  tract. 

§  580.  We  may  now  briefly  pass  in  review,  somewhat  as  follows,  the  chief 
facts  which  we  have  learned  concerning  the  structure  of  the  spinal  conl, 
always  keeping  in  view  their  physiological  meaning. 

The  important  feature  of  the  spinal  cord  is  the  presence  of  what  we  have 
called  "  gray  matter,"  and  all  our  knowledge  goes  to  show  that  the  important 
powers  of  the  spinal  cord,  by  which  it  differs  from  a  thick  multiple  nerve, 
and  by  virtue  of  which  we  epeak  of  it  as  a  nervous  centre  or  series  of  centrvs, 
are  in  some  way  or  other  associated  with  this  gray  matter 

With  this  gray  matter  the  fibres  of  the  spinal  nerves  are  connected.  The 
greater  part  of  the  fibres  of  the  anterior  root  certainly  end  in  or  rather  take 
origin  from  the  gray  matter  close  to  the  attachment  of  the  root,  and  the  rest 
most  probably  join  the  gray  matter  at  no  great  distance.  The  fibres  of  the 
posterior  root  run,  as  we  have  seen,  for  some  little  distance  in  the  white 
matter,  but  if  we  except  the  special  bundle  which  runs  in  the  meilian  pos- 
terior tract  right  up  the  cord  to  the  bulb  without  joining  the  spinal  gray 
matter  at  all,  we  may  aay  that  the  fibres  of  the  posterior  root  also  join  the 
gray  matter  not  far  from  the  attachment  of  the  root. 

Morphological  reasons  lead  us,  as  we  have  seen,  to  regard  the  spinal  cord 
as  a  series  of  segments,  each  segment  corresponding  to  a  pair  of  nerves; 
and  even  in  the  spinal  eoni  nf  man  we  may  recognize  a  segmental  ground- 
work, obscured  though  this  is  by  fusion  and  overlaid  by  the  several  commis- 
sural tracts.  Each  segment  of  this  groundwork  we  may  concieve  of  as  a 
central  mass  of  gray  matter,  connected  on  each  side  with  an  anterior  and  a 
posterior  root,  thus  constituting  a  segmental  nervous  mechanism  capable  of 
carrying  nut  certain  functions. 

Such  a  segment  has  been  compared  to  a  ganglion,  but  it  differs  strikingly 
from  a  ganglion,  whether  of  the  posterior  root  or  of  the  splanchnic  system^ 
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than  for  lietermining  the  functions  of  the  groundwork  of  the  segmeDt  or  of 
the  fibres  receiving  impiiUeB  from  it. 

§  581.  The  segmental  groundwork  of  gray  matter  belonging  to  each  pair 
of  spinal  nerves  is  so  fused  with  thut  of  all  the  other  pairs  as  to  form  along 
ihe  whole  length  of  the  cord  a  mass  of  gray  matter  which  appears,  under 
certain  circnmstance^  at  all  events,  to  he  continuous  in  the  sense  that  impulses 
may  pass  in  all  directions  alon^  it-  But  eaoh  spinal  segment  is  in  ndditiou 
connected  by  means  of  tracts  of  white  matter  with  parts  more  or  less  distant. 
The  crossed  pyramidal  tract  is  such  a  longitudinal  commissural  tract,  con- 
necting apparently  each  spinal  segment  in  succession  with  a  certain  part  of 
the  cortex  of  the  cerebrntu.  We  have  reason  to  think,  as  we  shall  see  later 
on,  that  impulses  descending  this  or  that  fibre  or  group  of  fibres  of  this  tract 
pive  rise  to  the  issue  of  motor  impulses  along  this  or  that  fibre  or  group  of 
fibres  of  an  anterior  root.  We  do  not  at  present  know  what  is  the  exact 
manner  by  which  the  fibre  in  the  pyramidal  tract  is  connected  with  the  fibre 
of  the  anterior  mot.  It  seems  certain,  however,  that  the  connection  is  not 
in  the  form  of  a  fibre  isolated  from  the  rest  of  the  gray  matter,  continuing, 
eo  to  Bpeak,  the  pyramidal  fibre  into  a  cell  of  the  anterior  horn  whence  the 
fibre  of  the  anterior  root  issues.  Most  probably  the  pyramidal  fibre  makes 
connections  with  the  segmental  groundwork  spoken  of  above,  whether  with 
or  without  the  interventicm  of  a  cell  we  cannot  at  present  tell.  The  direct 
pyramidal  tract  is  a  like  tract  of  less  extent  downward,  and  the  less  known 
anterolateral  des(!ending  tract  is  probably  of  a  .similar  nature. 

The  cerebellar  and  anterodateral  ascending  tracts  are  in  like  manner  to 
be  regarded  as  longitudinal  commissures  between  the  successive  spinal  seg- 
ment l>elow  and  some  part  of  the  brain  above.  We  have  reason  to  think 
that  these  tracts  ctmvey  upward  impulses  of  a  nature  which  may  be  calletl 
afferent,  and  are,  therefore,  in  some  way  probably  connected  with  the  pos- 
terior roots.  We  do  not  know  as  yet  the  exact  nature  of  the  connection  ; 
but  probably  in  those  cases  also  the  commissural  fibres  are  united  not  directly 
ti^  the  posterior  fibres,  but  indirectly  by  means  of  the  segmental  groundwork. 
And  since  these  tracts  do  not  degenerate  after  section  of  the  posterior  roots, 
but  only  after  section  or  other  lesion  of  the  cord  itself,  we  may  infer  that 
their  junction  with  the  groundwork  is  efl^ected  by  means  of  trophic  cells,  by 
means  of  some  or  other  of  the  cell.s  spoken  of  a  little  while  before. 

The  median  posterior  tract  sieems  to  be  a  commissural  tract  of  a  nature 
different  from  any  of  the  above.  Through  it  a  certain  part  of  each  posterior 
root  is  brought  into  connection,  not  with  its  own  spinal  segment,  but  with  the 
bulb  above,  and  so  with  the  brain,  which  thus  receives  direct  representatives 
of  each  afferent  spinal  nerve.  If,  however,  as  some  maintain,  th6  bundle  in 
this  tract  starting  from  n  spinal  nerve  below  diminishes  as  it  proceeds  upward, 
throwing  off'  fibres  to  pasa  elsewhere,  though  always  carrying  some  fibres 
right  up  to  the  hnlh.  we  must  add  to  the  above  the  further  view  that  this 
tract  connects  also  each  posterior  rout,  not  with  its  own  segment,  but  with 
other  more  or  less  distant  segments. 

§  382.  All  the  evidence  which  we  possess  goes  to  show  that  each  strand  of 
each  of  these  tracts  runs  isolated,  that  is  to  say,  make^  no  connections  with 
Oiljtiining  structures  at  any  part  of  its  course,  from  its  beginning  or  end  in  the 
brain  and  its  end  or  beginning  in  its  appropriate  spinal  segment,  or  in  the  case 
of  the  median  posterior  tract  from  its  beginning  in  the  ganglion  of  a  poste- 
rior root  and  its  end  in  the  bulb  or  in  some  distant  spinal  segment.  In  the 
Gro68e<l  pyramidal  tract,  for  instance,  we  have  reason  to  think  that  one  or 
more  fibres  run  a  quite  unbroken  and  isolated  course  from  the  cortex  of  the 
cerebrum  through  various  partj^  of  the  brain,  along  the  whole  length  of  the 
cord  until  they  reach  the  lowcrmoat  spinal  segmental  mechanism.     These 
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tracts  serve  Id  no  way  to  coonect  one  Begniental  mechaDism  with  another. 
The  segmental  mechanisms  are,  however,  connected  together;  and  the  con- 
nections between  them  seem  to  be  of  two  kinds.  In  the  first  place,  oa  we 
have  already  suggested,  the  segmental  pieces  of  gray  matter  are  so  fused 
together  as  to  form  what  appears  to  be  a  continuity  of  grav  matter  from  one 
end  of  the  cord  to  the  other.  Though  we  cannot  actually  track  our  way 
hisloingically  through*  and  are  still  less  aware  of  the  physiological  nature  of 
the  labyrinth  of  nerve-cells,  fibres,  and  fibrils  which  make  up  what  we  have 
called  the  groundwork,  we  may  with  considerable  probability  assume  that 
the  passage  of  nervous  impulses  along  it  is  determine*!  as  much  by  the  con- 
dition of  the  material  as  by  its  anatomical  disposition  ;  that,  for  instance,  the 
restrictions  to  the  flow  of  an  impulse  are  brought  about  much  more  fre- 
quently by  the  refusal  of  the  molecules  of  nervous  matter  to  lake  up  the 
molecular  disturbance  which  is  the  essence  of  the  impulse ;  that  is  to  say,  by 
molecular  resistance  than  by  actual  breaks  of  continuity  in  the  nervous 
matter.  Indeed,  we  have  some  reasons  for  thinking  that  actual  structural 
continuity  of  nervous  material  is  not  e^eutial  to  functional  continuity  ;  that 
a  nerve  fibril,  for  instance,  may  produce  its  due  effect  on  another  nerve-fibril 
or  on  a  nerve-cell,  if  sufficiently  in  contact  with  it,  though  the  microscope 
fails  to  demonstrate  actual  continuity. 

But  besides  the  gray  nmlLcr  there  are  areas  of  white  matter  which  d<i  not 
belong  either  to  the  nerve-roots  as  these  are  making  their  way  into  the  gray 
matter,  or  to  any  of  the  tracts  which  we  have  mentioned.  These  comprise 
the  strands  of  fibres  which  do  not  undergo  either  ascending  or  descending 
degeneration  when  partsof  the  spinal  cord  are  injured  or  diseased.  Theare« 
of  white  matter  lefl  when  all  the  various  tracts  of  ascending  and  descending 
degeneration  detailed  above  are  taken  out,  seems  at  all  events  in  the  higher 
parta  of  the  cord  (Fig.  182).  relatively  small,  and  future  olmervatious  may 
continue  still  further  to  reduce  it;  but  it  must  be  remembered  that  none  of 
the  above-mentioned  tracts  are  "  pure ;"  they  are  all  more  or  less  mixed  up, 
and  some  largely  mixed  up,  with  fibres  which  do  not  degenerate.  Our 
knowledge  is  at  present  too  scanty  to  allow  us  to  make  any  statement  with 
confidence  concerning  the  function  either  of  the  fibres  forming  the  whit© 
matter  not  yet  marketl  out  into  tracta,  or  of  the  fibres  scattered  among  the 
acknowledged  tracts.  But  we  may,  at  all  events  provisionally,  assume  that 
these  fibres  serve  in  the  main  a^  commissures  connecting  the  successive  seg- 
mental mechanisms  with  each  other;  we  may  conclude  that  changes  taking 
place  in  one  segmenta.!  mechanism  can  by  means  of  these  fibres  produce 
correlated  changes  in  some  other  distant  segmental  mechanism,  without 
calling  into  action  any  of  the  gray  matter  of  the  intervening  segmeotal 
mechanisms. 

The  commissures  which  we  may  suppose  to  be  thus  furnished  by  white 
matter  are  longitudinal  comnnssurcs  connecting  the  segmental  mechanisms 
of  the  same  lateral  half  of  the  spinal  cord  with  each  other.  A  transveree 
connection  between  the  two  lateral  halves  is  afforded  io  some  measure  by  the 
anterior  white  commissure.  We  shall  see,  however,  later  on,  reasons  for 
thinking  that  many  impulses  besides  those  passing  along  the  anterior  com- 
missure cross  from  one  side  of  the  cord  to  the  other  ;  and  theee,  whether  they 
pass  along  distinct  fibres  or  along  the  general  groundwork,  must  travel  by 
the  gray  matter  of  the  isthmus  forming  the  anterior  and  posterior  gray  com- 
miasures. 

Thus,  as  far  as  we  can  see  at  present,  the  spinal  cord  ccmsists  of  a  seriee  of 
segmental  mechanisms  with  their  respective  afferent  and  efferent  roots  (the 
gray  matter  of  the  several  segments  being  continuous  along  the  cord),  of 
encephalic  ties  of  white  matter  between  the  several  segments  and  the  brain, 
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of  loKigitudinal  commissural  tracts  connecting  together  the  several  segmental 
mechanisms,  and  of  trauaveree  commissuree  running  largely  In  the  gray 
matter. 


TuE  Reflex  Actions  of  the  Spinal  Cord. 

§  583.  In  the  preceding  portions  of  this  work  we  have  repeatedly  seen 
that  chough  we  can  learn  much  concerning  the  working  of  an  organ  or  tissue 
or  part  of  the  body  by  studying  its  behavior  when  isolated  from  the  rest  of  the 
1>oay,all  the  conclusions  thus  gained  have  to  be  chucked  by  a  study  of  the 
behavior  of  the  same  organ  or  part  while  it  is  still  an  integral  part  of  the 
intact  body.  All  the  several  organs  nud  tissues  are  so  bound  together  by 
various  ties  that  the  actions  of  each  depend  on  the  actions  of  the  rest;  and  to 
say  that  the  life  of  each  part  is  a  function  of  the  life  of  the  whole,  is  no  less 
true  than  to  say  that  the  life  uf  the  whole  is  a  function  of  the  life  of  each 
part.  This  is  especially  borne  in  upon  us  when  we  cume  to  study  the  actions 
of  the  central  nervous  system.  We  may,  on  anatomical  grounds,  separate 
the  spinal  cord  from  the  brain  ;  but  when  we  come  to  consider  the  respective 
functions  of  the  two,  we  are  brought  face  to  face  with  the  fact  that  iu  actual 
life  a  large  part  of  the  work  of  the  brain  is  carried  out  by  means  of  tbe  spinal 
cord,  and  conversely  the  spinal  cord  does  its  work  habitually  under  the  intiu- 
eooe  of,  if  not  at  the  direct  bidding  of,  the  brain.  We  may  gain  certain  con- 
clusions by  studying  the  behavior  of  the  spinal  cord  isolated  from  tho  brain, 
or  of  parts  of  the  spinal  cord  isolate<l  from  each  other ;  but  we  must  be  even 
more  cautious  than  when  we  were  dealing  with  other  parts  of  the  body,  and 
must  greatly  hesitate  to  take  it  for  granted  that  the  work  which  we  can 
make  the  spinal  cord  or  a  part  of  the  spiual  cord  do,  when  isolated  from  the 
brain,  is  the  work  which  is  actually  done  in  the  intact  body  when  the  brain 
mod  spinal  cord  form  an  unbroken  whole.  Moreover,  this  caution  becomes 
increasingly  necessary  when  in  our  studies  we  pass  from  the  simpler  nervous 
0yst«mof  one  animal  to  the  more  complex  nervous  system  of  another :  for  it 
is  by  the  complexity  of  their  central  nervous  systems,  more  than  by  anything 
else<  that  the  "  highest "  animals  are  differentiated  from  those  "  below  "  them. 
When  we  compare  a  rabbit,  a  dog,  a  monkey,  and  a  man,  the  differences  in 
the  vascular,  digestive,  and  respiratory  systems  of  the  four,  striking  as  they 
may  appear,  sink  into  insignificance  compared  with  the  differences  exhibited 
by  their  respective  ceutral  nervous  systems.  We  need  caution  when  from 
the  results  of  experiments  on  dogs  or  rabbits  we  draw  conclusions  as  to  the 
digestion  or  circulation  of  man,  but  we  need  far  greater  caution  when  from 
the  behavior  of  the  isolated  spinal  cord  of  one  of  these  animals  we  infer  the 
behavior  of  the  intact  spinal  cord  of  man. 

A  further  difficulty  meets  us  when  an  experimental  inveetigatiuu  entails 
of>erative  interference  with  the  central  nervous  system.  Removal  or  section 
of,  or  other  injury  to  parts  of  the  brain  or  spinal  conl  is  very  apt  to  give  rise 
in  varying  degree  to  what  is  known  as  "  shock."  The  cutting  or  tearing  or 
other  fesion  of  any  ctmsiderable  mass  of  nervous  substance  affects  the  activity, 
DQl  only  of  the  structures  immediately  injured,  but  of  other,  it  may  be  far 
distant  structures.  The  nature  of  "  shock  "  is  not  as  yet  thoroughly  under- 
atood,  but  may  perhaps.  In  part  at  all  events,  be  explained  by  regarding  the 
lesion  as  a  very  |>owerful  stimulue.  which,  partly  by  way  of  inhibition  but 
•til)  more  by  way  of  exhaustion,  depresses  or  suspends  for  a  while  normal 
fuDOtioDs,  and  thus  gives  rise  to  temporary  diminution  or  loss  of  conscious- 
nOM,  of  volition,  of  reOex  tnovemeuts  and  other  nervous  actions.  Thus  a 
Motion  through  the  spiual  cord,  even  when  made  with  the  shar|>est  instru- 
meDt  and  with  the  utmost  skill,  so  as  to  avoid  all  bruising  as  much  as  poesi- 
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ble.  may  for  a  while  suspend  all  reflex  activity  of  the  cord,  or  indeed  all  the 
obvious  activities  of  the  whole  central  nervous  system.  We  may  add  ihat 
auch  a  "shock "of  the  central  nervous  system  may  also  be  produced  by 
sudden  lesions  not  bearing  directly  on  the  central  nervous  system,  a8  for 
instance  by  extensive  injury  to  a  limb. 

Moreover,  in  manv  caijea  in  which  the  eHects  of  experimental  interference 
have  been  watcheH  ior  son»e  considerable  time,  days,  months,  or  years  after 
the  operattut),  it  has  been  observed,  on  the  one  hand,  that  phenomena  which 
are  conspicuous  in  the  early  period  may  eventually  disappear,  and,  on  the 
other  hand,  that  activities  which  are  at  first  absent  may  later  on  make  their 
ap|>earauce  ;  movements  for  instaucc  which  are  at  Hrst  frequent  after  awhile 
die  away,  and  conversely,  movements  which  at  lirst  seemed  impoasible  are 
later  on  easily  achieved.  We  have  to  distinguish  or  to  attempt  to  distin- 
guish between  the  temporary  and  the  lasting  elTectsof  the  operation,  includ- 
ing among  the  tV>rmer  not  only  those  of  ordinary  "shock,"  but  others  of 
slower  development  or  longer  duration.  In  many  instances  where  a  part  of 
the  central  nervous  system  is  by  section  or  otherwise  suddenly  separated 
from  the  reat,  the  phenomena  suggest  that  the  separated  part  is  at  first  |>ro- 
foundly  iufluence(i  as  to  its  activities  by  the  withdrawal  of  various  influences 
which  previously  w^ere  being  exerted  upon  it  by  the  rest  of  the  system,  but 
later  on  accommodates  itself  to  the  new  conditions,  and  learns,  so  to  speak, 
to  act  without  the  help  of  those  influences.  And  indeed  it  is  possible  that 
some  of  the  effects  of  even  immediate  "shock  "  may  be  due,  not  as  suggwfted 
above,  to  the  action  of  an  inhibitory  or  exhausting  stimulus,  but  to  the 
sudden  cessation  of  habitual  influences. 

Still,  in  spite  of  all  these  diflicultiea,it  is  possible  not  only  to  ascertain  the 
working  of  an  isolated  portion  of  the  central  nervous  system,  but  even  to 
infer  from  the  results  some  cuuclusious  as  to  the  share  taken  by  that  portion 
in  the  working  of  the  entire  and  intact  system.  There  can  he  no  doubt,  for 
instance,  that  the  spinal  cord  can,  quite  apart  from  the  brain,  carry  out 
various  reHex  actions,  and,  moreover,  it  does  carrv  out  actions  of  this  kind 
when  in  the  intact  organism  it  is  working  in  contact  with  the  brain.  Indee^l, 
the  carrying  out  oi  various  reflex  actions  seems  to  be  one  of  the  most  impor- 
tant functions  of  the  spinal  cord,  so  much  so  that  though  the  brain  or,  at 
leaiit,  parts  of  the  brain  can  also  and  do  develop  reflex  actions,  the  spinal 
cord  offers  the  best  field  for  the  study  of  these  actions.  We  have  already 
($  101)  touched  on  the  general  features  of  reflex  actions,  and  elsewhere  have 
incidentally  dwelt  on  particular  instances ;  we  may  therefore  confine  our- 
selves now  to  certain  |>ointa  of  special  interest. 

§  584.  Reflex  movements  are  perhaps  best  studied  in  the  frog  and  other 
cold-blooded  animals,  since  in  these  the  actions  of  the  cord  are  less  dependent 
on,  and  hence  less  obscured  by  the  working  of,  the  other  parts  of  the  central 
nervous  systera.  They  obtain,  however,in  the  warm-blnoded  mammal  also,  but 
in  these  special  preparations  are  necessary  to  secure  their  full  development. 
In  the  frog  the  sliock,  which,  as  we  have  said,  follows  upon  division  of  the 
spinal  cord  and  for  a  while  suspends  reflex  activity,  sorm  passes  away;  within 
a  very  short  time  after  the  bulh  for  instance  has  been  divided  the  most  com- 
plicated reflex  movements  can  be  carried  on  by  the  frog's  spinal  corri  when 
the  appropriate  stimuli  are  applied.  With  the  mammal  the  caw  is  very 
diflerent.  For  days  even  after  division  of  the  spinal  ord  the  parts  of  the 
body  supplied  by  nerves  springing  from  the  cord  l>elow  the  section  may  ex* 
hibit  very  feeble  reactions  only.  In  the  dog,  for  instance,  after  divisiou  nf 
the  spinal  cord  in  the  lower  dorsal  region,  the  hind  limbs  bang  flaccid  and 
motionless,  and  pinching  the  hind  foot  evokes  as  a  response  either  slight 
irregular  movements  or  none  at  all.     Indeed,  were  our  ooservations  limited 
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to  this  period  we  might  infer  that  the  reflex  actions  of  the  spinal  conl  iu  the 
mainuial  were  but  feeble  and  iusigniBcant.  If,  however,  the  animal  be  kept 
alive  ftir  a  longer  period,  for  weeks,  or  better  still  for  months,  thoujjh  no 
union  or  regeneration  of  the  spinal  cord  takes  place,  reflex  movements  of  a 
powerful,  varied, and  complete  character  manifest  theniselvf^  in  the  hind 
limbs  and  hinder  parls  of  the  bndy  ;  a  very  feeble  stimulus  Ri>plie(i  to  the 
skin  of  these  regions  promptly  pives  rise  to  extensive  and  yet  coordinate 
tDOvementfl.  Indeed,  the  more  the  matter  is  stu'lied,  the  stronger  is  the  evi- 
dence that  the  retlex  movements  carried  out  by  isolated  portions  of  the  spinal 
cord  of  the  mammal  are  hardly  less  definite,  complete,  and  purposeful  than 
tho«e  witnessed  in  the  frog.  It  is  worthy  of  attention,  as  bearing  out  the 
remarks  made  above  on  the  great  diflerentialion  of  the  central  nervous  system 
in  the  higher  animals,  that  the  reflex  phenomena  in  mammals  vary  very 
much  not  only  in  different  species  but  also  in  ditterent  individuals  and  iuthe 
■ame  individual  under  different  circumstances.  Race,  age,  and  previous 
training  »eem  tt>  have  a  marked  effect  in  determining  the  extent  and  char- 
acter of  the  reflex  actions  which  the  spinal  cord  is  capable  of  carrying  out ; 
and  these  leem  also  to  be  largely  influenced  by  passing  circumstances,  such 
as  whether  food  has  been  recentlv  taken  or  not.  It  has  been  asserte<l  that 
the  isolated  spinal  cord  of  the  rabbit,  which  has  been  the  subject  of  so  many 
experiments,  IS,  as  compared  with  that  of  the  dog  and  many  other  mammals, 
singularly  deficient  in  the  power  of  carrying  out  complex  reflex  movements. 

In  studying  reflex  actions  in  man  we  are  met  with  the  difficulty  that  we 
never  have  to  deal  with  a  portion  of  the  Hj^inal  corfl  separated  from  the  rest 
of  the  central  nervous  system  under  the  favorable  circumstances  of  experi- 
mental investigation.  In  man,  we  must  be  content  to  examine  reflex  actions 
either  while  the  whole  nervous  system  is  intact,  or  when  a  portion  of  the  cord 
has  been  wholly  ur  partially  separated  by  some  more  or  less  diffuse  disease 
or  by  some  accident  involving  more  or  less  crushing  of  the  nervous  structures. 
Hence,  the  caution  already  given,  as  to  drawing  inferences  concerning 
man  from  the  results  of  experiments  on  animals,  acquires  still  greater 
force. 

J  586.  Confining  ourselves  at  first  lo  the  results  of  experiments  on  animals 
we  may  say  that  in  both  cold-blooded  and  warm  blutxled  animals  the  salient 
feature  of  ordinary  reflex  actions  is  their  purposeful  character,  though  every 
rariety  of  movement  may  be  witncBsed,  from  a  simple  spasm  to  a  most  com- 
plex  manoeuvre.  And  in  all  reflex  movements,  both  simple  and  complex, 
we  can  recognize  certain  determining  influences  which  more  or  leaa  directly 
contribute  to  the  shaping  of  this  purposeful  character. 

Thus  the  features  of  any  movement  taking  place  as  part  of  a  reflex  action 
are  in  part  determined  by  the  characters  of  the  afferent  impulses.  Simple 
nervous  impulses  generated  by  the  direct  stimulation  of  afferent  nerve-fibret 
generally  evoke  as  reflex  movements  merely  irregular  Hpasms  in  a  few 
muscles;  whereas  the  more  complicated  differentiated  sensory  impulses  gen- 
erated by  the  application  of  the  stimulus  to  the  skin,  readily  give  rise  to 
large  and  purposeful  movements.  It  is  easier  to  produce  a  complex  reflex 
action  by  a  slight  pressure  on  or  other  stimulation  of  the  skin  than  by  even 
strong  induction-shocks  applied  directly  to  a  nerve-trunk.  If  in  a  brainless 
frog,  the  area  of  skin  supplied  by  one  of  the  dorsal  cutaneous  nerves  be  sepa- 
rated by  section  from  the  rest  of  the  skin  of  the  back,  the  nerve  being  left 
attached  to  the  piece  of  skin  and  carefully  protected  from  injury,  it  will  be 
found  that  slight  stimuli  applied  to  the  surface  of  the  piece  of  skin  easily 
evoke  reflex  actions,  whereas  the  trunk  of  the  nerve  niav  be  stimulated  with 
even  strong  currents  without  producing  anything  more  t)ian  irregular  move- 
ments.    In  ordinarv  mechanical  and  chemical  stimulation  of  the  skin  it  is 


714 


THE    SPINAL    CORD 


not  a  single  impulse  but 


riefi  of  impuleea  which  passes  upward  along  the 
sensory  nerve^the  changes  in  which  may  be  compared  to  the  changes  in  ft) 
motor  uerve  during  tetanus.  In  every  reflex  action,  in  fact,  the  central 
mechantsm  may  bo  looked  upon  as  being  thrown  into  activity  through  ai 
summation  of  the  aiferent  impulses  reaching  it.  Hence  while  a  reflex  dctionj 
is  rea4iily  called  forth  by  even  feeble  induction-shocks  applied  to  the  skinj 
if  they  be  repeated  sufficiently  rapidly,  ft  solitary  induction-shock  is  in 
fectual  unless  it  bestroug  enough  to  cause  in  the  skin  or  nerves  changes  oi 
an  electrolytic  nature  sufficient  to  give  rise  of  themselves  to  a  series  of  ini' 
pulses. 

^  586.  When  a  muscle  is  thrown  iuto  contraction  iu  a  reflex  action.  th< 
pitch  of  the  sound  which  it  gives  forth  does  not  vary  with  the  stimulus,  bu( 
is  constant,  being  the  same  atj  that  given  forth  by  a  muscle  thrown  into  con- 
traction by  the  will.  From  which  we  infer,  even  bearing  in  mind  the  di 
cussion  in  §  80  concerning  the  nature  of  the  muscular  sound,  that  in  a  refle] 
actifin  the  afferent  impulses  do  not  simply  pass  through  the  centre  in  the 
same  way  that  they  pass  along  aflerent  nerves,  but  are  profoundly  modified. 
And  in  accordance  with  this  we  find,  as  we  shall  see,  that  a  reflex  action 
takes  up  an  amount  of  time,  the  greater  part  of  which  is  spent  in  the  carry- 
ing out  of  the  central  changes,  and  which  though  variable  is  always  much 
longer,  and  may  be  very  much  longer,  than  that  taken  up  by  the  mere 
passage  of  a  nervous  impulse  along  a  corresponding  length  of  nerve-fibre. 
The  term  reflex  action  is  therefore  an  unsuitable  one.  The  afferent  impulse 
is  not  simply  reflected  or  turned  aside  into  an  efi^erent  channel  ;  on  it«  arrival 
at  the  centre,  it  starts  changes  of  a  diHerent  nature  from  and  more  complex 
than  its  own  ;  and  the  issue  of  efferent  impulse  is  the  result  of  those  more 
complex  changes  not  the  mere  continuation  of  the  simpler  afferent  impulse. 
Iu  other  words,  the  interval  between  the  advent  at  the  cental  organ  of 
aflerent,  and  the  exit  from  it  of  efferent  impulses,  is  a  busy  time  for  the 
nervous  substance  of  that  organ  ;  during  it  nmuy  processes,  of  which  we  have 
at  present  very  little  exact  knowledge,  are.  being  carried  on. 

§  687.  The  character  of  the  movement  forming  part  of  a  reflex  action  is 
also  influenced  hy  the  intensity  of  the  stimulus.  A  slight  stimulus,  such  as 
gentle  contact  of  the  skin  with  some  body,  will  produce  one  kind  of  move- 
ment ;  and  a  stmug  stimulus,  such  as  a  sharp  prick  Hpp1ie<l  to  the  same  spot 
of  skin,  will  call  forth  tjuile  a  different  movement.  When  a  decapitatwi 
snake  or  newt  is  suspended  and  the  skin  of  the  tail  slightly  touched  with  the 
finger,  the  tail  bends  toward  the  tinger  ;  when  the  skin  is  pricked  or  burnt, 
the  tail  is  turned  away  from  the  offending  object.  And  so  in  many  other 
instances.  It  must  be  remembered.of  course,  that  a  difference  in  the  inteneity 
of  the  stimulus  entails  a  difference  in  thecharactersof  the  eflferent  impulses  ; 
gentle  contact  gives  rise  to  what  we  call  a  sensation  of  touch,  while  a  sharp 
prick  gives  rise  to  pain,  consciousness  l)eing  differently  aff^ected  in  the  two 
cases  because  the  afferent  impulses  are  different.  Ilence  the  instances  in 
question  are  in  reality  fuller  illustrations  of  the  dependence,  to  which  we 
called  attention  above,  of  the  characters  of  a  reflex  movement  on  the  char- 
acters of  the  aflerent  impulses. 

Further,  aa  we  have  already  pointed  nut  (^  101 ),  while  the  motor  impulses 
started  by  a  weak  stimulus  applied  to  an  aflerent  nerve  are  transmitted  along 
a  few,  those  started  by  a  stmng  stimulus  may  spread  to  many  eff*erent  nerves. 
Granting  that  any  particular  afferent  nerve  is  more  especially  associated  with 
certain  etferent  nerves  than  with  any  others,  so  that  the  reflex  impulses  gen- 
erated by  afferent  impulses  entering  the  cord  by  the  former  pass  with  the 
least  resistance  down  the  latter,  we  must  evidently  admit  further  that  other 
efferent  nerves  are  also,  though  less  directly,  connected  with  the  same  aflTer- 
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eot  Derve^  the  passage  into  the  secomi  etterent  nerve  inceltug  with  a  greater 
but  not  an  insuperable  reaistance.  When  a  frog  is  poiaoned  with  strychnine, 
a  slight  touch  on  any  part  of  the  skin  may  cause  convulsions  of  the  whole 
body  ;  that  is  to  say,  the  aiferent  impulses  passing  along  any  single  atierent 
nerve  may  give  rise  to  the  iliacharge  of  efferent  impulses  along  any  or  all  of 
the  elfereut  nerves.  This  proves  that  a  physiological  if  not  an  anatomical 
continuity  obtains  l)et\veen  all  the  parts  of  ihe  spinal  cord  which  are  con- 
cerned in  reflex  action^  that  the  nervous  network  intervening  between  the 
afferent  and  etierent  tibres  forms  along  the  whole  length  of  the  cord  a  func- 
tionally continuous  field.  This  continuous  network,  however,  we  must  sup- 
pose to  be  marked  out  into  tracts  presenting  greater  or  leas  resiatance  to  the 
progress  uf  the  impulses  into  which  utTerent  impulses,  coming  along  this  or 
that  atierent  nerve,  are  transformed  tm  iheir  advent  at  the  network ;  aud 
accordingly  the  path  of  any  series  of  impulses  in  the  network  will  be  deter- 
mined largely  by  the  energy  of  the  atTerent  impulses.  And  the  action  of 
strychnine  may  be  in  part  explained  by  eupixwiiig  that  it  reiluccs  aud  equal- 
izes the  normal  resistance  of  this  network,  so  that  even  weak  impulses  travel 
over  all  its  tracts  with  great  ease. 

§  588.  Further,  the  movement,  forming  part  of  a  reflex  action,  varies  in 
character  according  to  the  particular  part  of  the  body  to  which  the  stimulus 
is  applied.  The  rellex  actions  develoL»ed  by  stimulation  of  the  internal  vis- 
cera are  different  from  those  excited  by  stimulation  of  the  skin.  We  have 
reason  to  think  that  the  contraction  of  or  other  changes  in  a  skeletal  muscle 
may  produce,  by  reflex  action,  contractions  of  other  muscles ;  and  such  reflex 
actions  also  difler  from  those  started  by  stimulaLion  of  the  skin.  In  reflex 
actions  started  by  applying  a  stimulus  to  the  akin  the  movements  vary  largely 
according  to  the  particular  area  of  the  skin  which  is  aflected.  Thus,  pinch- 
ing the  folds  of  skin  surrounding  the  anus  of  the  frog  produces  diflerent 
e^cts  from  those  witnessed  when  the  flank  or  toe  is  pinched  ;  and.  speaking 
generally,  the  stimulation  of  a  particular  spot  calls  forth  particular  move- 
ments. In  the  case  of  the  simpler  reflex  movements,  it  appears  to  be  a  gen- 
eral rule  that  a  movement  sturted  by  the  stimulation  of  a  sensory  surface  or 
region  on  one  side  of  the  body  is  develojied  ^m  the  same  side  of  the  body, 
Ukd  if  it  spreads  to  the  other  side,  still  remains  mt>st  intense  on  the  same  side  ; 
the  movement  on  the  other  side  moreover  is  symmetrical  with  that  on  the 
tame  side.  It  has  been  maintained  that  *' crossed  "  or  diagonal  reflex  move- 
ments, as  where  stimulation  of  one  fore-foot  leads  to  movements  of  the  oppo- 
site hind-limb,  do  not  occur  unless  some  portion  of  the  bulb  be  left  attached 
to  the  spinal  cord.  Seeing  that  locomotion  in  four-footed  animals  is  largely 
eflfected  by  diagonal  movementsof  the  limbs,  one  would  rather  have  expected 
la  And  the  spinal  cord  itself  provided  with  mechanisms  to  assist  in  carrying 
them  out ;  and,  indee<i.  it  is  ajfirmed  that  in  the  case  of  cold-blooded  animals 
aodof  many  young  mammals,  atler  division  of  the  spinal  cord  below  the  bulb, 
A  gentle  stimulation  will  provuke  a  diagonal  movement,  slight  pressure  on 
**De  fore-foot  for  example  giving  rise  to  movements  in  the  opposite  hind-leg; 
a  strong  stimulus,  however,  will  produce  an  ordinary  one-smcd  movement. 
Again,  when  in  a  dog  the  cor<l  has  been  divided  in  the  lower  thoracic  region 
so  that  the  hind  limbs  depend  on  the  lumbar  cord  alone,  a  rhythmically 
repeated  drawing  up  aud  letting  down  of  the  hind  limbs  is  witnessed  when 
these  are  allowed  to  hang  down  ;  and  these  movements,  which  appear  to  be 
of  a  reflex  nature  excited  by  the  pendent  position  of  the  limbs,  are  olleu  seen 
to  alternate  regularly  in  the  two  limbs,  ttie  right  leg  1)eing  extende<l  white 
the  left  leg  is  being  drawn  up  and  vic£  versa.  It  may  further  be  observed 
that  if  the  foot  of  one  pendent  Itmb  be  pinched  while  the  other  limb  is  pas- 
sively flexed  the  flexion  of  the  limb  which  is  pinched  is  accompanied  by  an 
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extension  of  the  other  limb.     In  theae  respects,  however,  difi*erent  animali 
as  already  urged,  differ  from  each  other. 

|i  589.  From  these  and  aimilar  phenomena  we  may  infer  that  the  nervous 
network  spoken  of  above  i»,  so  to  speak,  mapped  out  into  nervous  raechan- 
isme  by  the  e^tablLshmeut  uf  lines  of  greater  or  less  resistance,  so  that  the 
ilisturbances  in  it  generated  by  certain  afferent  impuhea  are  directed  into 
certain  etiereut  chfluiiels.  It  may  be  added  that  though  conspicuously  pur- 
pHiBcful  movements  seem  to  need  tho  concurrent  action  of  several  segments  o J 
the  cord,  and  as  a  rule,  the  greater  the  length  of  the  cord  involved  the  moi 
complex  nnrl  the  more  distinctly  purposeful  the  movement*  still  the  move- 
ments evoked  by  even  a  segment  of  the  cord  may  be  purposeful  in  character ; 
hence  we  must  conclude  that  every  segment  of  the  nervous  network  is 
mapped  out  into  mechanisms.  But  the  arrangement  of  those  mechanisms, 
especially  of  the  more  complex  ones,  is  not  a  fixed  and  rigid  one.  We  can- 
not always  predict  exactly  thu  nature  of  the  movement  which  will  result! 
from  the  stimulation  of  any  particular  spot,  because  the  result  will  varyj 
according  to  the  cimdition  of  the  spinal  cord,  e8[)ecia]]y  in  relation  to  th< 
strength  and  character  of  the  stimviUis.  Moreover,  under  a  change  of  cii 
cumstances  a  movement  quite  different  fmm  the  normal  one  may  make  i1 
ap|>earauce.  Thus  when  a  drop  of  aciti  is  placed  on  the  right  flank  of  a 
brainless  frog,  the  right  foot  is  almost  invariably  used  to  rub  off  the  acid  ; 
in  this  there  appears  mtthiug  mure  than  a  mere  "  mechanical  "  reflex  action. 
If.  however,  the  right  leg  he  cut  off,  or  the  right  foot  be  otherwise  hindered 
from  rubbing  off  the  acid,  the  lefl  foot  is,  under  the  exceptional  circum- 
stances, U8C«{  for  the  purpose.  This  at  first  sight  looks  like  an  intelligent, 
choice.  A  choice  it  evidently  is  ;  and  were  there  many  instances  of  choi* 
and  were  there  any  evidence  of  a  variable  automatism,  like  that  which  we' 
call  "  volition,"  being  manifested  by  the  spinal  cord  of  the  frog,  we  should 
be  justified  in  supposing  that  the  choice  was  determined  by  an  intelligence. 
But,  as  we  shall  have  occasion  later  on  to  point  oulj  a  frog,  deprived  of  its 
brain  so  that  the  spinal  cord  only  is  left,  makes  no  spontaneous  movemenls 
at  all.  Such  an  entire  absence  of  apontaneitv  is  whoUy  inconsistent  with  the 
possession  of  intelligence.  Then  again  the  above  experiment,  if  not  the  only 
instance,  is  at  all  events  by  far  the  most  striking  instance  of  choice  on  the 
part  of  a  brainle^.s  frog.  We  are,  therefore,  led  to  conclude  that  the  phentv 
mena  must  be  explained  iu  some  other  way  than  by  being  referred  to  the 
working  of  an  intelligence.  Moreover,  this  conclusion  is  supported  by  the 
behavior  of  other  animals.  Thus  similar  vicarious  reflex  movements  may 
be  witnessed  in  mammals,  though  not  [>erhaps  to  such  n  striking  extent  as 
in  frogs.  In  dogs,  iu  which  partial  removal  of  the  cerebral  hemispheres  haa 
apparently  heightened  the  reflex  excitability  of  the  spinal  cord,  the  remark- 
able scratching  movements  of  the  hind  leg  which  are  called  forth  by  stinuw 
lating  a  particular  spot  on  the  loins  or  side  of  the  body,  are  executed  by  the 
leg  of  the  opposite  side,  if  the  leg  of  the  same  side  be  gently  held.  In  this 
case  the  vicarious  movements  are  ineffectual,  the  leg  not  being,  as  in  the  case 
of  the  frog,  crossed  over  so  as  to  bear  on  the  spot  stimulated,  and  cannot  be 
considered  as  betokening  intelligence.  Again,  the  "  mechanical  "  nature  of 
reflex  actions  is  well  illustrated  by  the  l)ehavior  of  a  decapitated  snake. 
When  the  body  of  the  animal  in  this  condition  is  brought  into  contact  at 
several  places  at  once  with  an  arm  or  a  stick,  complex  reflex  movements  are 
excited,  the  obvious  purpose  as  well  as  eH'ect  of  which  is  to  twine  the  body 
round  the  object.  A  decapitated  snake  will,  however,  with  e<|ual  and  fatal 
readiness  twine  itself  round  a  red-hot  bar  of  iron,  which  is  made  to  touch 
its  skin  in  several  places  at  the  game  lime. 

§  590.  In  considering  the  nature  of  the  events  in  the  spinal  cord  which 
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'mine  the  behavlur  of  the  frog  in  the  iuatance  just  mentiouetl  we  must 
in  mind  that  the  innveiiients  in  question  are  "coi>nlinate(l ; "  that  is  to 
■aj,  uot  only  are  many  distinct  muscles  brought  into  flay,  but  certain  rela- 
tione are  maintained  between  the  amount,  duration,  and  exact  time  of  occur- 
rence of  the  contraction  of  each  muscle  and  those  of  the  contractions  of  its 
fellow  muscles  sharing  in  the  muvemeiit.  In  the  absence  of  such  coiirdina- 
lioD  the  movement  would  become  irregular  nud  inettectual.  We  .shall  have 
uccaeioa  later  on  in  dealing  with  voluntary  movements  to  point  out  that  the 
coordination  and  hence  the  due  accomplishment  of  a  volinitary  movement 
is  dependent  on  certain  afferent  impulses  passing  up  from  the  contracting 
Diuscues  to  the  central  nervous  system,  and  guiding  the  discharge  of  the 
cHerent  impulses  which  call  forth  the  contractions.  When  these  afferent  im- 
pulsea  affect  consciousness  we  speak  of  them  as  constitutiug  a  "  nmscular 
aeosB : "  it  is,  as  we  shall  see^  by  the  "  muscular  sense  '*  that  we  become  aware 
of  and  can  appreciate  the  condition  of  our  muscles.  But  we  have  reason  to 
think  that  the  afferent  impulses  which  coustitute  the  basis  of  the  muscular 
a«*nse«  whatever  be  their  exact  nature,  in  order  to  play  their  part  in  bringing 
about  the  co(Jrdination  of  a  voluntary  movement  need  not  pass  right  up  to 
the  brain  and  develop  a  distinct  muscular  "sense,"  but  may  produce  tneir 
€Hect  by  working  on  the  nervous  mechanisms  of  the  spinal  cord  with  which 
the  motor  6bres  carrying  out  the  movement  are  connected,  lu  other  words, 
the  coordination  of  a  voluntary  movement  takes  place  in  the  part  of  the 
spinal  cord  which  carries  out  the  movement,  and  not  in  the  brain,  though 
tne  latter  may  be  conscious  of  the  whole  movement  including  its  coordination. 

But  if  the  spinal  cord  possesses  mechanisms  for  carrying  out  coordinated 
movements,  which  in  the  case  of  voluntary  movements  are  discharged  by 
nervous  impulses  descending  from  the  brain,  we  may  infer  that  iu  reflex 
ftctioDS  the  same  mechanismt?  are  brought  into  action  though  they  are  dis- 
charged by  atTerent  impulses  coming  along  afferent  nerves  instead  of  by 
impulses  descending  from  the  brain.  The  movements  of  reflex  origin,  in  all 
their  features  except  their  exciting  cause,  appear  identical  with  voluntary 
movemeota;  the  two  can  only  be  distinguisherl  from  each  other  by  a  knowl- 
edge of  the  exciting  cause.  And  it  seems  unreasonable  to  suppose  that  the 
apinftl  cord  should  poasess  two  sets  of  mechanisms  iu  all  respects  identical, 
save  (hat  the  one  is  discharged  by  volitional  impulses  from  the  brain  and  the 
other  by  aflerent  impulses  from  afferent  nerves. 

We  are  le*l  therefore  to  the  conclusion  that  in  a  reflex  action  two  kinds  of 
afferent  impulses  are  concerned  :  the  ordinary  afferent  impulses  which  dis- 
cbarge the  nervous  mechanism  within  the  cord  and  so  provoke  the  move- 
ment, and  the  aflerent  impulses  which  connect  that  nervous  mechanism  with 
the  muscles  about  to  be  called  into  play,  and  which  take  part  in  the  coordi- 
nmtiou  of  the  movement  provoked.  The  nature  uf  these  latter  afferent 
impulses  is  at  preseut  obscure;  we  know  as  yet  little  more  than  the  fact  of 
their  existence;  but  if  we  admit,  as  we  seem  compelled  to  do,  that  the  char- 
acter of  a  reflex  action  is  determined  by  them  as  well  as  by  the  afferent 
imftutses  which  actually  discharge  the  mechanism,  it  seems  possible  that  a 
tuller  knowledge  of  tnet^e  coordinating  afferent  impulses  may  Hff)rd  an 
adequate  explanation  of  the  fact  that  when,  as  in  the  case  of  the  frog  in 
<]ue»tion,  the  usual  set  of  muscles  cannot  be  employed  by  the  nervous 
mechanism,  recourse  is  had  to  another. 

We  have  avoided  the  intrr>duction  of  the  word  *' coiisciousne&s  "  as  uu- 
aeccasarily  complicating  the  question  ;  and  it  would  be  out  of  place  to  discuss 
psjrchological  problems  here  We  may  remark,  however,  that  since  we  have 
no  objective  proofs  of  consciousness  outside  ourselves,  and  only  infer  by 
atialogy  that  such  and  such  an  act  is  an  outcome  of  consciousness  on  account 
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of  its  likeness  to  acts  which  are  the  outcome  of  our  own  consdooHMB^  fft 
coDclude  that  the  braiDless  frog  po«desses  no  active  conftciooaoMi  Hk*<Mtr 
own,  because  abaeDce  of  spontaDeous  movemeula  seems  to  be  iircoooeUabl* 
with  the  existence  of  an  active  coni^ciousness  whose  verj  eMeoce  ia  ■  mnm  af 
changed.  Consciousness,  as  we  recognize  it,  seems  to  be  oecc warily  opcnUillg 
as,  or  to  be  inflissolubly  associated  with  the  preaeoce  of,  an  raeevuilly 
repeated  internal  stimulus;  and  we  cannot  conceive  of  that  utimultts  failiog 
to  excite  mechanisms  of  movement  which*  as  in  the  case  of  the  braiolai 
frog,  are  confessedly  present-  We  may,  however,  distinguish  b«ti 
active  continuous  cousciousuess,  such  as  we  usually  uudentAod  by  iIm 
and  a  passing  or  momentary  condition,  which  we  may  speak  of  as  coam  . 
ness.  but  which  is  wholly  discontinuous  from  an  antecedent  or  from  a  ralH»- 
quent  similar  momentary  condition;  aud  indeed  we  may  auuposc  thai  Um 
complete  consciousness  of  ourselves,  and  the  similarly  oompiete  ontiaBino»- 
neis  which  we  infer  to  exist  In  many  animals,  has  been  mdually  cvolred 
out  of  such  a  rudimentary  consciousness.  We  may,  on  this  view,  anpfMaa 
that  every  nervous  action  of  a  certain  intensity  or  character  is  acoom|Mlfld 
by  some  amount  of  conHciousuess.  which  we  may,  iu  a  way,  mmparv  to 
light  emitte<l  when  a  combusliou,previously  giving  rise  to  invisible  h«ftt,' 
fiercer.  We  may  thus  infer  that  when  the  brainless  fng  is  «lirred  bf 
stimulus  to  a  reflex  act,  the  spinal  cord  is  lit  up  by  a  mnmentary  ftaah  of 
consciousness  coming  out  of  darkness  aud  dying  away  int<»  darkoeas  iHpiifl; 
aud  we  may  perhaps  further  infer  that  such  a  psasing  rtmsciousncH  ia  tlw 
better  developed  the  larger  the  portion  of  the  cord  invnlved  io  ibo  rtfleK 
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act  and  the  more  complex  the  movement.     But  such  a  oiui 
even  if  we  admit  its  existence,  is  something  very  diiferent  from 
M  ordinarily  under^tooil,  is  far  removed  from  iDtelligencr  and 
appealed  to  as  explaining  the  "choice"  spoken  of  above. 

^  591.  Lastly,  the  characters  of  a  reflex  movement  are.  as  we  need  li*it)|y 
8fly,def>endeut  on  the  intrinsic  condition  of  the  cord.    The  action  of  Arydii  ~ 

CL  alluded  Uj  is  an  instance  of  an  apparent  augmentation  «jf  reSex 
t  explained  by  supposing  that  the  reeistanccti  in  the  cord  art 
There  are  probably,  however,  caaea  in  which  the  explosive  encf^  of  Uic 
nervous  substance  is  positively  increased  above  the  normal.  Coovriwly,  by 
various  iofluencee  of  a  depreseiog  character,  as  by  various  aoaasthctiia  or 
other  poiaons,  reflex  action  may  be  lesseueil  or  prevented ;  and  tbit  Ogoia 
may  arise  either  from  an  increase  of  resistance  or  from  a  diminatioo  ia  tbo 
actual  discharge  of  energy.  So  aLs<i  various  diseases  may  so  affect  tbo  eptool 
cord  as  to  proiluce  on  the  one  band  increase<l  reflex  excitability,  so  tut  a 
mere  touch  may  pnxtuce  a  violent  movement,  and  on  the  other  hand  dunm' 
ished  reflex  excitability,  so  that  it  becomes  ditficult  or  impoasiblv  to  call  ftfftk 
%  reflex  action. 

$  692.  When  we  come  to  study  the  reflex  actions  of  man  w«  abcnld  al 
first  perhaps  be  inclined  to  inter  that,  since  in  him  the  spinal  eord  h  m 
largely  used  as  the  instrument  of  the  brain,  the  indepeodeoi  reflex  artfnas 
of  the  cord,  at  least  such  as  atfect  skeletal  muscle*,  are  io  him  of  mack  las 
importance  than  they  ap[»ear  to  be  in  animals,  and  experience  aeeaa  to  wp* 
port  thia  view.  But  it  must  be  remembered  that  io  his  oaae.  aa  w«  baft 
already  stated  ($  &d4),  we  lack  the  guidance  of  experimental  resolta;  W9 
are  obliged  tu  trust  t<i  tho  i*ntangl«-d  phenomena  of  diseaiie  ur  U*  a  study  of 
the  behavior  of  the  cord  while  it  is  stdl  a  [>art  of  an  intact  nervous  syvtsta: 
and  each  of  these  muth<Hls  prcsi^nts  ditficultii*s  of  ila  own.  Tbr  moTvoMBBi, 
which  in  the  intact  human  body  wc  can  recogniie  aa  imSubitabW  rsAex 
actions,  are  a»  a  rulr  simple  and  unimportant.  Tbey  an*,  in  by  (kr  tW 
greater  number  of  instances,  oocasioned  by  stimnlatioB  of  tbt  akia  or  of  tbo 
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mHCOus  membrane,  for  the  moet  part  involve  a  few  rausclea  only,  and  rarely 
imlicaiti  any  very  complex  eoordiuatiou.  The  flexion,  followed  by  extension, 
of  the  leg,  which  is  culled  forth  by  tickling  the  sole  of  the  foot,  or  the  wink- 
ing of  the  eye  when  the  cornea  or  conjunctiva  is  touched^  may  perhaps  be 
regarded  aa  the  type  of  tlieee  movements.  A  very  common  form  of  reflex 
action  is  that  in  which  a  muscle  or  group  of  muBcles  h  thrown  into  con- 
traction by  atimulatiou  of  the  overlying  or  neighboring  skiu,  as  when  the 
ab<lomiual  muscles  contract  upon  stroking  the  skin  of  the  abdomen  or  the 
testicle  is  retracted  upon  stroking  the  inside  of  the  thigh.  A  reflex  move- 
ment may  occur  as  the  result  of  stimulation  of  an  or^an  of  special  sense, 
parts  of  the  central  nervous  system  other  than  the  spinal  cord  serving  as  the 
centre.  A  sound  or  a  flash  of  light  readily  produces  a  start,  a  hriglit  light 
makes  the  eye  wink  and  may  cause  a  person  to  sneeze  (the  greater  coordinft- 
tiou  manifest  in  this  act  being  due  to  the  fact  that  the  complex  respiratory 
mechanism  is  brought  into  play,  §  392),  and  reflex  movements  may  result 
from  a  taste  or  smell.  A  special  form  of  reflex  action,  fir  at  least  an  action 
resembling  a  reflex  action^  is  called  forth  by  sharply  striking  certain  ten- 
dons;  for  instance,  striking  the  tendon  below  the  patella  gives  rise  to  a 
sudden  extension  of  the  leg,  known  as  the  "  knee-jerk  ;"  but  it  will  be  best 
to  discuss  these  **  tendon  reflexes/'  or  "  muscle  reflexes/'  as  they  are  called, 
.later  on  in  another  connection. 

■  On  the  whole  the  reflex  movements  carried  out  by  the  intact  nervous 
'•▼stem  of  man  are,  we  repeat,  scanty  and  comparatively  simple;  but  we 
are  not  justified  in  inferring  from  this  that  the  human  spinal  cord,  lei^  to 
itself,  is  incapable  of  doing  more;  that  owing  to  the  predominant  activity 
of  the  brain  it  has  lost  the  powers  poaseased  by  the  spinal  cord  in  the  lower 
animals.  For  it  may  l>e  that  the  cord,  when  jolneil  to  the  brain,  it^  through 
various  influences  proceeding  from  the  latter  in  a  different  condition  from 
that  in  which  it  is  when  separated  from  the  brain  ;  indeed,  we  have  reasim 
to  think  that  this  is  so;  and  Ave  may  here  remark  that  in  the  lower  animals. 
as  in  man,  the  devehipmeut  of  reflex  movements  is  difficult  and  uncertain 
iu  the  presence  of  the  brain. 

When  we  turn  to  the  teaching  of  disease,  however,  we  again  find  that 
reflex  movements  carried  out  by  the  cord  or  by  parts  of  the  cord  are,  on  the 
whole,  scanty  and  simple. 

Id  some  stages  of  certain  diseases  of  the  spinal  cord  extensive  reflex 
movements  are  witnessed  ;  but  these  are  not  purposeful,  coordinated  move- 
raenls,  such  as  have  been  described  above  as  occurring  in  frogs  and  mam- 
mals af\er  experimental  interference,  but  rather  mere  exaggerations  of  the 
simpler  reflex  mf»vemenla  witnessed  when  the  nervous  system  is  intact.  In 
cases  of  paraplegia  (such  being  the  term  generally  used  when  disease  or 
injury  has  cut  ofl^  the  cord,  generally  the  lower  part  of  the  cord,  from  the 
brain,  so  that  the  will  cannot  bring  about  movements  in,  and  the  mind 
derives  no  se^:^ation  from,  the  parts  below  the  lesion,  the  legs  for  instance), 
it  sometimes  hapf>enB  that  contact  with  the  bedclothes  or  other  external 
objects  sets  up  from  time  to  time  rhythmically  re[>eated  movements,  the  legs 
being  alternately  di-awn  up  and  thrust  out  again.  And  an  exaggeration  of 
the  "  knee-jerk  or  other  **  tendon  reflexes  "  is  a  very  common  symptom  in 
certain  spinal  diseases.  It  is  rarely  if  ever  that  reflex  movements  of  a  really 
complicated  rharacter  are  observed.  Moreover  clinical  experience  shows 
that  in  man,  when  a  portion  of  the  cord  is  isolate^i,  reflex  actions  carried 
out  by  means  ot  that  portion,  so  far  from  being  exaegerated,  are  much  more 
commonly  exceeding  feeble  or  absent  altogether.  In  the  cases  in  which  the 
physiological  c<mtinuity  of  the  lower  with  the  upper  part  of  the  cord  has 
oeen  broken  by  disease,  by  some  growth  invading  the  nervous  structures  or 
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by  some  cbangee  of  the  nervous  structures  themselves,  we  may  atteoipl  U» 
explain  the  absence  from  the  lower  part  of  uoordinate  retlex  acrtivitr,  vueh 
as  is  seen  in  the  lower  animalg,  as  aue  to  the  disease  not  nnlv  atbctlog  ike 
powers  of  the  actually  diseiised  })art,  but  iuduenciog  the  whole  curd  b«low, 
and  either  by  inhibition,  of  which  we  shall  speak  presently,  or  in  soma  oilMr 
way  depressing  its  functions.  But  the  same  absence  of  complex  r»fl«z  mmr*- 
menta  is  also  oflen  olieervod  in  cases  in  which  the  cord  has  baio  atviwd  by 
accident,  and  indeed,  though  accidental  injuries  to  the  human  onn)  gmMnXif 
produce  more  profound  and  extensive  mischief  than  thai  which  mulu  la 
aaimalft  from  Bkilfut  exfterimental  interference,  clinical  exuerienoe  lecuU,  on 
the  whole,  to  support  the  view  that  in  man  the  more  complete  tubordiBAiioo 
of  the  spinal  cord  to  the  brain  has  led  to  the  dyin^  out  of  the  complex 
reflex  actions  which  are  ^j  conspicuous  in  the  lower  animals.  This,  bowercf . 
cannot  be  regarded  as  distinctly  proved. 

When  we  come  to  study  voluntary  movements,  we  shall  see  rauon  h>  tblak 
that  in  man,  as  in  the  lower  animals,  the  will  iu  carrying  out  tbeM  a 
ments  iimk(«  use  of  complex  nervous  inechanismit  tfituattMl  iu  the  spiaAl 
— nervous  mechanisms  into  the  working  of  which,  ns  urge<l  above,  aArani 
impulses  enter  largely  ;  and  it  seems  improbable  that  thvuc  Hpiiial  raacftuui- 
isms  should  be  capable  of  being  ihmwu  into  action  by  the  will  only,  la 
the  act  of  walking,  for  instance,  it  l»  highly  probable  that  the  moTcmeiiU 
of  the  legs  are  the  direct  results  of  the  action  of  nervous  meohanuai*  in  tb« 
lumbar  cord  brought  iuto  play  by  the  will,  being  thus,  in  an  indirect  nianocr 
only,  the  products  of  volitional  impulses;  and  even  in  man,  though  clinical 
experience  only  alfords  us  instances  of  this  machinery  working  a|iaxt  frooi 
the  brain  in  n  damaged  condition  and  uuder  unfavorable  circum«tjuiv«v,«a 
that  the  reaembiance  of  the  movements  observed  to  the  complete  art  of  walk- 
ing is  but  feeble,  still  it  seems  similarly  probable  that  under  mtirt-  favorable 
circumstances  the  lumbar  cord  separatcil  from  the  brain  might  a-  '  m 

reflex  act  carry  out  the  niOTementa   in   a   more   complete  and  :< 

manner. 

§  593.   We  have  dwelt  above  chiefly  on  reflex  action*.  In  which  die  c&r* 
ent  impulses  cause  contracti<ms  of  skeletal  mu&cles,  -  r  are  lisdottbl- 

edly  the  most  common  and  the  moftt  prominent  fnn  •  x  adkiti ;  bat 

it  must  not  be  forgotten  that  the  etferent  impulses  •>[  i.  tl.  \  .u ^  n  maj  pro- 
duce contractiouH  of  other  muscles,  as  well  as  other  riK.  i.t>,  -m'ti  as  aecrvC* 
for  instance.  On  several  of  these  we  have  dwelt,  from  time  to  tiio*  in  f 
vious  parts  of  this  work,  and  it  will  be  unnecoasary  to  repeat  tboia 
Hut  it  may  be  worth  while  to  point  out  that  the  spinal  cord,  ay  aarriat. 
reflex  centre  for  innumerable  ties  which  correlate  the  nutritive  or  DMrtaboHe 
activities  of  the  several  tissues  to  events  taking  place  in  other  part*  n(  iba 
bodv,  plays  a  conspicuous  part  in  securing  the  welfare  of  the  whole  body. 
In  <]ealiDg  (^  hoO)  with  the  general  problems  of  nutrition,  we  cUted  tbat 
orderly  nutrition  apftears  to  be  in  some  way  dependent  on  aerroBi 
ences.  Many  of  tliese  nervous  influenoea  appear  to  issue  from  tli* 
oord,  either  bb  parts  of  a  retlex  act  or  as  the  outcome  of  ^ 
processes.    When  in  a  dog  the  lumbar  cord  is  wholly  separat*  Uentf 

of  the  con!  by  luiclitm,  the  nutrition  of  ihtt  hind  limlm  and  tiw  nOMal 
lualih  tif  iht*  unimal  may.  with  care,  be  niaiiituini*>l  in  a  very  satMneCOffT 
condition  ;  but  if  that  small  HepAralo<i  piecf  of  the  conl  be  d««trayial,  daata 
inevitably  ensunt  lH*fon*  long,  in  spite  of  evrry  carr  and  prrn^utioo.  hHSf 
brought  almut  nnparrntly  by  the  disordereil  nutrition  of  the  hind  limUs  aad 
other  parts  supplied  by  nervei*  coming  from  the  Inmbar  cord.  In  aiaa*  «i* 
tensive  injuries  to  the  spinal  ci>rd  are  folluwod  by  l^ed  sorea  and  otber  n«alta 
of  impaired  nutrition  ;  and  indeed  death  is  gcneraJiy  brougbi  about  la  ibia 
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WAy  in  cases  of  paraplegia  cuueed  by  accidental  crushing  or  severance  of  the 
cord.  The  scarcity  of  well-mnrked  reflex  actions  mentioned  above  as  chnr- 
tu:terifttic  of  such  cases,  may  perhaps  be  due  to  the  fact  that  these  disorders 
of  nutrition  prevent  the  patient  living  long  enough  for  the  separated  cord  to 
recover  the  functions  which  pro|>erly  belong  to  it. 

§  694:-  Inhibilion  of  reflex  action.  The  reflex  actions  of  tlie  spinal  oord, 
like  other  nervous  actions,  may  be  totally  nr  partially  inhibited,  that  is  to 
aay.  uiay  be  arrested  or  hindered  in  their  development  by  impulses  reaching 
the  centre  while  it  \»  already  in  action.  Thus,  if  the  body  of  a  decapitateii 
•Dftke  be  allowed  to  hang  down,  slow  rhythmic  pendulous  movements,  which 
appear  to  be  reflex  in  nature,  soon  make  their  ap{}earance,  all  th^e  may 
be  for  a  while  arretted  by  slight  stimulation,  as  by  gently  stroking  the  tail. 
We  have  already  seen  that  the  action  of  such  nervous  centres  as  the  respi- 
ratory and  vasomottir  centres,  which  frequently,  at  all  events,  is  of  a  reflex 
nature,  may  l>e  either  inhibited  or  augmented  by  afferent  impulses.  The 
inicturition  centre  in  the  mammal,  which  is  also  largely  a  reflex  centre,  may 
be  easily  inhibited  bv  impul^^es  passing  downward  to  the  lumbar  cord  from 
tbe  hmm,  ur  upward  along  the  sciatic  nerves.  In  the  cose  of  dogs,  whose 
■pinal  cord  has  been  divided  in  the  thoracic  region,  micturition  set  up  as  a 
reticx  act  by  simple  pressure  on  the  abdomen  or  by  sponging  the  anus  is  at 
once  stopped  by  sharply  pinching  the  skin  ot'  the  leg-  And  it  is  a  matter 
of  common  experience  that  in  man  micturition  may  he  suddenly  checked  by 
an  emotion  or  other  cerebral  eveut.  The  erection  centre  in  the  lumbar 
cord,  also  in  large  measure  a  reflex  centre,  is  similarly  susceptible  of  being 
inhibited  by  impubea  reaching  it  from  various  sources.  And,  indeed, 
many  similar  instances  of  the  iuhibitiou  of  reflex  movements  might  readily 
be  cjuoied. 

Several  apparent  instances  of  the  inhibition  of  reflex  acts  are  not  really 
cuch  ;  in  these  cases  all  the  nervous  processes  nf  the  act  may  take  place  in 
their  entirely  and  yet  fail  to  produce  their  eflect  on  account  of  a  failure  in 
the  muscular  part  of  the  act.  Thus,  when  we  ourselves  by  an  effort  of  the 
will  stop  the  reflex  movements  which  otherwise  would  be  proiUiced  by 
tickling  the  soles  of  the  feet,  we  achieve  this  to  a  large  extent  by  throwing 
voluntarily  into  action  certain  muscles,  the  contractions  of  which  antagonize 
the  action  of  the  muscles  engaged  in  carrying  out  the  reflex  movements. 
But  it  may  be  iloubted.  even  in  these  cases,  whether  inhibitiim  is  always  or 
whollv  to  be  explained  in  this  way  ;  and  certainly  in  very  many  instance?* 
of  redex  inhibitioa  no  such  muscular  antagonism  is  present,  and  the  reflex 
act  is  checked  at  itii  nervous  centre. 

When  the  brain  of  a  frog  is  removed,  and  the  eflects  of  shock  have  passed 

away,  reflex  actions  are  develu|>ed  much  more  readily  and  to  a  much  greater 

degree  than  in  the  entire  animal,  and  in  mammals  also  reflex  excitability 

has  been  observed  to  be  increased  by  removal  of  the  cerebral  hemispheres. 

This  siiggesla  the  idea  that  in  the  intact  nervous  system  the  brain  is  liabitu- 

I        ally  exerting  some  influence  on  the  spinal  cord,  tending  to  prevent  the  nor- 

I        Bial  development  of  the  spiual  reflex  actions.     And  we  learn  by  experiment 

L       that  stimulation  of  certain  parts  of  the  brain  has  a  remarkable  eflect  on 

^Kreflex  action.     If  a  frog,  from  which  the  cerebral  hemi^pbereti  have  been 

^y  removed  (the  optic  ]nhen,  bulb,  and  spinal  cord  being  left  intact),  Ik'  sus- 

^^  pended  by  the  jaw.  and  the  toes  of  the  pendent  legs  be  from  time  to  time 

I       dipped  inl.0  very  dilute  sulphuric  acid,  a  certain  average  time  will  be  found 

^Klo  elajiee  between  the  dipping  of  the  toe  and  the  re^^ultiug  withdrawal  of  the 

^Vlbot.     If,  however,  the  optic  lobes  or  optic   thalami   l>e  8timulute<i,  as  by 

putting  a  crystal  of  wHlium  chloride  on  them,  it  will  be  found  on  repeating 

tbe  experiment,  while  these  structures  are  still  under  the  influence  of  the 
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gtimiilation,  thnt  the  time  intervening  between  the  action  of  the  acid  on  the 
toe  and  the  withdrawal  of  the  foot  is  very  much  prolonged.  That  is  to  aay, 
the  atixuulatioti  of  the  optic  lobes  has  caused  impulses  to  descend  to  the  cord, 
which  have  there  so  interfered  with  the  nervous  processes  engaged  in  carry- 
ing out  reflex  actions  as  greatly  to  retard  the  generation  of  efferent  impulses, 
or,  in  other  words,  has  inhibited  the  reflex  action  of  the  cord.  And  similar 
results  may  be  obtained  fn  mammals  by  stimulating  certain  parts  of  the 
corpora  quadrigeraiaa,  which  bodies  are  homologous  to  the  optic  lobes  of 
frogs.  From  this  it  has  been  inferred  that  there  is  present  in  this  part  of 
the  brain  a  special  mechanism  for  inhibiting  the  reHex  actions  of  the  spinal 
cord,  the  impulttes  descending  from  this  mechanism  to  the  various  centres  of 
reflex  action  being  of  a  specific  inhibitory  nature.  But,  as  we  have  already 
seen,  imjndaes  of  an  ordinary  kind,  passing  along  ordinary  sensory  nerves, 
may  inhibit  reflex  action.  We  have  quoted  inatances  where  a  slight  stim- 
ulus, as  in  the  pendulous  movements  of  the  snake,  and  where  a  stronger 
stimulus^  as  in  the  case  of  the  micturitinn  nf  the  dog,  may  produce  an  tn- 
hibilory  result ;  we  may  add  that  in  the  frog  adequately  strong  stimuli 
ap|die*l  to  any  afferent  nerve  will  inhibit,  i,  e.,  will  retard  or  even  wholly 
prevent  reflex  action.  If  the  toes  of  one  foot  are  dipped  into  dilute  sulphuric 
acid  at  a  time  when  the  sciatic  of  the  other  leg  is  l>eing  powerfully  stimu- 
lated with  an  interrupted  current,  the  period  of  incubation  of  the  reflex  act 
will  be  found  to  be  much  prolonged,  and  in  some  cases  the  reflex  withdrawal 
of  tlie  ftHTit  will  uot  take  place  at  all.  And  this  holds  good,  not  only  in  the 
complete  abi^nce  of  the  optic  lobea  and  bulb,  but  also  when  only  a  portion 
of  the  spinal  curd,  sufficient  to  carry  out  the  reflex  action  in  the  usual  way, 
is  left.  Ihcre  can  be  no  question  here  of  any  specific  inhibitory  oentrea, 
such  as  have  been  supposed  to  exist  in  the  optic  lobes.  But  if  it  is  clear 
that  inhibition  of  reflex  action  may  be  brougat  about  by  impulses  which 
are  uot  in  themselves  of  a  specific  inhibitory  nature,  we  may  hesitate  to 
accept  the  view  that  n  special  inhibitory  mechanism  in  the  sense  of  one 
giving  ri?e  to  nothing  but  inhibitory  impulses  is  present  in  the  optic  lobcfl 
of  frogs,  and  after  removal  of  the  brain  that  the  exaltation  of  reflex  ac- 
tions which  is  manifest  ia  due  to  the  withdrawal  of  such  a  specific  inhibitory 
mechanism. 

The  presence  of  the  brain  does  obviously  produce  an  effect  which  may  be 
broadly  spoken  of  as  inhibitory,  and  a  specitic  action  of  the  brain,  in  an 
effort  of  the  will,  may  stop  or  inhibit  a  specific  reflex  action  ;  but  we  must 
not  in  these  matters  be  led  too  much  away  by  the  analogy  of  the  special 
and  limited  cardiac  inhibitory  mechanism.  There  we  have  apparently  to 
deal  with  fibres,  whose  exclusive  duty  it  is  to  convey  inhibitory  impulses 
from  the  bulb  to  the  cardiac  muscle,  and  inhibition  of  the  heart,  at  least 
through  nervous  influences,  is  exclusively  carried  out  by  them.  But  already, 
in  studying  the  nervous  mechunism  of  respiration,  we  have  seen  reason  to 
think  that  afferent  impulses  passing  along  the  same  nerves  and  probably 
along  the  same  fibres  may,  according  to  circumstances,  now  inhibit,  now 
augment  the  respiratory  centre,  and  have  thus  bten  led  to  speak  of  in- 
hibitory impulses,  that  is,  impulses  producing  an  inhibitory  effect,  apart 
from  specific  irdiibilory  fibres.  In  the  complex  workiiig  of  the  central 
nervous  system  we  may  still  more  expect  in  come  across  similar  instances  of 
the  same  channels  serving  as  the  path,  either  of  inhibition  or  of  augmeula- 
tion.  In  all  probability  actions  or  proce:*ses,  which  we  may  speak  of  as 
inhibitory,  do  play,  as  indeed  we  shall  see.  an  important  part  in  the  whole 
work  of  the  central  nervous  system  ;  in  all  probability  mauy  of  the  phe- 
Doraena  of  nervous  life  are  the  outcome  of  a  contest  between  what  we  may 
call  inhibitory  and  exciting  or  augmenting  forces;  but  in  all  probjibiliiy. 
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also,  we  ought  rather  to  seek  for  the  explanation  of  how  va^ns  impulses 
mbibit  tho  beat  of  tho  heart  bj  reference  to  the  inhibitory  pnenomena  of 
the  central  nervous  ayatem,  than  to  attempt  to  explain  the  latter  by  the 
little  we  know  nf  the  former.  At  present,  however,  we  uuist  be  eonleut  with 
the  fact  that  experimenlH  on  animals  show  that  the  brain  not  only  by  some 
aetiuu  or  other  may  inhibit  particular  spinal  reflex  movements,  but  ako 
habitually  exercises  a  reatraininE;  influence  on  the  retlox  activity  of  the 
whole  cord,  though  we  are  unable  to  state  clearly  how  this  inhibition  is 
carried  out. 

We  say  "experiments  on  animals,"  because  though  we  know,  as  stated 
aboye.  by  an  api>eal  to  our  own  conciousness,  that  an  action  of  the  brain, 
an  effort  of  the  will,  may  atop  a  particular  reflex  act,  we  have  no  evidence 
that  in  man  separation  of  the  cord  from  the  brain  leads,  as  in  animals,  to 
heightened  reflex  activity.  In  diseases,  or  injuries  to  the  cord,  reflex  actions 
are,  aa  we  have  said,  sometimes  exaggerated,  but  it  is  possible,  and  indeed 
probable,  that  the  increase  is  due  to  the  morbid  processes  producing  a 
greater  irritability  of  the  cord  itself,  and  mti  to  the  withdrawal  of  any  in- 
hibitory influences.  In  many  casea,  in  perhaps  the  greater  number,  no 
exaggeration  but  a  diminution  or  even  ahaenee  of  reflex  activity  is  observed  ; 
«o  much  so  that  could  we  trust  explicitly  to  clinical  experience,  we  should 
be  inclined  to  coucUide  that  the  ijcantinet^  of  spinal  reflex  action  in  man 
wits  due  not  to  any  preoccujiation  of  the  cord  by  influences  proceeding  from 
a  dominant  brain,  but  to  an  inherent  paucity  of  spinal  reflex  mechanisms. 
But  we  have  already  said  all  we  have  at  present  to  say  on  this  point. 

^  595.  The  time  required  for  reflex  acfion^  When  one  eyelid  is  stimulated 
with  a  shai^  electrical  shock,  both  eyelids  blink.  Hence,  if  the  length  of 
time  intervening  between  the  stimulation  of  the  right  eyelid  and  the  move- 
ment of  the  lett  eyelid  be  measured,  this  will  give  the  total  time  required 
for  the  various  processes  which  make  up  a  reflex  action.  It  has  been  found 
to  be  from  0.0662  to  0.0578  second,  De<luGting  from  these  figures  the  time 
required  for  the  passage  of  aflerent  and  efferent  imjjulsoa  along  the  fifth  and 
facial  nerves  Uy  and  from  the  huU>,  and  for  the  latent  i>eriod  of  the  con- 
traction of  the  orbicularis  muscle,  there  would  remain  0.0555  to  0.0471 
aecoud  for  the  time  consumed  in  the  central  operatlouH  of  the  reflex  act. 
The  calculations,  however,  necessary  for  this  reduction,  it  need  not  be  said, 
are  open  to  sources  of  error ;  moreover^  the  reflex  act  in  question  is  carried 
out  by  the  bulb  and  not  by  the  .spinal  cord  proper.  Blinking  thus  produced 
id  &  reflex  act  of  the  very  simplest  kind;  but,  as  we  have  seen  in  the  pre- 
ceding pages,  reflex  acts  ciiffer  very  widely  in  nature  and  character ;  an(i  we 
acc4:)rdinglr  And,  as  indeed  we  have  incidentally  mentioned,  that  the  time 
taken  up  by  a  reflex  uovemenl  varies  very  largely.  This,  indeed,  is  seen  in 
blinking  it^lf.  When  the  blinking  is  caused  not  by  an  electric  shock 
applied  to  the  eyelid,  but  by  a  flash  of  light  falling  on  the  retina,  in  which 
case  complex  visual  processes  are  involved,  the  time  is  distinctly  prolonged  j 
moreover  the  results  in  diflerent  experiments  in  which  light  serves  as  the 
BtimiiluB  are  not  nearly  so  uniform  as  when  the  blinking  is  caused  by  stimu- 
latjon  of  the  eyelid. 

In  general  it  may  be  said  that  the  time  required  for  any  reflex  act  varioB 
very  consiilenibly  with  the  strength  of  the  stimulus  employed,  being  less  for 
the  stronger  stimuli ;  this  we  should  expect,  seeingihat  the  efferent  impulses 
of  the  reflex  act  are  not  simply  aflerent  impulse:^  transmitted  through  the 
central  organ,  but  result  from  internal  changes  in  the  central  organ  started 
by  the  afferent  impulse  ur  impulses;  and  tnese  internal  chaugea  will  natu- 
rally be  more  intense  and  more  rapidly  ert'ected  when  the  afferent  impulstes 
are  «truug.     It  is  stated  that  when  the  movement  induced  is  on  the  samejid^ 
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of  the  hody  ns  the  surface  atimiilatiou  of  wliich  starts  the  act,  the  time  taken 
up  is  \t)f»  tliHii  when  the  niuveiiienL  la  on  the  other  stile  uf  the  bmiy,  allowauce 
being  inadefor  th<*  U'ligth  of  renlriil  uervmisrnatier  involved  in  the  two  caee^; 
that  is  to  say,  the  oeutnil  nperations  of  a  rellex  act  are  propagated  more  rap- 
idly alou^r  the  <.!or(i  thau  across  the  cord.  The  ra[)idiiy  of  the  act  varies,  of 
course,  with  the  condition  of  the  spinal  cord,  the  act  being  greatly  prolonged 
when  the  cord  becomes  exhausted ;  and  a  similar  delay  has  been  observed  iu 
cases  of  disease.  The  time  thus  occupiefl  by  purely  reliex  actions  must  not 
be  confounded  with  the  interval  required  when  the  changes  taking  place  iu 
the  central  nervous  system  are  of  a  more  complicated  nature,  and  more  or 
less  distinctly  involve  mental  operations ;  of  the  latter  we  shall  8f>eak  later  on. 


The  Automatic  Actions  op  the  Spinal  Cord. 


§  596.  We  speak  of  an  action  of  an  organ  or  of  a  living  body  as  being 
spontaneous  or  automatic  when  it  appearH  to  he  not  immediately  due  to  any 
changes  in  the  cironnistanceH  in  which  the  organ  or  body  is  placed,  but  to 
be  the  result  of  changes  arising  in  the  organ  or  bi>dy  itself  and  determined  by 
causes  other  than  the  influences  \d'  ihe  circumstances  of  the  moment.  Some 
automatic  actions  are  of  a  continued  character;  others,  like  the  beat  of  the 
heart,  are  repeated  in  regular  rhythm  ;  but  the  must  striking  automatic  ac- 
tions of  the  living  body,  those  which  we  attribute  to  the  working  of  the  will 
and  which  we  call  voluntary  or  volitional,  are  characterized  by  their  appa- 
rent irregularity  and  VHriahleness.  .Such  variable  automatic  actions  fi^irm 
the  most  striking  features  of  an  intact  nervous  system,  but  are  conspicuously 
absent  from  a  spinal  cord  when  the  hruiu  has  been  removed. 

A  brainless  frog  placed  in  a  condition  nfcnmplcie  equilibrium  in  which  no 
stimulus  is  brought  to  bear  on  it,  protected,  ior  instance,  from  sudden  |mssing 
changes  in  temperature,  from  a  too  rapid  evaporation  by  the  skin  and  the 
like,  remains  perfectly  motirmless  until  it  dies.  Such  apparently  sjtontaaeoiu 
movements  as  are  occasioualty  witiiesteed  are  so  few  and  seldom,  that  we  can 
hardly  do  otherwise  than  attribute  them  to  soinu  sLiinLiliis,  internal  or  exter- 
nal, which  has  escaped  observation.  In  the  mamiiiai  <  dog)  after  division  of 
the  spinul  cord  in  the  dorsal  region  regular  and  apparently  spontaneotis 
movemente  may  beobserved  in  the  parts  governed  by  the  lumbar  cord.  When 
the  animal  has  thoroughly  recovered  from  the  operation  the  hind  liml>3  rarely 
remain  quiet  for  any  long  period  ;  they  move  restlessly  in  various  ways ;  and 
when  the  animal  is  suspended  by  the  upper  part  of  the  body,  the  pendent 
hind  limbs  are  continually  being  drawn  up  and  let  down  again  with  a  monot- 
onous rhythmic  regularity,  suggestive  of  automatic  rhythnnc  discbarges  from 
the  central  mechanisms  of  the  cord.  In  the  newly-born  mammal  too,  after 
removal  of  the  brain,  movements  apparently  sponianeous  in  nature  are  fK- 
quently  observed.  But  all  these  movements,  even  when  most  highly  devel- 
oped, are  very  dilferent  frnrn  the  movements,  irregular  and  variable  in  their 
occurrence  though  orderly  and  purposeful  iu  their  character,  which  we  recog- 
nize as  distinctl)'  voluntary.  Kven  adniitling  that  some  of  the  movements 
of  the  brainless  mammal  may  reseud)lG  voluntary  movements  in  so  far  u 
they  are  due  to  changes  taking  place  iu  the  spinal  curd  itself  inde|>eudeut  oi 
the  immediate  influence  of  any  stimulus,  we  are  not  thereby  iustitied  in  speak- 
ing of  the  spinal  cord  as  developing  a  will  in  the  sense  that  we  attribubea 
will  to  the  brain. 

§  697.  In  the  case  of  the  beat  of  the  heart,  the  automatic  rhythmic  dis- 
charge of  energy  appears  to  be  exclusively  the  outcome  of  the  molecular 
nutritive  changes  taking  place  in  the  cardiac  substance.     The  beat  may  he 
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mmlified,  as  we  hnve  seeu.  by  nervous  impulses  reaching  the  cardiac  sub- 
BtaDce  along  cftrtain  nerves;  hut  the  actunl  existence  of  the  beat  is  wholly 
i»«.U>|)en<ient  of  these  extraneous  lutlueuces  ;  the  rhythmic  discharge  continues 
when  they  are  entirely  absent.  The  automatic  rhythmic  discharge  of  respi- 
nilnry  impulses  from  the  respiratory  centre  is  also  dependent  on  the  intrinsic 
molecular  changes  o(  the  centre,  these  being,  oa  we  have  seen,  largely  deler- 
fuined  by  the  character  of  the  blood  streaming  througli  it;  but  in  this  case 
extrinsic  nervous  impulses,  reaching  the  centre  ah>i)g  (he  vagus  and  other 
Derves*.  phiy  a  nuich  more  importaiiL  part  than  do  similar  impulses  in  tiic  case 
of  the  heart.  They  act  so  continually  on  the  centre  ami  enter  so  largely  into 
it«  working,  that  we  are  compelled  to  regard  the  activity  of  the  centre  as  fed, 
if  we  may  use  the  word,  not  only  by  the  intrinsic  molecular  nutritive  pro- 
cesses of  the  centre  itself,  but  alio  by  the  extrinsic  nervous  iufluencea  which 
flow  into  the  centre  from  without.  The  automatism  of  the  spinal  cord  as  a 
whole  resembles,  in  this  respect,  that  of  the  respiratory  centre  rather  than 
that  of  the  heart.  It  ha-*^  fur  its  basis  doubtless  the  intrinsic  molecular 
changes  of  the  gray  matter,  on  whose  remarkable  constitution  we  dwelt  in  a 
previous  seciiun  ;  tlie  metabolic  events  of  this  substance  are  so  ordered  as  to 
give  rise  to  discharges  of  energy  ;  but  the  discharge  ai)pears  to  be  also  inti- 
mately dependent  on  the  inflow  into  the  gray  matter  of  atferent  impulses  and 
influences.  The  normal  discharges  of  efferent  impulses  from  the  cord  uu- 
doabtedly  take  place  under  the  Influences  of  these  incoming  impulses;  and 
it  may  be  dotibted  whether  the  gray  matter  of  the  cord  would  be  able,  in  the 
abeence  of  all  afferent  impulses,  to  generate  any  sustained  series  of  discharges 
out  of  its  merely  nutritive  intrinsic  changes.  The  automatic  activity  of  the 
cord  is  fed  not  only  by  intrinsic  nutritive  evcuts,  but  also  by  extrinsic  influences. 
In  this  feature  we  may,  however,  find  perhaps  the  reason  why  the  auto- 
matic cavity  of  the  spinal  cord  is  so  limited  as  compared  with  that  of  the 
brain.  In  spite  of  certain  striking  but  superficial  characters  of  which  we 
iaU  speak  later  on,  the  gray  matter  of  the  brain  presents  no  histological 
features  so  difl*erent  from  those  of  the  gray  matter  of  the  cord,  as  to  justify 
us  in  concluding  that  the  one  is  capable  and  the  other  incapable  of  devel- 
nng  the  impulses,  which  we  call  volitional,  out  of  the  molecular  nutritive 
Iges  of  its  substance.  We  are,  therefore,  led  to  the  conclusion  that  the 
[Her  automatic  activity  of  the  brain  is  due  to  the  intrinsic  changes  of  its 
ibstance  being  so  much  more  largely  assisted  by  the  influx  of  various 
"?pent  impulses  and  influences,  notably  those  of  the  special  senses.  To  this 
^question,  however,  we  shall  have  to  return  later  on. 

S  698.  Id  tniating  of  the  vascular  system  we  saw  that  the  central  nervous 
system  exercise*!  through  the  vasomotor  nerve?  such  an  influence  on  the  mus- 
cular coats  of  the  bloodvessels  as  to  maintain  what  we  spoke  of  as  "  tone," 
seccion  of  vaso-constrictor  fibres  leading  to  **  loss  of  tone."  We  saw  further, 
that  arterial  tone,  though  normally  de(>endent  on  the  general  vasomotor 
centre  in  the  bulb,  could  be  kept  up  by  the  cord  itself,  that,  for  instance,  a 
tone  of  the  bloodveaeels  of  the  hiud-htnbs  could  be  maintained  by  the  is^^lated 
(rsu-lumbar  cord.  This  nminteuance  of  arterial  tone  may  l)e  spoken  of  as 
of  the  '*automati:? "  functions  of  the  spinal  cord.  We  have  also  seen 
plain  muscular  fibres,  other  than  those  of  the  arteries,  notably  the 
ires  forming  sphincters,  such  us  the  cardiac  and  pyloric  sphincters  of  the 
»tnach,  the  spnincter  of  the  bladder,  and  especially  the  sphincter  of  the 
lus,  also  possess  tone,  and  that  the  tone  ot'  the^  sphincters  is  also  de- 
indent  on  the  spinal  cord,  or  on  some  part  of  the  central  nervous  system, 
need  not  rej^^reat  the  discusBiona  concerning  these  mechanisms  and  other 
ices  of  the  spinal  cord  exercising  an  automatic  influence  over  various 
sra;  we  have  referred  to  them  here,  since  they  serve  as  an  introduction 
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to  a  question  'n'hich  has  been  much  debated,  and  which  has  many  collatcrat 
and  important  bearings,  namely^  the  question  whether  the  spinal  cord  exer- 
cises an  ntitomalic  function  in  inAintainini^  a  tone  of  the  dkeietal  muaclea. 

The  Question  is  not  one  wliich,  like  the  case  of  arterial  tone,  can  be  settled 
otFhand  by  a  8imi>le  experiment.  Moat  observers  agree  that  the  section  of  a 
motor  nerve  does  not  produce  any  clearly  recognizable  immediate  lengthen- 
ing of  a  muscle  supplied  by  the  nerve,  in  the  same  way  that  section  of  a  vaao- 
constrictor  nerve  undoubtedly  gives  rise  to  a  relaxation  of  the  muscular  fibres 
in  the  arteries  governed  by  it ;  and  it  has  been  inferred  from  this  that  skeletal 
tone  does  not  exist,  Bui  there  are  several  facts  to  be  taken  into  considera- 
tion before  we  cau  come  to  a  just  decision. 

The  skeletal  muscles  have  been  described  as  being  placed  "  on  the  stretch  *' 
in  the  living  body.  If  a  muscle  be  cut  away  from  its  attachments  at  each 
end,  it  shorten:^;  if  it  be  cut  across,  it  gapes.  In  other  words,  the  muscle  in 
the  living  body  possesses  a  latent  tendency  to  shorten,  which  is  continually 
being  counteracted  by  its  disposiiion  nnd  attachments.  In  studying  mus- 
cular contraction  we  saw  (§  87)  tliat  the  shortening  of  a  contraction  is  fol- 
lowed by  a  relaxation  or  return  to  the  fi^rmer  length,  iKjth  the  coutniction 
and  relaxation  being  the  result  of  molecular  changes  in  the  living  muscular 
substance.  We  have  now  to  extend  our  view  and  to  recognize  that,  apart 
from  the  occurrence  of  ordinary  contractions,  molecular  changes  are  by  means 
of  nutritive  processes  continually  going  on  in  the  muscle  in  such  a  way  that 
the  muscle,  though  continually  on  the  stretch,  dt>e8  not  permanently  lengthen, 
but  retains  the  power  to  shorten  upon  removal  or  lessening  of  the  stretch, 
and  conversely  though  possessing  this  power  of  shortening  permits  itself  to 
lengthen  when  the  stretch  is  increased.  In  this  way  the  muscle  is  able  to 
accommodate  itself  to  variations  in  the  amount  of  stretch  to  whicJi  it  is  from 
time  to  time  subjected.  When  a  tlexor  inuaele,  for  instance,  coniracL*,  the 
antagonistic  extensor  muscle  is  put  on  an  increased  stretch  and  is  corresjxind- 
ingly  lengthened  ;  when  the  contraction  of  the  flexor  passes  off  the  extensor 
returns  to  its  previ">us  length  ;  and  so  in  nther  instances.  Thus  by  virtue  of 
certain  changes  within  itself  a  muscle  maintains  what  may  be  called  its  natu- 
ral length  in  the  body,  always  returning  to  that  nftlural  length  bnth  after 
being  shortened  and  after  being  stretched.  In  this  the  muscle  does  no  more 
than  do  the  other  tissues  of  the  body  which,  within  limits,  retain  their 
natural  form  under  the  varied  stress  and  strain  of  life  ;  but  the  property  Ls 
conspicuous  in  the  muscle;  and  its  efiects  in  skeletal  muscles  correspond  so 
closely  to  those  of  arterial  tone,  that  we  may  venture  to  speak  of  it  as  a  skele- 
tal tone.  Indeed,  the  uutlecnlar  changes  at  the  bottom  of  both  are  probably 
the  same. 

These  changes  are  an  expression  of  the  life  of  the  nniscle ;  they  disappear 
when  the  muscle  dies  and  enters  into  rigor  ninrlts:  and,  moreover,  during 
life  they  vary  in  intensity  so  that  the  "  tone"  varies  in  amount  accortling  to 
the  nutritive  change*  going  on.  We  have  seen  reason  to  believe  that  the 
nutrition  of  a  muscle  as  of  other  tissues,  is  governed  in  some  way  by  the 
central  nervous  system.  We  saw,  in  treating  of  muscle  and  nerve  ($  83), 
that  the  irritability  of  a  muscle  is  markedly  atiectod  by  the  section  of  its 
nerve,  /.  e.,  by  severance  from  the  central  nervous  system  ;  and  again  (§  ooO), 
in  sijeaking  of  the  so-called  trophic  action  of  the  nervous  system,  we  referred 
to  changes  in  the  nutrition  of  muscles  occasioned  by  diseases  of  the  nervous 
system.  And  experience,  cs[)ecially  clinical  experience,  shows  that  the  nutri- 
tive changes  which  determine  tone  are  very  closely  dependent  on  a  due 
action  of  the  central  nervous  s^'stem.  When  we  handle  the  limb  of  a  healthy 
man.  we  find  that  it  oilers  a  certain  amount  of  resistance  to  passive  move- 
ments.    This  resistance,  which  is  quite  independent  of,  that  is  to  say,  which 
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may  be  clearly  recoguized  in  the  absence  of  all  dtAtinct  muacular  contractioofl 
of  volitional  or  other  origin,  is  an  expressiou  of  muacular  tone,  of  the  effort 
of  the  various  muscles  to  rualutAtu  tueir  '*  natural "  length.  In  luaiiy  cases 
of  diseaae  this  resistance  is  felt  to  be  obviously  less  than  normal ;  the  limb  is 
spoken  of  as  "  limp"  or  '*  flabby,"  or  as  having  "a  want  of  tone."  In  other 
cases  of  discasG,  ou  the  other  hand,  this  resistance  h  niarkeilly  increased  ;  the 
limb  is  felt  to  be  stiff  or  rigid;  more  or  less  force  is  needed  to  change  it  from 
a  flexed  to  an  extended,  or  from  an  extended  to  a  Hexed  coiKlition  ;  and  in 
the  range  of  disease  we  may  meet  with  very  varying  amounts  of  increased 
resistance,  from  a  condition  which  is  only  slightly  above  the  normal  to  one 
of  extreme  rigidity.  In  some  cases  the  condition  of  the  muscle  is  such  as  at 
first  sight  seems  much  more  comparable  to  u  permanent  ordinary  contraction 
than  to  a  mere  exaggeration  of  normal  tone;  but  all  intermediate  stages  are 
met  with,  and  indeed  these  extreme  case^  may  l>e  taken  as  indicAting  that 
the  molecular  processes  which  maintain  what  we  are  now  calling  tone,  are  at 
bottom  of  the  same  nature  as  those  which  carry  out  a  contraction ;  they  serve 
to  show  the  fundamental  identity  of  the  skeletal  tone  with  the  more  obvious 
arterial  tone. 

Clinical  experience  then  shows  that  the  central  nervous  system  does  exert 
ou  the  skeletal  muscles  such  an  induence  as  to  give  rise  to  what  we  may 
speak  of  as  skeletal  tunc — changes  in  the  central  nervous  8\'stcm.  leading  in 
some  cssefl  to  diminution  or  loss  of  tone,  in  other  cases  to  exaggeraiiun  of 
tOM,  manifested  often  as  conspicuous  rigL<Hty,  The  question  why  the  changes 
take  one  direction  in  one  case  and  another  in  another  is  one  of  great  difB- 
cuhy  (the  occurrence  of  extreme  rigidity  being  especially  obscure),  and 
cannot  be  discussed  here.  We  have  called  attention  to  the  facts  simply 
because  they  show  the  existence  of  skeletal  tone  and  its  dependence  on  the 
central  nervous  system.  This  conclusion  is  confirmed  by  exjwrtments  on 
animals,  and  these  also  afford  proof  that  in  animals  the  spinal  cord  can  by 
itself,  apart  from  the  bruin,  maintain  the  existence  of  such  a  tone.  In  a 
frog,  alier  division  of  the  cord  below  the  brain,  the  liml>M  during  the  perio<l 
of  shock  are  flabby  and  toneless;  but  afler  a  while,  as  the  shock  ]>asses  ofl", 
tone  returns  to  the  niu.scles,  and  the  limhs  offer  when  handled  a  resistance 
like  that  of  the  limbs  of  an  entire  frog.  When  the  aoimnt  is  suspended  the 
hind  limbs  do  not  haug  perfectly  limp  and  helpless,  but  assume  u  definite 
position  ;  and  that  this  position  is  due  ti^  some  influence  ])rocee<ling  from  the 
spinal  cord  is  shown  by  dividiug  the  sciatic  nerve  on  one  side;  the  hind  limb 
oa  that  side  now  hang::^  quite  helpless.  This  more  pendent  position  shows 
that  some  of  the  flexors  have  lengthened  in  consequence  of  the  section  of 
the  nervCf  and  this  result  may  be  taken  as  ret\]ting  the  argument,  quoted 
above  against  the  existence  of  tone,  which  is  based  on  the  statement  that  a 
muscle  cannot  be  observed  to  lengthen  ailer  section  of  its  nerve.  It  may  be 
here  remarked  that  if  the  brainless  frog,  whose  hind  Hmbs  are  more  or  less 
pendent  when  the  body  is  suspended,  be  placed  on  its  belly,  the  hind  limbs 
are  brought  into  a  flexed  position  under  the  body  by  means  of  obvious  mus- 
cular contraction  ;  and  from  this  it  might  be  inferred  that  the  maintcuauL-e 
of  the  fHJsition  of  the  pendent  Hmb  was  also  the  result  of  a  feeble  contrac- 
tion. But  no  obvious  contractions  can  be  ol)aerved  in  the  latter  case,  as  in 
the  former;  and  when  in  the  former  the  limb  has  once  been  brought  into  the 
flexeil  })08ition,  that  pasiti(»n,  like  the  pendent  pDsition,  is  mitintained  without 
obvious  contnictions.  As  we  said  above,  *'  tone  "  may  pass  into  something 
which  appears  to  be  identical  with  a  contraction,  but  where  no  obvious  con- 
tractions are  observed  it  seems  preferable  to  speak  of  the  state  of  the  muscle 
as  one  of  tone. 

Id  the  dog,  after  divitton  of  the  cord  iu  the  thoracic  region,  the  hind  limbs 
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^ll^Utf  ititi  [M.*ri4Kl  of  ehoek  mre  liiap  aod  loodoi.  la  ti»e  w«nz]-btrM>ieii 
ttlbfti*^.  »*•  w«'  ti»ve  Mud,  the  eAeoCi  of  akock  tn  mock  »o«e  kitiii^  than  io 
iHv  iMl(l-bliHMlc<l  animal;  an<J  in  Uie  doe  t^  tone  of  the  rfrrinfml  muacle 
ivlMritH  iniM'li  more  slowly  tbao  in  the  nog.  ladeed,  wiiem  tlie  divuion  of 
||#  (xinl  hnii  takcu  place  low  down  tbe  skeletol  tooe  retann  very  elofrly,  and 
Mty  Uv  hilt  111  routed  very  feebly,  or  even  be  ahaeni  altoffetber.  But  under 
lUv'ttriilttr  circumalanoea,  when  m  sofficient  length  of  onid  baa  been  left-,  a 
tuirly  iinriiiiil  tone  w  reestablnlied.  lu  man.  in  accordance  with  the  facts 
|ti'«^vloiiiily  Munitioned  H  o92),  skeletal  tone,  which  has  been  ]oet  tbn>ugb  the 
iHUitliiiilt y  of  the  conl  being  broken  by  disease  or  acddeDt,  appears  rmrely  if 
wver  t(i  ri<tiirn  fully  in  the  regions  below  the  lesion. 

Wn  limy  tlKTcfore  on  the  whole  of  the  evidence  conclude  that  the  main- 
WttMiMtti  ofikelL'tal  tone  ia  one  of  the  functions  of  the  cord;  but  we  may  here 
ro|wM(  ihnt  the  ondition  of  the  cord,  on  which  depends  the  ta»ae  from  the 
inii-il  nliiiiK  vikrvnt  nerves  of  the  influences,  whatever  their  nature,  which 
liroildcii  toiid  in  the  muacle,  may  be,  and  indeed  is,  in  its  turn  dependent  on 
allviiuil  liii{iuliK«.  In  the  caae  of  the  frog  quoted  above  the  tone  of  the  pen- 
iliiiU  liitihH  iliMuppean  or  is  gre&tly  leflsened  when  the  p<»6terior  roots  of  the 
■olnlic  iinrveH  Hre  divided,  though  the  anterior  roots  be  led  intact.  In  the 
Hh»ttiir(i  of  the  UMual  stream  of  aQerent  Lmpulaes  passing  into  it,  the  oord 
m^uMV  III  miihI  forth  the  influences  which  maintain  the  ti>De.  Henoe  the 
MMilMlt'iiMiif'«f  of  loin*  presenta  many  analogies  with  a  reflex  action,  especially 
wIm'M  wti  ivniftnber  that,  as  stated  above,  tone  passes  insensibly  iuto  contrac- 
lluii;  lunl  It  may  bo  seen  a  mere  matter  of  words  whether  we  tipeak  of  the 
liinliil«*ititlicii  of  time  AH  an  automatic  or  a#  a  reflex  action  of  the  cord.  We 
niiiy,  hoWDVor,  difitin^iiit*h  the  part  played  by  the  aflcrent  impulses  in  aaaiat- 
IliM  iht'  (^ord  to  n  condition  in  which  it  is  capable  of  maintaining  tone  from 
tiiK  |ifii'l  played  by  an  nflerent  impulse  in  causing  a  reflex  action;  in  the 
liiiHM'i'  thi<  lutlion  of  the  ntferent  impulses  seems  analogous  to  that  of  a  supply 
III  iM  li-riiil  bloDii  in  iimiutainiug  an  adetiuate  irritability  of  the  nervous  sub- 
slaMt)iS  tu  I  ho  hitler  the  afferent  impulses  lead  directly  to  a  discharge  of 
wliaigy.     Anil  it  iti  convenient  to  distinguish  the  two  things   by  diUerent 

i  ftOI  Tho  ^hme  connection  between  tone  and  reflex  action  b  ilhistrate<l 
by  lliM  no  riillt*ii  "lendou-phenomena."  which.on  the  one  hand,  are  considered 
tm  itii»'a  iil'ordlnury  reflex  action,  and,  on  the  other  hand,  have  been  regarded 
t\n  i»%Miii|ttlfyinu  a  Nperial  inlluenee  of  the  i>pinal  cord  on  the  irritubilitv  of 
ihii  iMU«i*tiw.  It  in  W4^11  known  that  when  the  leg  is  placed  in  an  easy  poei- 
ijdlli  I'ltfltliiif  for  iuMtniict!  on  the  other  leg,  a  sharp  blow  on  the  patellar  tcmlon 
will  iiiMim*  a  ■iiildeii  jrrk  forward  of  the  leg  brou>;ht  about  by  a  contraction 
id*  lliM  t|i(Hdlrt'o|M)  lonioris;  it  ia  neceseary  or  at  least  desirable  for  a  g<KKl 
l|vtvttlM|iiiM<itt  of  the  jerk,  that  the  tendon  (and  muscle')  should  be  somewhat 
\\\\  ihn  dlM'li'h.  Simihirly  the  muscles  of  the  calf  may  l>c  thrown  into  action 
iw  ltM'l''"U  ''"'  *«^"'^*J  Achillis,  put  somewhat  on  tlie  stretch  by  flexion  of  the 
|\).i|  I  (Mid  III  HiMiio  cases  the  snnie  muscles  may  be  made  to  execute  a  aerie*  of 
■  -hirihniii'  rontractions,  culled  "clonic"  contractions,  by  stiddenlv 
Imi'k  ihn  Hole  of  the  f  >ot,  so  as  to  put  them  on  the  stretch.  The^. 
niiii  otiiii  ItialnitreH  »{  a  like  kind,  at  Hr^t  sight  ap,>ear  to  be,  and  indeed  are 
|iv  \m\\\  Hhiervt^r-*  maintained  to  be.  cases  of  reflex  action,  due  to  aflfereni 
ilUpotn*  NiMi'teil  in  tho  teiidtm ;  hence  they  have  been  frequently  spokeo  uf 
H*  ti*t(dt'h  r»'l)»^>i."  Other  observers  raaininin  that  they  are  not  reflejc,  but 
Awv  ht  illrrot  «(ihiulnlion  of  the  muscle:^,  the  vibrations  set  up  in  the  mor«  or 
l...  I.,...,  iit|idoh  Ihmul;  trtinsmiited  tothe  muscles,  and  so  throwing  the  latter 
I  liiuttioii*.  Ttic  chief  arguments  a>niiust  their  being  reflex  arc  that 
iiu  MMi  I  \tt\  heiwcon  the  tap  luid  the  contraction  is  very  short  (0.03  or  0,04 


THE    AUTOMATIC    ACTIOys    OF    THE    SPINAL    CORD.      729 


second),  slinrter  than  the  ordinary  interval  of  a  reflex  action  (§595),  and 
that  the  movenient  neraists  after  section  of  the  nerves  of  the  tendon.  The 
iirsi  argument  is  pernaps  not  a  verj'  strong  one,  and  the  second  may  be  met 
by  supposing  that,  Id  such  a  case  at  least,  if  not  always  the  reflex  net  really 
begins  m  the  musele  being  started  in  it  by  the  vibrations  transmitted  to  it 
aloDfF  the  tendon. 

But  even  if  we  admit  that  the  movements  are  purely  musculnr,  started 
and  carried  out  in  the  muscle  without  the  help  nf  the  usual  reilex  chain  of 
art'erent  impulses,  spinal  centre,  and  eflerent  impulses,  we  must  at  the  same 
time  admit  that  they  are  closely  dependent  on  the  integritv  of  the  spinal  cord 
and  of  the  connections  between  the  cord  and  the  muscfe.  In  the  case  of 
animals  they  disappear  when  the  spinal  cord  is  destroyed,  or  the  nerves 
soing  to  the  muscles  are  severed,  or  even  when  the  jMjsterior  roots  only  are 
aivided.  The  measure  of  their  development  both  in  animals  and  in  man  is 
aldo  closely  dependent  on  the  condition  of  the  spinal  cord  and  of  the  central 
nervous  system  gei*erally.  They  may  be  increaaetl  ur  diminished,  augmented 
or  iohibited  by  a  coincident  voluntary  etibrt  directed  toward  s^jrae  other  end, 
or  by  the  coincident  development  of  a  sufficiently  distinct  sensation.  In 
^neral  it  may  be  said  that  whatever  favors  the  activity  of  the  spinal  cord 
tentls  to  increase  them,  and  whatever  depresse?*  the  activity  of  the  spinal  cord 
tends  Ui  diminish  them.  They  are  diminished  (»r  wanting  in  certain  diseasea 
of  the  spinal  cord  (e.  */.,  locomotor  ataxia)  and  exaggerated  in  others  ;  so  much 
fio  indeed  that  they  have  becr>me  of  practical  clinical  importance  as  a  means  of 
diagnosis.  Whether  we  regard  them  as  instances  of  ordinary  reflex  action, 
or  consider  that  they  are  carried  out  by  the  muscle  itself  and  that  the  cord 
iulervenes  only  bo  far  as  to  increase,  maintain,  or  diminish  the  irritability  of 
the  muscular  substance,  it  remains  good  that  they  are  prominent  whenever 
tbe  ct)ndition8  increase  the  reflex  or  other  excitability  of  the  cord,  and 
diminish  or  disappear  when  the  conditions  lower  or  abolish  that  excita- 
bility. 

§  600.  Disease  in  man  reveals  other  actions  of  the  spinal  cord  which  bear 
features  different  from  those  of  an  ordinary  reflex  movement,  and  yet  have 
been  describe<i  as  reflex  in  nature.  For  instance,  certain  utlections  of  the 
cord  are  characterized  by  the  legs  becoming  rigid  in  extreme  extension,  the 
rigidity  of  the  straightened  limbs  being  often  so  great  that  when  a  bystander 
lilts  up  one  leg  from  the  bed  the  other  leg  is  raised  at  the  same  time.  The 
rigidity  is  due  to  the  extensor  muscles  being  thrown  into  a  state  of  contrac- 
tion, which  is  so  uniform  and  long  continued  that  it  may  be  spoken  of  as  a 
•*  tonic  "  contraction  ;  such  a  tonic  rigidity  may,  however,  be  replaced  by  a 
aeries  of  rhythmic,  *'  clonic  *'  contractions.  It  has  sometimes  been  observed 
that  the  limbs  when  flexed  are  supple  and  free  from  rigidity,  but  that  rigidity 
•eCl  in  so  soon  as  they  are  brought  into  the  position  of  extension,  the  leg 
becoming  suddenly  flxed  and  straight  somewhat  in  the  way  that  a  olosp-knire 
Springs  back  when  opened.  It  seems  clear  that  the  peculiar  contraction  is 
carrieii  out  by  means  of  the  dpinal  cord,  but  the  whole  action,  though  it  is 
often  spoken  of  as  a  "  muscle-reflex,"  is  very  unlike  an  ordinary  reflex  raove- 
ment.  In  an  ordinary  movement  an  extensor  is  brought  into  action  when  a 
limb  is  flexed — not  when  it  is  already  extended  ;  and  if  in  a  reflex  act  the 
condition  of  the  muscle  about  to  be  thrown  into  action  determines  in  any  way 
tbe  di.*chttrge  of  impulses  from  the  reflex  centre,  we  should  expect  that  the 
stretching  of  an  exten.sor  muscle  by  flexion — not  its  relaxation  by  extension — 
iWoold  determine  the  discharge  of  extensor  impulf^es.  In  the  case  of  the  dis- 
io  question  just  the  opposite  seems  to  take  place;  the  position  which 
Appears  to  determine  the  development  of  the  remarkable  contraction  is  pre- 

1y  that  in  which  the  strain  upon  the  extensors  is  at  its  minimum.     It  may 
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b«  doubted,  therefore,  whether  the  word  reflex  should  be  used  to  il«note  ma 
phenomena;  but  the  pheuomeim  theioselves  deserve  nttentioo,  «»]Mn.-taJli 
perhfl^te,  as  showing  how  in  the  disorders  of  the  gray  matter  of  th«  oord  di 
to  disease  impult»es  or  iuHueucea  which  are  latent  only  in  health 
actual  and  effective. 

It  reniains  for  us  to  speak  of  the  part  plaved  by  the  spinal  card,  ■• 
InHirunieut  of  the  brain,  in  the  execution  of  voluntary  niovemeota  aad  m  the 
development  of  conscious  acnnacions ;  but  it  will  1>g  best  to  conaidsr  thas* 
matters  in  connection  with  the  brain  itself,  to  the  study  of  which  «•  bM 
uow  turn. 


CHAPTER    II 


THE   BRAIN. 


Ox  Some  General  Featitres  of  the  Stkucture  of  the  Brain. 


§  601.  It  would  be  out  of  place  to  attempt  to  give  here  a  complete  descrip- 
liou  of  the  structure  of  the  brain  ;  but  certain  features  must  be  kept  fresh 
in  the  mind  as  n  basis  for  physiological  discussion ;  and  to  these  we  must  now 
turn  our  attention,  a  ^nemxal  acquaintance  with  the  tofKi^^jrapliical  anatomy 
of  the  brain  being  presupposed.' 

Like  the  spinal  cord,  the  Lraiu  consists  of"  white  matter/'  in  which  the 
nervous  elements  are  almost  exclusively  medullated  fibres,  and  of  "gray 
matter,"  in  which  nerve  cells  and  other  nervous  elements  are  also  present ; 
but  the  );p*ay  matter  of  the  brain  Is  much  more  variiible  in  structure  than  that 
of  the  spinal  cord,  and  posscssca  features  [peculiar  to  itself;  these  we  shall 
stuily  later  on. 

For  physiological  purposes  the  brain  may  be  conveniently  divided  into 
parts  corresponding  to  the  divtsious  which  npf^ear  in  ii  in  the  embryo.  At 
an  early  stage  in  the  life  of  the  embryo,  that  part  of  the  medullary  tube 
-which  is  about  to  become  the  brain  differs  from  thnt  which  is  about  to 
become  the  spinal  cord,  in  that  the  ceutral  canal,  which  in  the  latter  is  of 
fairly  uniform  br>re  along  its  whnle  length,  is  in  the  former  alternately 
widened  and  narrowed,  so  that  the  tube  forms  a  series  of  vesicle:*,  the  cerebral 
vesiclea,  succeetling  each  other  lengthwuys.  At  first  these  vesicles  are  three 
ID  number,  called  reepectively  fore-brain,  mid-brain, and  hind-brain;  but  the 
fore-brain,  after  having  develo]jed  <m  each  side  a  lateral  vesicle,  the  optic 
vesicle,  subsequently  transformed  into  the  retina  and  optic  nerve,  gives  rise 
in  front  of  itself  to  a  pair  of  vesicles  placed  side  by  side,  or  rather  to  a  single 
vesicle  with  a  deep  median  furrow,  the  vesicle  of  the  cerebrum,  ccmtaining  a 
cavity  divided  by  a  median  partition  into  two  cavities,  lying  side  by  side, 
which  open  into  the  cavity  of  the  original  fore-brain  by  a  Y-shaped  opening. 
Thiji  erai>ryonic  chain  of  vesicles  is  developed  into  the  adult  lirain  by  unequal 
growth  of  the  walls  and  unequal  expansion  of  the  cavities,  certain  features 
being  also  impressed  u{>uu  it  by  the  bend  on  the  longitiidtmil  axis,  which 
takes  place  in  the  region  of  the  mid-brain  and  in  known  ae  the  cranial 
ilex  u  re. 

§  602.  In  the  hind  part  of  the  hinder  vesicle  or  hind-brain,  the  ventral, 
haaal  portion  or  floor  is  thickened  to  form  the  bufb^  while  the  greater  part  of 
the  dureal  portion  or  roof  floes  not  thicken  at  all,  is  not  transformed  into 
nervous  elements,  but  remains  as  a  single  layer  of  epithelium,  aditerent  to 
the  pia  mater  overlying  it,  and  so  forms  a  thin  covering  to  the  lozeoge- 
Bhape<l  cavity  of  the  vesicle,  now  known  as  the  fourth  ventricle. 

la  the  front  part  of  the  same  hind-brain,  on  the  contrary,  the  roof  and 
sides  are  enormously  developed  into  the  cons])icuous  ci^rebellum  overhanging 
the  front  part  of  the  fourth  ventHcle,  while  the  floor  is  also  thickened  into 
iht  pons  Varolii, 


laditwi 


LS6  to  wt,  which  will  be  found  (n  Buccoodlns  aeoUons,  mAy  with  ulnaUve  bo  DonsuUwS  In 
ng  Ibii  KcUun,  ihuugh  uot  ipevially  re(en«il  to  In  Uw  wxt. 
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This  thickening  of  the  pons  is  largely  made  up,  on  the  one  hand,  of  hori- 
zontal nervc-fihres,  which  run  transvcrsply  from  each  side  of  the  cerebellum 
into  the  j>one,  or  from  one  side  of  the  cerebellura  to  the  other,  and,  on  the 
other  hand,  of  loiigitudinul  fibres,  which  run  forward  from  the  bulb  and  are 
wrapped  round  by  and  interhxced  with  the  others.  At  the  front  margin  of 
the  pons  these  Inngitudinal  fibres,  auguienled  iu  number,  apjwar  as  two  thick 
strnnds,  the  crura  cerebri^  forming  the  ttoor  of  the  mid-brain,  the  roof  of 
which  is  thickened  into  the  corpora  (juadri/jfcinina,  and  the  activity  of  which 
is  reduced  Ut  a  narrow  tubular  pa:^&age,  the  aqtieduct  of  Sylviug,  or  iUtr  a 
Urtio  ad  q}i<tviHm  ve}\trtnt/nm. 

At  the  level  of  the  fore-brain  the  crura  cerebri,  diverging  rapidly  from 
each  other  as  they  pflps  forward,  leave  the  median  portion  of  the  floor  of  the 
▼eaicle  now  known  as  the  third  ventnck  very  thin. but  form, especially  behind 
and  ventrically,  thick  lateral  walla,  which  are  further  increased  in  thickueie 
by  the  development  on  each  side  of  a  mass  largely  composed  of  gray  matter, 
known  as  the  optic  thnhmm.  The  roof  the  third  ventricle,  like  that  of 
tho  fourth  ventricle,  is  not  developeii  into  nervous  elements,  but  remains 
extremely  thin,  and  consists  of  nothing  more  than  a  single  layer  of  epi- 
thelium. 

§  603.  In  front  of  the  third  ventricle  each  diverging  cms  cerebri  spreads 
out  iu  a  Hmull  radial  fashion  into  the  corresponding  hall' of  the  paired  vesicle 
of  the  cerebellum  now  developed  into  the  preponderant  cf^rbral  hnnUpherf^^ 
the  two  cavities  of  which  are  now  known  as  the  lateral  venlricUi*,  Tlie 
growth  of  the  cerebral  heuuepherea  Ib  nut  only  much  greater  than  that  of  the 
rest  of  the  brain,  but  also  takes  place  in  a  special  manner.  At  their  fir^t 
appeamnce  the  cerebral  hemispheres  lie  whrtlly  in  front  of  the  fore-brain  or 
vesicle  ol'  the  third  ventricle,  but  in  their  Buhscquent  growth,  while  expand- 
ing in  nearly  all  directions,  they  extend  especially  backward.  Thus,  in  the 
adult  brain,  on  the  dorsal  surface  they  u*it  only  completely  cover  up  the 
third  ventricle  but  also  overlap  the  niid-bnun,  reaching  so  far  back  a«  to 
cover  the  front  border  of  the  cerebellum,  while  on  the  ventricle  surface, 
though  in  tht'  middle  line  they  leave  exposed  the  floor  or  ventral  portions  of 
the  walls  of  the  third  ventricle,  at  the  sides  they  are  seen  to  reach  as  far  back- 
ward as  on  the  dorsal  surface.  The  median  furrow  on  the  dorsal  surface 
which  separates  each  hemisphere  from  its  fellow  is  at  first  shallow,  but 
rapidly  deepeui*,  so  that  as  the  hendapherea  grow  they  become  separated  from 
each  other  by  a  narrow,  deep  longUudinaT  fis.^ure,  into  which,  as  we  shall 
see,  a  fold  of  the  dura  mater  dips.  This  fissure  is  not  only  deep  vertically — 
t.  e.,  from  the  dorsal  surface  ventrnlly — but  at  the  front  of  the  brain  runs 
backward  in  the  middle  line  almost  as  far  as  the  level  of  the  third  ventricle, 
so  as  completely  to  separate  from  each  other  the  anterior  parts  of  each 
hemisphere,  known  as  the  anterior  lobes ;  at  the  back  of  the  bram  also  it  simi- 
larly runs  forward  in  the  middle  line  for  a  considerublc  distance,  so  as  to 
separate  from  each  other  the  posterior  lobes.  Hence  the  two  great  maasee  of 
the  cerebral  hemisphere  are  unite*!  with  each  other,  not  along  their  whole 
length,  but  for  about  a  third  of  that  length,  the  isthmus  or  bridge  thus  con- 
necting them  lying  at  some  depth  below  the  don*al  surface  at  the  bottom  of 
the  longitudinal  fissure,  in  about  the  middle  third  of  its  length. 

At  its  first  appearance  canh  lateral  ventricle  is  of  a  more  or  less  oval  form, 
its  walls  are  of  uniform  thickness,  and  it  lies  in  front  of  the  third  ventricle. 
During  the  growth  of  the  hemispheres  it  actjuires  a  peculiar  sha{>e  and 
becomes  divided  into  an  anterior  cornu  or  horn  stretching  into  the  aiitrrior 
portion,  a  posterior  horn  stretching  into  the  posterior  portion,  and  a  descend- 
ing horn,  which  curves  laterally  and  ventrally  into  the  middle  portion  of  the 
bembphere;  owing  to  the  great  backward  extension  of  the  hemispheres  the 
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lateral  ventricles  come  to  lie  not  only  iu  front  ol"  but  alau  at  the  sitle  of,  ami 
indeed,  to  a  certain  extent,  above  or  dori*al  to  the  third  ventricle  ;  and  during 
the  growth  of  the  parts  the  originally  wide  V-shaped  opening  which  [)!acea 
the  bind  ends  of  the  two  lateral  ventricles  In  couinuaiioalton  with  the  fnint 
of  the  third  ventricle  hecoraeJ^  narrowed  into  a  slit-like  passage  of  similar 
form,  the  foramen  of  Monro,  which  gtill  openiug  into  the  front  of  the  third 
ventricle,  now  leads  on  each  side  from  a  jwint  rather  in  front  of  the  middle 
of  the  lateral  ventricle. 

As  the  hemisphere  enlarges,  the  growth  of  the  walls  of  the  vesicle  is  not 
uniiorm  in  all  parts.  At  an  early  period  there  may  be  observed  in  the  ventral 
wall  or  tloor  of  the  vesicle  a  thickening,  whicli  assuming  a  special,  more  or 
less  semilunar,  form  and  projecting  into  the  cavity  becomes  the  body  known 
as  the  rorjivs  Mriahtm.  As  development  jiroceeds  the  corpus  striatum  on 
each  side  becomes  attached  to  the  optic  thalamus,  lying  behind  and  to  the 
median  side  of  itself,  the  radiating  fibres  of  the  crus  cerebri  passing  between 
the  two,  and  also  as  we  shall  see  dividing  the  corpus  striatum  int{>  two  bodies, 
called  the  nucleiu*  candaius  and  nucleus  Ictiticularis.  A  notable  result  of  this 
growth  and  change  of  position  of  the  hemispheres  and  of  the  coalescence  of 
the  corpus  striatum  with  the  optic  tlmhtmus  is  that  the  latter  body,  though 
really  belonging  to  the  third  ventricle,  comes  to  project  somewhat  into  tne 
lateral  veulncle ;  a  strip  of  the  upjjer  surface  of  the  optic  thalamus,  along 
il«  outer,  lateral  edge,  forms  a  portion  of  the  floor  of  the  lateral  ventricle  in 
the  median  region  on  each  side  of  the  third  ventricle.  Besides  this  special 
development  of  the  corpus  striatum,  the  walls  of  each  vesicle,  with  the 
exception  of  the  median  pan  by  which  the  two  vesicles  coalesce  with  each 
other,  become  (we  are  now  speaking  of  the  higher  mammals)  thickened  much 
in  the  same  way  all  over,  the  surfuce  being  folded  so  as  to  give  rise  to  con- 
volutions or  (/t/n  separatetl  by  furrows  or  «ii/ct;  and  the  thickening  taking 
place  in  such  a  way  as  to  give  the  ventricle  its  peculiar  £«ha]>e.  The  meilian 
coalesced  part  undergoes  a  difierent  and  peculiar  change.  This  part,  which 
at  first  lies  in  front  of  the  third  ventricle,  through  the  changes  brought 
about  by  the  growth  of  the  hemispheres  so  shifts  its  {>ositiou  as  to  lie  imme- 
diately over,  dorsal  to  the  third  ventricle,  very  much  as  if  this  part  of  the 
cerebral  vesicles  had  been  folded  back  over  the  fore  brain.  In  the  junction 
itself  we  may  distinguish  a  doi'sal  and  a  ventral  jiorlion.  The  dorsal  j»>rtiou 
ie  developed  into  a  sysLent  of  transverse  commissural  fibres  passing  across 
from  one  hemisphere  to  the  other.  In  the  median  region  these  fibres  form  a 
thick  compact  hand,  called  the  corpus  oiUosmn,  which  may  be  exposed  to 
view  at  the  bottom  of  the  longitudinal  fissure,  while  on  each  side  they  spread 
away  in  all  directions  to  nearly  all  parts  of  the  surface  of  the  hemispheres, 
pasaiug  over  and  helping  to  form  the  roof  of  the  lateral  ventricles.  The 
nand  is  not  flat  but  curved  ventralward ;  hence  in  a  longitudinal  vertical 
section  of  the  brain  taken  in  the  middle  line  it  presents  a  curved  form  with 
the  concavity  directed  ventralward.  While  this  dorsal  portion  of  the 
juncti<in  is  developed  at  the  sides  as  well  as  in  the  middle  hne,  the  ventral 
portion  is  develo{>ed  in  the  median  region  ouly,  »(id  that  in  a  special  way,  so 
that  it  forms  below,  ventral  to,  the  corpus  callosun)  nn  arched  plate,  in  the 
shape  of  a  triangle  with  the  apex  directed  forward,  called  the  fornix,  which 
lie*  immediately  above  the  thin  epiihelial  roof  of  the  third  ventricle.  In 
front,  the  narrower  apical  portion  (if  the  fnrni.x.  lies  at  some  little  distance 
below,  ventral  to,  the  cor]>u8  callosum,  and  here  the  junction  between  the 
two  vesicles  is  reduced  to  a  thin  sheet,  the  mejituin  htcidnin ;  but  behind,  the 
broailer  basid  portion  of  the  fornix  is  arched  u]»  so  as  to  lie  immediately  under 
and  touch  the  corpus  ralhisum.  Hence  the  septum  lucidum  has  the  Ibrm  of 
a  zuore  or  less  triangular  vertical  sheet,  broud  in  front  and  narrowing  beliiad. 
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separating  the  two  lateral  ventricles.      The  sheet  may  be  conceived  of  bs] 
being  double  and  formed  by  the  apposition  of  two  layers,  one  belongin|j:  to  | 
each  ventricle ;  between  these  two  layers  is  developed  a  narrow  closed  cavitj 
containing  fluid,  called  the  fijih  vcniride.     But  while  the  lateral  ventricles  i 
ojjen  by  the  foramen  of  Monro  into  the  third  ventricle,  and  the  third  van-; 
tricle  is  continuous  by  means  of  the  aqueduct  with  the  fourth   ventricle^ 
which  again  passes  into  the  central  canal  of  the  spinal  cord,  the  whole  serieft 
being  develo]}ed  out  of  the  same  embr^'onic  neural  canal,  the  HAh  ventricle 
communicfltes  with  none  of  them;  it  is  a  cavity  of  different  origin. 

The  corpus  cnllosum  or  dorsal  portion  of  the  junction  between  the  vesicles 
spreads  out,  as  we  have  said,  laterally  along  its  whole  length,  and  thus  forms 
a  broad  band  joining  the  two  hemispheres  together;  the  middle  portion 
spreads  out  in  a  more  or  less  straight  direction,  though  curving  over  the 
ventricle  upward  and  downward  to  reach  various  parts  of  the  hemisphere, 
while  the  front  and  hind  ends  bend  round  on  each  side  forward  and  backwar<l 
lo  reach  the  anterior  and  posterior  parts.  Thus  through  the  corpus  callosum 
the  thick  wall  of  one  ventricle  is  made  continuous  with  that  of  the  other. 
The  disposition  of  the  fornix  or  venfcral  jwrtion  of  the  junction  is  very  dif- 
ferent. At  its  apex  in  front  the  fornix  bifurcates  into  two  bands,  known  astha 
pillars  of  the  fornix,  which  on  each  side  become  continuous  with,  and  take  a 
peculiar  course  in  the  walls  of  the  third  ventricle.  In  like  manner  behind^ 
the  angles  of  the  base  of  the  fornix  are  continuous  with  the  walls  of  the 
lateral  ventricles,  that  is  to  say,  with  the  thick  mass  of  the  hemispheres,  being 
also  prolonged  as  two  special  strands  itf  fibres  called  the  crura  of  the  fornix. 
But  along  each  side  ot  the  triangle,  between  the  attachments  in  front  and 
behind,  the  substance  of  the  fornix  is  not  cimtinued  iuto  the  substance  of  the 
corresponding  hemisphere ;  the  edge  of  the  fornix  appears  on  each  side  lo 
lie  loose  on  the  dorsal  surface  of  the  optic  thalamus,  which  here  forms  the  I 
median  portion  of  the  floor  of  the  lateral  ventricle ;  between  the  optic  thal- 
amus below  and  the  fornix  above  there  seems  lo  be  a  narrow  slit  by  which 
the  cavity  of  the  lateral  ventricle  communicates  with  parts  outside  itself.  In  \ 
realitv,  however,  there  is  no  actual  breach  of  continuity  though  there  is  %  ' 
breach  of  nervous  substance.  The  slit  is  bridged  over  by  a  layer  of  epithe- 
lium, by  means  of  which  the  edge  of  the  fornix  is  made  continuous  with  the 
upper  surface  of  the  optic  thalamus,  and  the  median  wall  of  the  lateral  ven- 
tricle made  complete.  Hut  this  layer  of  epithelium  has  the  following  peculiar 
relations  to  the  pia  ruater  covering  the  brain: 

We  have  said  thiit  the  rool  of  the  third  ventricle,  like  that  of  the  fourth 
ventricle,  consists  only  of  a  layer  of  epithelium  devoid  of  nervous  element*. 
We  have  further  eeeu  that  the  fornix  and  the  hind  part  of  the  corpus  cal-  j 
losum  with  which  it  is  continuous  overlie  the  third  ventricle,  the  free  base  of 
the  forui.K  with  the  rounded  hind  end  of  the  corpus  calloaum  above  forming 
together  the  himl  border  of  the  junction  or  bridge  betNN'^en  the  two  hemi- 
spheres. The  pia  mater  covering  the  dorsal  surface  of  the  brain,  paesing 
forward  under  this  curved  border,  spreads  over  the  top  of  the  third  ventricle, 
becoming  adherent  to  the  layer  of  epithelium  just  referre<l  to,  and  thus  firms 
a  vascular  sheet  called  the  velnm  interpositum,  which  serves  as  the  actual  roof 
of  the  third  ventricle,  immediately  below,  ventral  to,  the  fornix  ;  it  cannot 
be  seen  without  previously  removing  the  fornix.  At  the  lateral  edge  of  the 
fornix,  ou  each  side,  this  same  vascular  sheet  of  pia  mater  projects  from 
beneath  the  fornix  into  the  lateral  ventricle  carrying  with  it  the  layer  of 
epithcHuui  which,  as  we  suid,  made  the  edge  of  the  fornix  actually  con-  ' 
tinuoiia  with  the  rest  of  the  walls  of  the  lateral  ventricle;  the  part  of  the 
pia  mater  thus  seen  projecting  beyond  the  edge  of  the  fornix  when  the  lateral 
ventricle  is  laid  open  is  called  the  choroid  plexus.     To  this  peculiar  intrusion 
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of  the  pin  mater,  by  which  ihe  nutrition  of  the  hrain  h  assisted,  we  shall 
return  when  we  come  to  apeak  of  the  vaseuhir  urrangements  of  the  hrain. 
^leannhile  we  may  i«otnt  out,  that  while  this  vascular  ingrowth  seems  to 
make  the  cavity  of  the  third  ventricle  contiuuoua  with  that  of  the  lateral 
ventricle  on  each  side,  and  all  three  with  the  exterior  of  the  brain,  it  really 
do€8  not  do  so.  The  cavity  of  the  third  ventricle  is  made  complete  by  the 
Inyer  of  epithelium  forming  its  roof,  ami  ihe  cavity  of  the  lateral  ventricle 
10  made  complete  by  the  layer  of  epithelium  passing  from  the  lateral  edge  of 
the  fornix  over  the  choroid  plexus  to  the  other  parts  of  the  wall  of  the 
ventricle.  To  pass  aloriff  thia  line  from  the  actual  cavity  of  the  lateral  into 
that  of  the  third  ventricle  one  must  first  pierce  the  epithelium  covering  the 
choroid  plexus,  thus  gaining  access  to  the  pia  mater  of  the  plexus  and  of  the 
velum,  and  then  again  pierce  the  epithelium  coating  the  under  surface  of 
the  velum  and  forming  the  roof  of  the  third  ventricle.  It  is  only  by  the 
foramen  of  Monro  thiit  a  real  communication  exists  between  the  cavity  of 
the  lateral  and  that  of  the  third  ventricle. 

Thus  by  the  large  growth  and  backward  extensicm  of  the  cerebral  hemi- 
spheres, tbe  third  ventricle  comes  to  form  as  it  were  the  front  end  of  the 
cerebro-Bpinal  axis,  the  crura  cerebri  expanding  un  each  side  of  the  third 
ventricle  into  the  cerehml  heiiiispheres  which  cover  up  the  ventricle  on  the 
clonal  surface,  but  leave  its  wall  exposed  on  the  ventral  surface.  Attached 
to  the  dorsal  surface  of  the  third  veutrtde  at  its  hind  end,  ventral  to  and 
somewhat  projecting  beyond  the  base  of  the  fornix,  lies  the  pineal  gland  with 
lie  attachments,  the  remnants  of  a  once-important  median  organ  ;  and  attached 
to  the  ventral  surface  of  the  ventricle,  at  the  apex  of  n  ftinnel-shape<l  pro- 
jection, the  infundibulnra,  lies  the  pituitary  body,  also  a  remnant  of  important 
ancestral  structures. 

§  604.  We  may  then  divide  the  whole  brain  into  a  series  of  parts  corre- 

spimding  to  the  main  divisions  of  the  embryonic  brain.     At  the  front  lie 

the  cerebral  hemispheres,  with  the  lateral   ventricles,  rlevelopod  out  of  the 

oercbral  vesicles;  and  with  these  are  associated  the  corpora  striata,  the  terra 

cerebral  hemisphere  being  sometimes  used  so  as  to  include  these  bodies,  and 

aoinetimes  so  as  to  exclude  them.     Next  come,  corresponding  to  the  original 

fore-brain,  the  parts  forming  the  walls  of  the  third  ventricle,  conspicuous 

among  which  are  the  optic  thalami;  for  these  bodies,  though  they  appear  to 

iDtrude  into  the  lateral  ventricles,  belong  properly  to  the  third  ventricle. 

In  the  mid-brain  which  follows,  the  cavity,  now  the  tubular  passage  of  the 

ac|ueduct,  is  roofed  in  by  the  two  pairs,  anterior  and  posterior,  of  corpora 

ntiadrigemina.  the  dimensions  of  which  are  not  very  great;   but  a   thick 

floor  is  furnished  by  the  crura  cerebri.     In  each  crus  we  must  distinguish 

between  a  dorsal  portion  called  the  legmentmn,  in  which  a  large  iiuantity  of 

gray  matter  is  present,  and  in  which  a  great  complexity  in  the  arrangomeDC 

of  fibres  exists,  and  a  ventral   portion,  the  pea  or  crusta^  which  is  a  much 

more  uniform  mass  of  lougituiHually  dis])i>sed  fibres.     As  the  crura  passiug 

forward  diverge  iuto  the  cerebral  hemisphere  on  each  side,  the  tegmentum 

cease*  at  the  hinder  end  and  ventral  parts  of  the  optic  thalamus ;  it  is  the 

r  which  supplies  the  maasof  jibres  radiating  into  each  cerebral  hemisphere, 
n  view  of  the  ventral  surface  of  the  brtun,  the  base  of  the  hrain  ns  it  is 
^i^uently  culled,  the  crura  may  be  seen  emerging  from  the  anterior  border 
**^  the  pons.  This  we  have  sfwken  of  as  the  thickened  floor  of  the  front 
P*tn  of  the  hind-brain,  but  in  reality  it  encroaches  a  little  on  the  mid-brain, 
^«!  hind  pan  of  the  corpora  quadrigemina  being  in  the  same  dorso-ventral 
pl^Uie  as  the  front  part  of  the  pons.  (See  Fig.  186.)  In  the  main,  however. 
^*  pons  belongs  to  the  fore  pan  of  the  hiud-brain,  the  roof  and  sides  of 
*^Ich  are  developed,  as  we  tiave  said,  into  the  cerebellum.    This  superficially 


786 


THE    BRAIK. 


rei»i*mble«  the  cerebral   bemiapherc^  in  its   large  size,  anfl  in  the  s| 


devel<M>uieut  of  iu  aurface.  wbicn  ut  lortuea  ot  gr«r  matter  tolded  m  a 
remarkable  manner  and  often  ejH>ken  of  as  cortex.  The  cerel)«:lliim.  tlioogh 
the  latoral  portions,  called  the  hemispherot,  project  above  the  median  por- 
tion, called  the  vermia»  is,  unlike  the  cerebrum,  a  mngle  mas;  each  ialml 
half,  however,  sends  down  ventrally  a  mass  of  fibres  which,  mnning 
versely,  partly  end  in  the  {K)U8  and  partly  are  cuotinued  acruis  the  pant 
the  other  lateral  half;  thi.s  mass  of  Hbrea,  tliua  c^>nstitutinjf.  as  w«  haTe 
a  cousiderble  part  of  the  imns,  forms  on  each  side,  just  as  it  Iravea  the 
cerebellum  to  enter  the  pons,  a  thick  Btraud.  caHchI  the  middU  peiiuneie  of 
the  cerebellum.  From  the'  cerel>etlum  (here  also  proceeds  bacKwani  itsta 
the  bulb  on  each  side  a  thick  8traud  of  fibres,  the  inferior  ptedunHe  of  Um 
cerebellum  or  rcstiform  botty;  and  a  third  strand,  the  msprrtor  potiunrft  of 
the  cerebellum,  passes  forward  on  each  side  into  the  rL'):r;,>u  of  ine  corpora 
quadrigemina.  As  the  latter  converge  toward  each  other  In^hind  the  ofv* 
])ora  quadritrcniitin  the  anp^le  between  them  is  tilled  up  liy  n  thin  sbret  nf 
uervous  matter,  the  vaive  of  I7eiu^«»^,  which  thus  tor  a  liltU*  distjuarc  back- 
ward forms  a  riKif  for  the  front  part  of  the  fourth  vejitrirdc,  jtut  vhcmt  tbe 
luzenge-sha}>e<i  cavity  is  narrowing  to  l)eci)me  the  aqueduct.  Behind  the 
cerebellum  and  )>ons  comes  the  bulb,  which,  as  wo  have  said,  t*  tb«  thick* 
ened  floor  of  the  hind  part  of  the  hind-brain,  the  n>of  of  the  cavity  bcinf 
here  practically  wanting. 

Of  these  several  diviHious  the  flrsl  division,  that  of  the  crrshral  bani- 
spheres,  including  the  corpora  striata,  stand*  apart  from  the  ro»t  br  vrmfoa 
\)i)\h  of  its  origin  and  the  character  uf  its  devcloumoot.     As  «rc  sIiaII  m^^ 
this  anatomical  distinction  corresponds  to  a  physiological  difterenee.  ^^H 

Of  the  other  parts  of  the  brain  the  crura  cerebri  oeacnre  spectal  atUntSo^^ 
We  may  regard  these  as  starting  in  the  cord,  but  largely  aogmented  hi  tbt 
bulb;  they  travet^  the  pons,  where  they  are  still  fUrther  tncr««a<«l,  and 
paasiuff  beneath  the  corpora  quadrigemina,  with  which  as  well  as  with  tbr 
cereL^eilum  they  make  conueciious,  end  partly  in  the  region  o^  llie  oplk 
thalami  and  walls  of  the  third  ventricle,  but  to  a  great  extent  io  tbt  flatwial 
hemiapheres.  We  may  in  a  cvrlain  sende  consider  ihe  rvst  of  the  hruti  a* 
built  upon  and  attached  to  these  fundamental  basal  or  ventral  straoda. 

§  60o.  Cuunecteti  with  the  brain  are  a  series  of  paired  nervca,  the 
nerves.    The  first  ami  »*econd  itair,  the  olfactory  nerves  and  the  oplic 
dider  in  their  origin  and   mode  <if  development  from  all  tlw  TttH  10  flia4B- 
mentally  as  to  eau&o  regret  ihnt  they  are  iucludtnl  in  the  same  catv^irr-    Wis 
shall  consider  these  by  themselves  in  due  coun*e.    The  remai:  •,  fpum 

the  thinl  pair  to  the  twelfth,  forming  a  much  mure  homogi-u,  -^isgiBTr, 

we  shall  also  consider  in  their  proper  place.  We  must  now  turo  Io  4toil5 
iu  greater  iletail  some  of  the  structural  features  of  the  brain,  and  we  nav 
with  advantage  bfgin  with  Ihe  bulb. 


The  Bt:i.n. 


§  606.  The  bpinal  corfl.  as  it  ascendH  to  the  brain,  becomca  duuigvil  houm 
the  more  cumplex  bulb,  partly  by  a  shifting  of  the  ooatM  uf  tk^  Crscto  s^ 
white  fibres,  partly  by  an  ofieuing  up  of  the  narrow  eentrwl  canal  iaio  th« 
wide  and  su^wrfieiul  fnurth  vvutricle,  but  chiefly  by  the  d«eeU>|Mn«Bt  of  MV 
grav  matter. 

When  the  anterior  ventral  asftect  of  the  bulb  ts  exatmtir^l  'T^e.  166,  CjL 
it  Hill  bo  seen  that  the  anterior  coIumuB  of  thf  ivrtl  arv  l  -.I  for  wmm 
distaucti  in  the  m»lian  line  by  buuflloe  of  fibres  '^f^.  da:-,  ».^ appMriaf 
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to  rise  up  from  deeper  parts,  cro^  over  from  side  to  nde  ftod  so  oonlue 
line  of  the  anterior  fissure.  This  is  the  deewmation  of  die  pyramids, 
which  the  pla<'e  of  the  anterior  columuB  of  the  spinal  cord  k  uk«!n  bt 
lar;^r,  luore  pruiiiiiient  coluinntt,  the  pyramids  oi  the  bulb  (/^.).  whioi  ara 
Continued  forward  U>  the  hind  niargin  of  Uie  pona.  On  the  other  aide  ol^ 
hilenU  to,  each  pvramid  lies  a  projectint^  uvat  maw*  tha  olnery  ht4jf  or 
inferior  otit^e  (o/.)  separating  the  pyramid  trom  a  column  of  whiu  rnatt^.  **" 
reJitiJonn  body  (/?),  which,  occupying  tlie  lateral  region  of  the  Imlh. 
tra(^  backward  ap]>ear8  to  continue  the  line  of  Uie  latere!  oolumo  uf 
cord,  and  when  traced  forward  is  seen  to  run  up  to  the  CRrohellaos  ■ 
inferior  peduncle  of  that  organ.  On  the  j>ostenor  dor»al  aiqxwi  no 
decusaation  is  seen.  The  two  ixwlerior  columns  of  the  ami  direrve 
each  other,  leaving  between  them  a  triangular  space,  the  calnmus  tenpigrimt^ 
which  is  the  hind  part  of  the  lozenge-shaped  shallow  cavity  of  the  fbvrth 
ventricle.  As  the  cord  passes  into  the  bulb,  the  posterior  column  a»  e  whole 
grows  broader,  and  the  division  into  a  median  posterior  and  an  external 
poflterior  column  becomes  very  obvious  and  dintinrt  by  the  appeamnee  of  a 
conspicuous  furrow  separating  the  two.  At  some  distance,  bowerer,  la  ftvot 
of  the  point  of  divergeuce  of  the  columns  or  apex  of  the  calAniie 
rius.  the  furrow  becomea  less  marked,  and  it  eventually  fadce  ewejr.  la 
course  the  furrow  takes  such  a  line  that  the  median  posterior  oolnmn^ 
iug  the  immediate  lateral  bouudar}'  of  the  fourth  ventricle,  hea  the  epfHer* 
ance  of  a  strand  broad  l>ehind  but  thinning  away  in  front,  while  Lheextcrnel 
[posterior  column,  also  broadening  aa  it  advauoee  forward, seenw  to  he  wed^ld 
in  lietween  the  median  posterior  column  on  \ia  median  edge  and  the  twdftia 
body  on  iu>  lateral  edge;  hence  the  former  is  here  called  the  foMeieMMm  (9i 
Junieiiliu)  gracilis  {m,p.),  and  the  latter  the JaadntiuM  (or  funi^ud) 
(#.  p.).  Further  forward  both  c«>lumnM  seem  to  merge  with  eech  other 
with  fibres  which  curve  round  to  form  part  of  the  restiform  bodjr;  the  : 
tions,  however,  of  these  two  columns  to  each  other  and  tn  thi»  otbrr  peita  of 
the  bulb,  ns  well  as  the  nature  of  the  othrr  several  change*  by  which  the 
cord  is  transformed  into  the  bulh.  are  disclosed  by  transvcne  Ttttieal  (  ' 
ventral)  sections,  to  the  study  of  which  we  must  now  turn. 

A  H?clion  (Fig.  1H7,  1)  taken  at  the  hind  marjj;in  of  ib« 
which  level  the  first  cervical  nerve  takes  origin,  when  < 
tion  of  the  cord  at  the  level  of  the  second  ccrviaU  ner 
ahowA  that  certain  changes  are  alreadv  taking  place  in  i ' 
anterior  boms  are  not  much  altered,  but  the  pooterior 
pushed  iHii  laterally  and  dontally  so  that  the  poaierior  < 
retain  their  previous  great  depth,  become  very  much  l>r 
h)wer  down,  encroaching,  to  to  sjaaak,  on  the  lateral  columna. 
time  the  &ul>i(lauce  of  Rolando  («.  fj.),  forming  the  head  or  capor 
has  enlarged  into  a  more  or  less  ulobular  form,  and   lies  Uc 
the  conl  though  separated   (Vum  it  by  a  comi)act  tract  of  lou^n  ...ui^t  ..^•rm 
(V.  fi,Y  which,  as  we  shall  see,  belongs  to  the  Htth  cranial  nerve.     A  cwh 
aidvrahle  dovelopmrnt  of  the  reticular  forniation  (/.  rW.)  at  the  M<le  o/  the 
gray  maLt4*r  ventral  t(»  the  {Histerior  horn  Iimh  also  taken  plaoc.end  thSa 
tnc  shifting  of  the  position  i»f  the  p*»»terior  bom  haii  driven  the  letarml 
(/.  h, )  ncjirer  to  the  anterior  horn.      From  this  lateral  horu  a  root  d  tha 
eleventh  spinal  accessory  cranial  nrrvr  (XI.)  may  be  smd  taking 
Further*  a  great  increeae  of  gray  matter  njund  the  oeotfal  oaaal 
be  observed. 

These  changes,  however,  are  of  de^ee  only ;  what  eMOM  to  be  aa 
lutely  new  featnrp  is  the  presence  of  bundlce  of  fibres  1  /y  dee.)  whieh  starl- 
ing from  ttie  iinti  rtor  mliinin  nf  on^  Kidr  croM  ovrr  to  and  ar»  afkpar««)itt 
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M*Bt  in  tbe  gray  matter  of  the  neck  of  the  aateri<>r  horn  of  the  other  aide;  in 
eo  cni8»iDg  the  fibres  push  aside  the  bnttom  of  the  anterior  fiflsure.  When 
the  course  of  these  fibres  \s  investigated,  either  by  simple  microscopic  obser- 
vatiua,  or  still  better  by  the  method  of  degeneration,  it  ia  found  that  they 
naj  be  tracetl  from  the  anterior  column  of  one  side,  across  the  anterior 
oommiasure,  through  the  neck  of  the  auterior  horn  to  tbe  lateral  column  of 
ihe  opiKwite  aide,  and  to  that  part  of  the  lateral  column  which  wc  have  pre- 
viourtly  described  aa  the  croeeed  pyramidal  tract. 

In  a  section  a  little  higher  up  (Fig,  1H7,  2),  these  decuBsating  fibres  form 
on  each  side  a  large  strand  which  starta  from  a  part  of  the  anterior  column, 
now  becoming  distinctly  iimrke<l  ntfiis  the  pyramiil  (Py-),  and  is  apparently 
lost  in  the  reticular  formation,  but  in  reality  pajssea  on  to  the  crossed  pyra- 
midal tract  of  the  lateral  cohunn.  Tins  slranti,  a^i*  it  crosses  over,  completely 
cuts  off  the  head  of  the  anterior  horn  from  the  more  central  gray  matter, 
and  forms  with  its  fellow  a  large  area  of  decussating  fibre*  oetween  the 
bottom  of  the  anterior  fissure  and  the  wnlral  gray  matter.  When  a  surface 
view  of  the  bulb  is  examined  the  decussation  is  seen  to  be  effected  by  alter- 
nate bundles,  passing  now  from  right  to  left,  now  from  left  to  right;  and  in 
transverse  sections  we  find  correspondingly  that  the  anterior  fissure  appears 
bent  now  to  the  left  and  now  to  tbe  right,  according  as  the  section  cuts 
through  a  bundle  passing  from  left  to  right  or  from  right  to  left. 

In  sections  still  liigher  up  (Fig.  187,  'i  and  4)  this  conspicuous  strand  of 
fibres  crossing  obli(|ueIy  from  side  to  side  will  he  no  longer  seen;  decussating 
fibres  are  seen  dorsal  to  the  anterior  fissure,  but  the^e,  of  which  we  shall  -^peak 
presently,  are  of  ditierent  nature  and  origin.  The  fibres  which  in  8*fOtiou8 
below  were  seen  in  the  act  of  crossing  are  now  gathered  into  masses  of  longi- 
tudinal  fibres,  the  pyranjids  (/*/;.)  one  on  each  side  of  the  anterior  ti.isure, 
each  with  a  sectional  area  of  a  rounded  triangular  form  clearly  marked  out 
from  the  surrounding  stniotiire.s;  the  section  is  taken  above  the  decu.^ation 
of  the  pyramids.  Or,  tracing  the  changes  from  below  upward,  we  may  say 
that  the  decussation  ia  now  c<Hnplete;  on  each  aide  the  whole  of  the  crossed 
pyramidal  tract  of  the  spinal  vanl  has,  in  the  region  of  the  bulb  below  the 
level  of  the  present  sections,  cmased  over  to  tbe  other  side,  and  joining  with 
the  direct  pyramidal  tract  of  the  anterior  cfdumn  of  the  corfl  of  the  same 
Bide  has  become  the  pyramid  of  the  bulb.  In  other  words,  the  decussation 
of  the  pyramids  is,  as  we  have  already  hinte^L  the  passing  off  from  each 
pyramid,  and  the  cn:>?8ing  over  to  tbe  opposite  side  of  the  cord  of  those  fibres 
which  are  deetined  to  become  the  crossed  pyramiilal  tract  of  the  spinal  cord 
of  the  opposite  side,  while  the  rest  of  the  pyramid  pursues  its  course  on  the 
same  side  as  the  direct  pyramidal  tract. 

§  607.  In  the  spinal  cord  the  bottom  of  the  anterior  fissure  is  separated 
from  the  central  canal  by  nothing  more  than  the  anterior  white  commissure 
and  a  narrow  band  of  gray  matter,  composed  of  the  anterior  grav  commissure 
and  of  part  o(  the  central  gelatinous  substance.  During  the  <lecu8sation  of 
the  pyramids,  the  decussating  fibres  push,  as  it  were,  the  central  canal  with 
its  surrounding  gray  matter  to  some  distance  from  the  t>ottt)m  of  the  anterior 
fiMure.  In  sections  above  the  decussation  the  bottom  of  the  fissure  does  not 
a^aiu  approach  the  central  canal,  but  continues  to  be  removed  to  some  dis- 
tance from  it,  and,  as  we  pa^s  upward,  to  an  increasing  distance,  bv  the 
in t«>r position  of  tissue  which  consists  largely  of  decussating  fibres,  'fhese, 
however,  though  they  seem  to  continue  on  the  decussation  of  the  pyramids, 
are  shown  by  the  embryological  and  degeneration  meiho<]s  to  have  no  con- 
nection with  the  pyramids,  but  belong  to  another  system  of  decussation.  As 
»we  have  seen  (§  o65)  the  anterior  commissure  along  the  whole  length  of  the 
eord  contains  decussating  fibres.    Some  of  these  in  the  upper  part  of  the  cord 
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Ti{Ai«svKa»e  I>oftflo-vBNTftAL  SccnoKS  or  the  Biiui  fMAM)  AT  Dirrntczrr  Lcvku.   f&Mi.sK»««naj 

Fig.  1S7  and  FlgR.  IS'^IOT  fonn  a  series  of  transverre  dorwi-veiiCrml  wctlon*  of  the  Imtln  ukwi  •! 
dtnerent  It-veU  fmin  the  hind  end  of  the  bulb  U«  the  front  of  Ihr.  ililnt  vcutrirU- .  thr  scvmvi  ICTtli 
aresliowu  by  the  lIuGBdrawn  Id  FiR.  IM.  They  are  qU  mosnlfttNi  tw let'.  Tb<;  ilewli*  "- -i  >«i  t* 
thvMikc  of  slmi'llcity,  In  [lloKnuiiinatlc  ^hioit ;  the  white  niHltur  in  lefl  un«)iiuKi1,  <  ^* 

HbKS  Iwtng  iiidienled  In  u  feu'  im|iiruint  iiu)tanco»  only;  (b**  ^ny  luatler  ts  sbail*  'M 

uerve-«ll*  being  liidlc&ied  lu  tlie  ckv^  only  of  ibe  nucld  of  the  i^raiUal  nervoa     Tlir  wbmi  uf  <*«*- 
l>let«  bllaleml  t>yinmetry  uhlvb  1b  oHcu  met  with  la  lueb  ftei^Uoim  1«  lniliCMb.t)  tit  Kvrnvl  'A 
ngureii. 

t.  At  the  bind  limit  of  ibc  decuwatloo  nf  Uie  p>Tarold9 ,  2.  In  the  middle  nf  tbe  dwMUMUua 
the  \\Y\nt  end  of  »leoiL'*nti<»u  :  4.  Just  IjoIow  the  \*Ax\\  of  the  calamus  ftcrl|itoiiiL«  ;  5.  Juat  at 
IKilul ;  A.  Thniui^h  ih<?  iiil<1dlt;  of  (be  ala  ciueroa. 

iV>  Pynuul^li^;  Pu.dft:.  decasHillon  of  the  pyramid*'  >»....(  />./  Wrr,  4l|p^.rUlr  •le^'UMnnnn    t 
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are  fibrea  crossing  from  the  direct  pyramulal  tract  of  one  side  to  the  gray 
matter  of  the  other  side,  aud  so  may  be  regardefi  fl«  part  of  the  whole  pyra- 
midal tract ;  but  others  are  of  different  origin  ;  and  even  in  the  region  of  the 
actual  dccussHlioD  of  the  pyramids  some  ti  the  fibrea  which  cross  over  do  not 
belong  to  the  pyramidal  tract.  This  system  of  decussating  fibres  bectmies 
iQcreasingly  prominent  above  the  decussation  of  the  pyramids,  and  through 
it  the  ventral  area  of  tbe  bulb  between  the  central  canal  ami  the  anterior 
fiasure  is  much  increased.  The  fibres  as  ihey  cross  form  a  middle  line  of 
partition,  the  raphe  (Fig.  187,  4,  5,  r)  which  increases  in  depth  in  tbe  upper 
parts  of  the  bulb,  and  on  each  aide  of  the  raphe  help  to  break  up  the  gray 
matter  i^which  previously  formed  the  anterior  horns)  into  what  is  culled  the 
reticuhr  formation.  We  shall  return  to  this  presently,  but  may  here  call 
attention  to  a  8{>ecial  development  of  these  decussating  fibres  which  is  seen 
ju»t  above  the  decus8ati(m  uf  the  pyramids.  lu  a  section  at  this  level  (Fig. 
1H7,  ti)  a  strand  of  fibres  (.S'ripm  J*t/.  iice.)  may  be  seen  to  start  chiefly  from 
tbe  gracile  nucleus  but  also  to  some  extent  from  tbe  cuneate  nucleus,  to 
sweep  round  the  central  gray  matter,  and  to  decussate  ventral  to  this  between 
it  and  the  bottom  of  the  anterior  fissure.  This  is  called  the  superior  deeitJtJta- 
tion,  or,  for  retuons  which  we  shall  see  later  on,  the  ^it'tutory  decwMation, 

§608.  We  must  now  turn  to  the  p<«terior  fissure  and  its  relations  to  the 
fourth  ventricle.  We  saw  that  at  the  beginning  of  the  pyramidal  decussa- 
tion, the  pwlerior  horns  had  been  thrown  backward  and  outward  so  as  to 
increase  ine  posterior  columns.  The  posterior  fissure  is  still  of  great  depth, 
so  that  by  the  increase  of  depth  and  maintenance  of  depth  the  |>OHterii)r 
column,  the  lateral  limit  of  which  is  still  fiharply  marked  out  by  the  swollen 
head  of  the  posterior  horn  as  well  as  by  the  highest  posterior  rootlets  of  the 
firel  cervical  nerve.  ac«|nirpp  at  this  level  it8  maximum  of  bulk. 

From  this  pt)int  forward  the  depth  of  the  posterior  fissure  and  the  dorso- 
veatral  diameter  of  the  posterior  columns  diminishes.  The  head  of  the  htirn 
(Fig.  187,  *2)  is  thrown  still  further  outward  into  the  lateral  regions;  devel- 
opmenta  of  gray  matter  at  the  base  and  to  some  extent  at  the  neck  of  the 
horn  (of  these  wc  shall  spenk  presently)  encroach  (Fig.  187,  3)  dorsally  on 
the  white  matter  of  the  column;*;  and  the  central  gray  matter  appears  to  rise 
dorsally  at  the  expense  of  the  posterior  fissure,  in  coincidence  with  the 
development  de3cril)ed  above  as  taking  place  on  the  ventnd  side  of  the  canal. 

Still  a  little  further  forward,  in  a  section  for  instance  (Fig.  187,  4)  a  little 
way  l>ehind  the  apex  i}f  the  calamiiA  ttt^piariua^  the  central  gray  matter, 
which  still  forms  a  rounded  mass  around  the  central  canal,  ia  brought  yet 
Dearer  to  the  posterior  fissure. 

In  a  section  yet  a  little  further  forward  (Fig.  187,  5)  carried  through  the 
hinder  narrow  part  of  the  fourth  ventricle  itself,  it  is  seen  that  the  central 
canal  has  opened  out  on  the  dorsal  surfkce,  and  that  the  gray  matter,  which 


iotemal  aretute  fibrci ;  /.  a.  c.  oxtonwt  arcnate  fibres ;  Cb.  poslUon  or  ccrebdUr  treot ;  R  n»tlfomi 
to(3y  ur  lofcrlor  pviluDQle  ut  Ibe  cerebelloni ,  ^  p  external  |«)6lerior  ooluniD,  flwclculu^  cunfatus  ; 
^pmaMan  ixwlerinr  cnlumn,  (k»clciilus  gmv  lU  ;  r.  ni|>fie  ;  /.  A.  lateral  Imm :  m.  p.  c.  ntict«nK  of 
IbtlMdiMi  pQsleiior  column  or  vracUc  nucleus:  t.p.n.  nuoleti»of  tbe  external  poeiorior column  ur 
eVOBalc  nnclcu*  ;  r.  p.  n.  (m)  median  dlvlrlon  an<1 1.  p.  n.  {D  lateral  dlrlnlim  uf  the  «ame ;  at,  uUvury 
tody  ;  fd.  a.  ineillan  acwamo'-  •"'!  "'•  *  lateral  acecMory  iilfve;  (n.  til.  lnler.<»llvttry  lityer;  a  t  n. 
taterml  tantcru-latural)  nucleus :  ii.  a  arruaic  uiictcae ;  d.  €.  remnnnl  of  anterior  horn ;  /.  rt^.  reUcu- 
lar  AifiuaUon  ;  *  g  %ul»Uuive  of  Knlamlu  ;  u.  r.  e,  I.  anicrlur  nxit,  and  p.  r.  c.  1.  fMisterlor  nml  of  flnt 
evnrtoal  tierve  ;  XI.  rontof  K|tlnai  arrrMorynervti ;  XII  twtiiaii  ur  liypogUiMnliierre  :  n  XII.  tinolvua 
tf  flw  aarae  in  A;  tbe  ancient  iiiuy  be  tni<'e<l.  however,  ihiuugh  2.  3.  i,b.  In  conDection  with  the 
A(«aof  ibe  nerve  :  «  X  KnM>r>-  i>r  nialii  |«rt  of  the  ifl"Hio-|ihurynKvaI-vaffo-AOcenory  nucteoB:  X. 
r»r  nurleuit  nf  the  vniftw,  or  nuctoiit  ainhtgiiii}< :  IK  n.  iMoendlnKmotnf  theglono>pharyngt'al 
:  V.  n  aatvntllnir  root  of  thv  riRh  iK>r\'e:  4th.  fuarth  vemrli^le;  Uie  ependsmu  or  llnlnx  la 
ibf  a  thick  dark  Unc;  aud  lu  i  mid  i>,  thvtootb-llkvtwcliuii  of  UieprojucUng  obex  la f how n. 
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in  previous  sections  snrroiimied  it,  is  now  exposed  to  the  surface  on  the  floor 
of  the  veulricle,  the  iiiedmu  posterior  col u tuns  being  thrust  aside.  In  a  still 
more  forward  section  (Fig.  187,  f^)  this  gray  matter  in  correspondence  with 
the  increasing  width  of  the  ventricle  occupies  a  still  wider  area,  thrusting 
still  further  aside  the  narrowing  upper  onds  of  the  two  posterior  columns. 

During  these  successive  changes  the  large,  wide  posterior  (both  external 
notiterior  and  median  {>o8terior)  columns  of  the  cervical  spinal  cord  and 
beginning  bulb,  are  reduced  to  small  ditueusions  and  in  the  end  disappear  ; 
but  before  we  speak  of  the  course  nud  fate  uf  the  tracts  of  fibres  constituting 
these  columns  we  must  turn  to  the  important  changes  of  the  gray  matter. 

$609.  A  transverse  section  through  the  lower  end  of  the  decussation  (Fig. 
187,  1)  shows,  as  we  have  said,  few  diflerenc«s  as  regards  the  gray  matter 
from  one  taken  at  the  level  of  the  second  cervical  nerve.  The  changes 
noticeable  are  mainly  the  change«  in  position  of  the  posterior  horns,  the 
increa.««  of  central  gray  matter  around  the  central  canal,  the  approach  of  the 
lateral  horn,  from  which  spring  the  roots  of  the  spinal  accessory  nerve,  to 
the  anterior  horn,  and  an  increase  of  the  reticular  formation  in  the  bay 
ventral  to  the  posterior  horn. 

In  the  middle  of  the  decussation  (Fig.  187,  2)  the  decussating  Hbree  are 
cutting  the  head  of  the  anterior  horn  away  from  the  base  of  the  horn  and 
the  central  gray  substance,  nuil  the  isolated  head  is  diminished  in  size,  being 
separated  from  the  surface  of  the  cord  by  an  increasing  thickness  of  white 
matter.  The  lateral  horn  and  origin  of  the  spinal  accessory  root  do  not  share 
in  this  isolatioD,  but  are  driven  back  again  doreally  toward  the  posterior  root 
to  joiii  the  reticular  formation  which  is  increasing  in  area,  while  the  lateral 
column  of  white  matter  is  diminishing  in  bulk  by  the  withdrawal  of  the 
pyramidal  tract. 

Still  a  little  further  forward,  the  anterior  horn  seems  at  first  sight  to  have 
wholly  disappeared  (Fig.  187,  3  and  4),  but  its  disappearance  b  coincident 
with  an  increase  of  tlie  reticular  formation  in  the  position  of  the  lateral 
columns,  as  well  as  with  the  growth  of  tissue  meutioned  above  between  the 
anterior  fissure  and  the  central  gray  matter.     In  fact,  between  the  anterior 
pyramids  on  the  ventral  side  and  the  largely  increased  and  laterally  expanded 
grav  matter  on  the  dorsal  side,  a  large  area  of  peculiar  tissue  now  extends  on 
eact  side  for  a  considerable  distance  from  the  middle  line  of  the  raphe,  en- 
croaching on  what  waif  the  lateral  column  of  white  matter;  and  a  corre- 
sponding area  of  similar  tissue  may  be  traced  from  this  level  through  the 
higher  parts  of  the  bulb  up  int-o  the  pons  and  crura  cerebri.     The  tissue  con- 
sists of  nerve  fibres  running  transversely.  longitudinally,  and  in  other  direc- 
tions, so  as  to  form  a  network,  the  bars  of  which  are  often  curved  ;  and  with 
these  fibres  are  found  branched  nerve-cells  in  considerable  number,  svime  of" 
them  small,  bn^th  fibres  and  cells  being  as  elsewhere  imbedded  in  neuroglia- 
Though  dtHering  from  the  ordinary  gray  matter  of  the  cord  by  the  more- 
open  character  of  ita  network,  it  may  l>e  considered  as  a  form  of  gray  matter. 
We  may  consider  it  as  being  in  reality  the  gray  matter  of  the  apparently^ 
lost  anterior  horn  broken  up  and  dispersed  by  the  passage  of  a  large  number- 
of  fibres  and  bundiea  of  fibres,  especially  of  the  decussating  fibres  spoken  of" 
in  §606,  which  since  they  curve  through   this  area  from  the  middle  line- 
laterally  are  called  arcuate  or  arciform  fibres,  irt^er?ia/  armaie  fibres  (Fig. 
187,  6,/.  a.  I.)  tf>  distinguish  them  from  the  external  orciiafe  jibren  (f.  a. «!) 
of  which  we  shall  speak  presently.     Fragments  of  more  compact  gray  mat- 
ter also  belonging  probably  to  the  anterior  horn  are  seen  at  intervals  in  this 
area,  Fig.  187,  6,  ac.  and  elsewhere.     AVe  have  seen  that  nearly  all  the  wir 
■long  tlie  cord  the  gray  matter  uf  the  neck  uf  the  posterior  horn  is  similarl/ 
broken  up  by  bundles  of  fibres  into  what  we  there  called  the  reticular  form*- 
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fjSg^  176,  177,  r.f.  p.  and  r.f.  /.);  and  this  area  in  the  bulb  though  it 
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aracters  of  its  own  la  also  called  Uie  reticular  formali 
more  lateral  portion  of  this  formation,  the  network  is  moro  ofK^u  and  irregu- 
lar, the  fibres  are  finer,  and  the  nerve-cella  are  more  abuudant  tliau  in  the 
median  portion  wliere  the  nerve-cells,  except  iu  the  iinmediate  neighborhood 
of  the  raphe,  are  lesa  numerous  or  even  absent,  and  the  Hbres  are  coarser. 
These  two  parU  are  sometimes  distinguished  aa  the  outer  or  lateral,  and  the 
inner  or  meiiian  formation.  In  the  middle  line  the  fibres  distinctly  interlace 
and  decussate  in  au  oblique  manner,  s<3me  running  nearlv  vertically  in  the 
dorso-ventral  plane,  thus  constituting  as  we  have  said  a  thick  raphe,  which, 
however,  at  its  edees  gradually  merees  into  the  more  open  network. 

§  610.  Within  the  area,  bounded  by  the  pyramids  veutrally,  the  expanded 
gray  matter  doraally,  the  raplie  iu  the  middle  line,  and  the  white  matter 
laterally,  certain  distinct  compact  masses  of  gray  matter  make  their  appear- 
ance, as  wepaae  upward  Uiward  the  pons. 

One  of  the  moat  important  of  these  gives  rise  to  the  olivary  bodt/^  or  in/ei-ior 
oiive  which,  as  we  have  seen,  projects  as  an  oval  mass  (Fig.  186,  oL)  on  each 
side  of  the  pyramids,  reaching  from  a  level  which  is  somewhat  higher  up 
than  the  lower  limit  of  the  pyramids,  almost  but  not  quite  to  the  poos.  The 
olivary  body,  as  a  whole,  consists  partly  of  white  matter,  that  is,  of  fibres, 
and  partly  of  gray  matter,  sometimes  called  the  olivary  nucUnn.  This  latter 
is  dispi^seNi  in  the  form  of  a  hollow  Ilask  or  curved  bowl,  with  deeply  folded 
or  plaited  walls,  having  a  wide  of)ca  mouth  directed  inward  toward  the  mid- 
dle line,  and  forward  toward  the  pons  (Fig,  187,  4,  5,  6.  ol.).  The  riask  is 
filled  within  by  white  matter,  and  covered  up  on  its  outside  with  white  mat- 
ter as  well  as  traversed  by  fibres.  The  gray  matter  thus  forming  this  Hask* 
shaped  nucleus  consists  of  small  rounded  nerve-cells,  lying  in  a  bed  of  tissue 
which  is  partly  ordinary  neuroglia,  and  partly  a  fine  nervous  network. 

Lying  to  the  median  side  of  the  olivary  body,  immediately  dorsal  to  the 
anterior  pyramid  is  another  small  mass  of  gray  matter,  in  the  form  of  a  disc, 
appearing  in  transverse  sections  as  a  thick  l>ent  rod,  in  some  sections  consist- 
ing of  two  parts  (Fig.  187,  4.  ol.  a.).  This  is  the  accessory  olivary  nueletta,  A 
very  similar  body  lies  dorsal  to  the  olivary  nucleus,  in  the  lateral  reticular 
formation  ;  this  is  also  called  an  accessory  olivary  nucleus,  being  distinguished 
(Fig.  187,  6,  ol.  e.)  by  the  name  out^  aoceuory  nucleus  from  the  above-men- 
tioned inner  ac/^essortf  nucleus.  It  will  be  observed  in  these  transverse  sec- 
tions that  the  inner  acce^ory  nucleus  is  separated  from  the  olivary  nucleus 
by  a  bundle  of  white  fibres  (Fig.  187,  4,  5,  *j,  XII.)  which,  running  ventrally 
firom  the  gray  matter  in  the  dorsal  region,  comes  to  the  surface  between  the 
anterior  pyramids  and  the  olivary  body.  This  is  the  hypoglossal  or  twelfth 
aranial  nerve. 

On  the  surface  of  the  anterior  pyramid  itself  is  seen  on  each  side  a  small 
mtm  of  gray  matter  (Fig.  187,  5,  6.  n.  a.),  which  since  it  appears  to  be  con- 
nected with  a  system  of  superficial  transverse  fibres,  which  we  shall  describe 
directly  as  the  ejierual  arcMaifi  fibres  (Fig.  1K7,  3,  4,  5,  (J,/,  u.  «.),  is  called 
the  arexiaU  nucleus.  It  seems  to  beloug  to  the  same  group  as  the  accessory 
olivtifl. 

Lutly,  a  small  ^mewhat  diffuse  collection  of  gray  matter  is  seen  in  sec- 
tions as  a  rounded  mass  of  irregular  form  placetl  lateral  to  the  reticular 
ibnnation  (Fig.  187,  4.  5,  6,  a.  L  u.).  This,  which  at  its  first  appearance 
•eema  to  be  budded  off  from  the  general  mass  of  gray  matter  (Fig.  187.  3, 
a.  L  n)  and  which  is  probably  a  detached  portion  of  the  base  of  the  anterior 
horn  or  of  the  lateral  region  of  the  gray  matter,  is  called  the  lateral  or 
ontero-Uiiernl  nucleus. 

Hence,  l)e8ides  the  diffuse  reticular  formation,  this  ventral  part  of  the  bulb 
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coDtatna  more  sharply  defined  collections  of  gray  matter  in  the  olivary 
nucleus,  and  the  other  bodies  just  mentioned. 

§  611.  We  must  now  turn  to  the  doraul  part  of  (he  bulb.  Here  in  the  fir»l 
place  we  must  distinguish  between  the  portions  i»f  gray  matter  which  are 
more  immediately  connected  with  the  cranial  nerves  taking  origin  fn»m  thta 

fart  of  the  bulb,  and  the  portions  which  have  no  such  obvious  connection. 
n  the  spinal  c<^ird,  the  anterior  horns  supply,  as  we  have  seen,  the  origins  of 
the  successive  anterior  motor  nerves;  but  in  the  transformation  of  the  cord 
intn  the  Inilb  the  anterior  horns  have  been  broken  up  or  displac^i ;  and  the 
part**  of  the  anterior  horns,  serving  as  the  nuclei  of  origin  for  motor  nerves, 
have  been  translated  from  the  ventral  to  the  more  dorsal  regions.  Hence.it 
is  in  the  more  domal  part  of  the  gray  matter  that  we  have  to  seek  for  the 
nuclei  of  origin  not  only  of  atterent  but  also  of  motor  cranial  nerves.  It 
will  be  convenient  to  consider  all  these  nuclei  of  origin  of  cranial  nerves  by 
themselves,  and  we  may  here  confine  ourselves  to  the  gray  matter  of  other 
nature.  We  may,  however,  say  that  these  nuclei  from  that  of  the  third 
nerve  backward  are  more  or  less  closely  associated  with  the  gray  matter 
immediately  surrounding  the  central  c^inal.  This  central  gray  matter,  in  the 
narrow  sense  of  the  term.  Is  marked  out  somewhat  low  down  (Fig,  187,3) 
by  the  fibres  of  the  sensory  decussation  which  sweep  rotind  it ;  it  api>earH  in 
sections  higher  up  as  a  fairly  distinct  region  (Fig.  187,  4);  and  it  is  this  part 
of  the  gray  matter  which  is  exposed  on  the  floor  of  the  fourth  ventricle  when 
the  central  canal  (Fig.  187,  5,  Bj  opens  out  into  that  spnce.  We  say  ex- 
pceed;  but  in  reality  the  true  gray  matter  is  covered  by  a  superficial  layer 
of  tiaaue  of  a  peculiar  nature  (inclicated  in  Fig.  187,  6,  6,  by  a  thick  black 
line)  similar  to  that  which  is  found  at  the  hind  end  of  the  conue  medullaris 
in  the  spinal  cord. 

We  saw  that  at  the  level  of  the  first  cervical  nerve  coincident  with  the 
horizontal  tlattening  out  of  the  posterior  horns  the  posterior  columns  a.<eumed 
very  large  dimensions.  In  this  region  (Fig.  187,  1)  they  consist  entirely  of 
white  matter — that  is,  of  longitudinal  fibres. 

At  a  little  higher  level,  however,  at  the  level  of  the  middle  of  the  decuKsa- 
tion  for  example,  nu  islet  of  gray  matter  (Fig.  187.  2,  m,  p.  n.)  makes  its 
appearance  in  the  median  posterior  column.  A  little  further  forward,  at  the 
level  of  the  established  pyramid!^,  it  will  be  seen  (Fig.  187,  3)  that  this  islet 
is  the  hind  end  of  an  invasion  from  the  more  centrally  placed  gray  matter, 
and  that  at  the  same  time  there  hn»  taken  place  a  similar  inroad  of  gray 
matter  into  the  external  posterior  column  (Fig.  187,  3»  e.  p.  n,);  indeed,  ■ 
slight  extension  of  gray  matter  into  the  external  posterior  column  may  be 
seen  even  before  this  (Fig.  187,  2,  e.  p.  ri.).  It  will  further  be  ol>served  that 
these  gray  masses  have  so  largely  encroache<l  on  the  white  matter  that  both 
the  median  posterior  or  fasciculus  gracilis  and  the  external  posterior  column 
or  fasciculus  cuneatus,  instead  of  being  simply  tracts  of  white  fibres,  as  they 
were  in  the  hinder  part  of  the  bulb  and  in  the  cord,  have  now  become 
columns  of  gray  matter  covered  by  a  relatively  thin  layer  of  white  fibres. 
These  columns  of  gray  matter  are  now  called  respectively  the  median  poMe- 
rior  nurhuA  or  utirifii^  fastucuH  ffraciltA,  or,  more  shortly,  the  gracile  nuclttu; 
and  the  external po9terior  uueletu^  or  iincUtt^  fasciculi  cuneatt,  or  the  cutuiatfi 
wwlmis.  From  the  ventral  aspect  of  these  nuclei  a  larger  number  oi' fibres 
pass  ventrally,  with  a  more  or  less  curved  cf>nr»e,  to  form,  as  we  have  seen 
(S  606),  the  superior  decussation  and  to  pursue  certain  paths  through  the 
reticular  formation,  of  which  we  shall  speak  later  on.  It  is  at  this  level  and 
for  some  little  distance  above  (Fig.  180,  4,  -5)  that  these  nuclei  ae«fuire  their 
greatest  development.  Further  forward  (Fig.  187,  6),  when  the  fiairth  ven- 
tricle has  opened  out  and  the  nuclei  of  the  cranial  nerves  are  becoming  con- 
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tcnous,  and  the  posterior  columns  have  been  thniat  asiile  laterally,  both 
I  nuclei  have  dirainished  in  size;  9till  further  forward  they  become  still 
t«matler,  and  toward  the  pons  they  gradually  disappear. 

The  niaas  of  gelatinous  substance,  foraging  at  the  level  of  the  first  cervical 
nerve  the  gwollen  caput  of  the  horn  ch«e  to  the  surface  but  separated  from 
it  by  »  band  of  fibres  (  Va.)  of  fine  calibre,  to  which  we  have  already  referred 
aj  belongiog  to  the  fifth  cranial  nerve,  increases  in  bulk  at  a  somewhat 
higher  lever(Fig.  187,  2,  3,  «.  f/.)  and  forms  on  the  surface  a  slight  projec- 
tion, called  the  tubercle  of  RoUuido.  It  soon,  however,  Iwicomes  thrust  ven- 
trally  bv  the  divergence  of  the  posterior  cohinins,  and  more  and  more  covered 
up  by  the  fibres  which  are  going  to  form  the  increasing  reatif<jrm  body  (Fig. 
187,  4, .'),  6,  /?).  Retaining  this  position  the  islet  of  gehitinrjus  substance 
dinaiuiflhes  in  size  further  forward  (Fig.  188, «.  ^.j,and  eventually  disappears. 


Fio.  iw. 
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Throcgu  mt  Bi'LB  Jrar  DctiiMn  the  Poys.    (Shehiunoton.)    Tftken  In  the  line  IM.  Fig.  19A. 

iV-PrnniM«;  if.  restlfonn  bcMljr :  C^1^  c«rebcllain;  i^.  fiUei;  /.  a.  <■.  cxlern&l, /.  a.  tf.  lutenml 
a^ruAie  fibtvs;  t  bundle  nf  fibres  fhiio  oUrc  to  the  lentlcnUr  nucleus;  t.  potterlnr  loDglludlnat 
l>iin<lte«;  r  f.  I.  nncleusof  the  fksdculiu  t«re«;  «.  a.  tuperlor  oUre;  n.  e.e.  nucleiu  ceulr&IU  (the 
lUArkt  within  It  an  wctioiu  of  bundles  of  fibres  by  whlcb  it  li  trm verted) ;  j. )?.  nibetance  of  RolAndo : 
V.a.aaoeodlag root  offlflh  nerre ;  VII. o. nacleusof  thctwventh  nerve;  VIII. Kudltorynerre, cblefly 
tlM>  donftl  or  cocbteftr  Ttx>t ;  VIII.  a.  mcdlun  nticU^un ;  VIII.  ^.  lateral  nueleun ;  VIII.  y.  acccMory 
nodeitt  of  auditory  nerve ;  IX.  dbrcs  of  root  of  ninth  norvo  puaing  through  ascending  root  of  Rfth 


$  612.  The  fibres  of  the  bulb.  It  is  obvious,  from  what  has  already  been 
said,  that  the  arrangement  into  posterior,  lateral,  and  anterior  columns,  so 
clear  and  definite  in  tlie  spinal  cord,  becomes  broken  up  in  the  bulb ;  indeed 
it  will  be  1>e8t.  in  treating  of  the  bulb,  not  to  attempt  to  trace  out  these 
columns,  but  to  speak  of  the  course  of  the  several  tracts  into  which  these 
oolumnfi  may  be  divided. 

The  direct  and  crciss  pyramidal  tracts  of  the  cord  unite  to  form,  as  we 

have  seen,  the  pyramid  of  the  bulb,  and  so   pa^s  on  to  the  pons.     We  iietni 

•ay  nothing  more  at  pre^nt  concerning  this  important  pyramidal  strand, 

txceftt  that,  as  we  trace  it  down  from  the  pons  to  the  spinal  cord,  it  gives  off* 

II  the  bulb  it«elf  fibres  wliich  make  connections  with  the  motor  fibre^i  of  ihe 

cranial  nerves  proceeding  from  this  region. 

Concerning  the  course  taken  by  the  other  less  csonsmcuouB  "descending" 
tract,  the  antero-lnteral  descending  tract,  oar  knowledge  is  very  im{>erfect; 
nothing  definite  can  be  said  at  present. 

The  cerebellar  tract,  occupying  nejir  to  the  surface  a  position  which  in  the 
series  of  sections  (Fig.  187,  Cb.)  appears  now  nither  more  ventral,  now  more 
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dorsftl,  evetituftlly  pnsses  into  the  reetiform  body,  of  wliich  it  forms  a  large 
part,  u lid  thus  reuches  the  cerebellum.  The  anlero-lateral  ascending  tract 
possibly  also  take«  the  same  course,  but  this  is  unt  as  yet  certain. 

The  median  posterior  tract  or  column,  becoming  the  fasciculus  gracilis, 
eiitl!»  in  the  gracile  nucleus  ;  and  in  a  sfimilnr  manner  the  external  posterior 
column,  or  fasciculus  cuneatui*,  ends  in  the  median  and  lateral  masses  of  the 
cuneate  nucleus.  As  we  have  seen,  the  white  matter  of  these  culumos 
diminishes  as  the  nuclei  increase  ;  and  the  nuclei  after  absorbing,  so  to  speak, 
the  white  matter  diminishes  in  turn ;  the  ascending  degeneration  observed 
in  these  columos  stops  at  these  nuclei.  It  is  a  suggestive  fact  that  as  these 
nuclei  diminish  forward  the  reatiforra  body  increases  in  bulk. 

The  remaining  fibres  of  the  cord,  belonging  i>artly  to  the  anterior  column 
and  partly  to  the  lateral  column,  nut  gathered  into  any  of  the  above-men- 
tioned tracts,  appear  to  end,  chiefly  at  all  events,  in  the  reticular  formation 
of  the  bulb  it«elf,  though  some  are  carried  on  to  the  higher  parts  of  the 
brain. 

v}  613.  Thus,  of  the  various  tracts  or  strands  of  the  spinal  cord,  two  only 
are  know  definitely  and  certainly  to  pass  as  conspicuous  unbroken  strands 
through  the  bulb  to  or  from  higher  parts;  namely,  the  pyramidal  tract  to 
the  cerebrum,  and  the  cerebellar  tract  to  the  cerebellum.  All,  or  nearly  all, 
the  rest  of  the  htngitudinal  fibres  of  the  con!  reaching  the  bulb  end,  as  far  as 
we  know  at  present,  in  some  part  or  other  of  the  bulb  ;  and  we  may  infer  that 
Borne  or  other  nervecells  of  the  bulb  serve  as  relays  to  connect  these  fibres  of 
the  cord  with  other  parts  of  the  brain. 

The  gracile  and  cuneato  nuclei  stand  out  conspicuoualy  as  relays  of  this 
kind,  and  through  them  the  posterior  columns  of  the  cord  make  aecondaiy 
connections  on  the  one  hand  with  the  cei*ebel1um,  and  ou  the  other  band 
with  various  regions  of  the  cerebrum.  We  have  said  (J  607)  that  fibr«i 
passing  ventrally  from  the  gracile  and  cuneate  nuceli  sweep  in  a  curved 
course  through  the  reticular  formation  aa  the  internal  arcuate  fibres  (Fig. 
187,/.  a.  i.).  The  hindmost  of  these  form  the  superior  decussation  already 
referred  to  aa  seen  in  sections  of  the  lijre-part  of  and  in  front  of  the  pyramidal 
decussation  (Fig.  187,  3,  Supra  Py,  dee.).  After  decussating  ventral  to  the 
central  canal,  these  ^bres  form  an  area  called  the  ititer-olivftry  luifer  {Fig. 
187, 4,  in.  oL),  lying  dorsal  to  the  pyramids  between  two  of  the  olivary  nuclei. 
This  layer  may  be  regarded  as  the  hind  end  or  beginning  on  each  side  of  a 
remarkable  longitudinal  strand  called  the/Z^^n  Figs.  186,  £.  F.,  188.  f.). 
of  the  coonectrons  of  which  in  the  front  part  of  the  brain  we  shall  speak 
hereafter.  Thus  these  two  nuceli  are  the  source  of  fibres  which  cross  to  the 
other  side  of  the  bulb,  and  reaching  the  inter-olivary  layer  dorsal  to  the 
pyramids  run  up  to  higher  parts  of  the  brain  by  the  fillet.  We  may  add 
that  the  formation  of  the  liHet  is  also  probably  assisted  by  fibres  from  a  tract 
which  lies  just  dorsal  to  the  inter-tdivary  Inyer,  and  is  derived  from  the  ante- 
rior calumnj*  of  the  cord.  Besides  its  fibres  of  deecending  degeneration  the 
anterior  column  containfl  fibres  of  aacending  degeneration,  and  these  riae 
dorsally  in  the  bulb  to  form  tlie  tract  in  f)uestion.  Though  the  whole  tract 
is  of  some  length,  the  component  fibres  appear  to  be  short. 

The  gracile  and  cuneate  nuclei  give  rise  also  to  other  fibres  which,  though 
also  sweeping  ventrally  and  crossing  to  the  other  side,  do  not,  when  they 
reach  the  inter-olivary  region,  assume  a  longitudinal  direction,  aa  do  the 
fibres  forming  the  fillet,  but  as  external  arcuate  fibres  (Fig.  1S7,/.  a.  c) 
pursue  a  course  which  is  at  first  ventral  along  the  side  of  the  anterior  fissure, 
and  then  lateral  over  the  ventral  surface  of  the  pyramid  and  olivary  nucleus, 
by  which  path  they  reach  the  lateral  surface  of  the  bulb,  and  so  the  re8tiR>rm 
body  and  cerebellum.     In  this  way  the  two  nuclei  in  question  contribute  in 
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the  restiform  body  of  the  opposite  side  of  the  bulb.  These  external  arcuate 
fibrea,  which  a£  they  sweep  round  the  ventral  8U  rfaee  of  the  pyraHii<l  traverse 
the  nrcuate  nucleus,  though  they  vary  much  in  individiiJi]  brains,  form  a 
coDsiderable  portion  of  the  white  matter  seen  on  the  ventral  and  lateral  sur- 
faccfl  of  the  bulb;  it  ia  hv  them  that  the  olivary  nucleus  is  covered  up. 

The  cuoeate  and  grncile  nuclei,  besides  this  crossed  and  somewhat  round- 
about cuunection  with  the  restiform  body  of  the  opposite  side,  are  believed 
to  have  more  direct  connection  with  the  restiform  body  of  the  same  side  by 
means  of  fibres  which  pass  by  a  more  or  lees  direct  lateral  path  from  them  to 
it.  Accepting  this  view^,  we  may  say  that  the  two  nuclei  are  connected  with 
the  opposite  side  of  the  cerebellum  by  external  arcuate  fibres,  and  with  the 
■ame  aide  of  the  cerebellum  by  the  other  fibres  just  mentioned.  In  any  case, 
the  connection  between  the  two  nuclei  and  the  cerebellum  is  large  and 
important. 

Thus  the  imf)ortant  strand  of  Hbrcs  which  is  called  in  the  bulb  the  resti- 
form lK>dy,  and  hij^her  up  the  inferior  peduncle  of  the  cerebellum,  is  con- 
nected with  the  spinal  cord  in  two  chief  ways;  directly  by  means  of  the 
cerebellar  tnict,  and  indirectly  by  niean?*  ni*  the  cuneate  and  gracUe  nuclei, 
which,  as  we  have  said,  dimiuitili  in  hulk  forward  as  Che  restiform  body 
increases.  By  the  relay  of  the  gracile  nircIeuH  it  ia  brought  into  connection 
with  the  median  posterior  column  along  the  whole  length  of  the  cord,  and  so 
with  that  division  of  the  posterior  roots  which  (§  578)  in  each  of  the  several 
apinal  nerx'es  goes  to  form  that  column.  By  the  relay  of  the  cuneate  nucleus. 
it  is  brought  into  connection  with  such  parts  of  the  external  poeterior  column 
as  end  in  that  nucleus,  and  thus  probably  with  other  HbreA  of  the  posterior 
roots  of  the  upper  spinal  nerves.  And  if  we  admit  that  the  cerebellar  tract 
k  connected,  by  the  relay  of  the  vesicular  cylmder  or  by  other  nerve-cells, 
with  the  rest  of  the  posterior  roots  of  the  spinal  nerves,  we  may  conclude 
that  the  restiform  body  is.  by  means  of  these  relays,  a  prominent  continua- 
tion of  all  the  ppinal  i>oeterior  roots. 

The  restiform  body  and  so  the  cerebellum  is  also  8j>ecially  connected  with 
the  olivary  body  of  the  opposite  side;  for  when  in  young  nniraiils  one  side 
of  the  cerebellum  is  removed,  the  olivary  body  of  the  op|x>site  side  atrophies. 
The  course  of  the  fibres  maiutainiug  this  connection  is  not  as  yet  accurately 
known,  but  they  probably  pass  from  the  olivary  nucleus  of  one  side  through 
the  inter  olivary  layer,  and  so  laterally  through  the  reticular  formation  of 
the  other  side,  Tjistly,  we  may  add  thfU  a  tract  which  is  Aometimes  include*! 
in  the  restiform  body  a^  its  median  or  inner  division  has  quite  a  different 
origin  from  any  of  the  above;  the  fihrerf  which  compose  it  come,  as  we  shall 
aee,  from  the  auditory  nerve. 

The  further  connections  of  the  bulb  with  the  cerebrum  it  will  be  best  to 
leave  until  we  come  to  deal  with  the  structural  arrangement  of  the  rest  of 
the  brain. 

Meanwhile  enough  has  l>een  said  to  show  that  the  bulb  ditfers  ven*  mate- 
rially in  structure  from  the  fi|tinal  cord.  The  gray  matter  of  the  bulb  is  far 
more  complex  in  its  nature  than  is  that  of  any  part  of  the  cord;  and  the 
arrangement  of  the  several  strands  and  tracts  of  fibres  is  far  more  intricate. 
The  ittructural  features  on  the  whole  perhaps  suggest  that  the  main  functions 
of  the  bulb  are  twofold:  on  the  one  hand,  it  seems  fitted  to  serve  as  a  head 
centre  governing  the  spinal  cor<i.  the  various  reins  of  which,  with  the  ex- 
ceptions noted,  it  holds,  as  it  were,  in  its  hands ;  on  the  other  hand,  it  appears 
no  Ie9»  adaptetl  to  act  as  a  middleman  between  parts  of  the  spinal  cord  below 
and  various  regions  of  the  brain  above.  As  we  shall  see,  experiment  and 
(ibeerTation  give  support  to  these  suggestions. 
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^  614.  As  we  mm  tip  froin  the  bulb  lo  the  higher  parU  of  the  brain 


diflcn-'iitiation  of  thp  gmy  iimttcr  intd  more  or  less  separate 
we  have  seen  begin  in  ihe  liulb,  becomes  still  more  striking.  We  hnve  to 
distin^uiBh  a  large  nuniber  dI'  areas  or  collections  of  gray  matter,  more  or 
less  regular  in  form  and  more  or  less  sharply  defined,  from  the  Burroiindin^ 
white  matter ;  lo  such  collections  the  several  t^rrus  corpus,  locuif.  nucleus, 
and  the  like,  have  from  time  to  time  been  given.  These  areas  or  collections 
vary  greatly  in  size,  in  form,  and  in  histological  characters  ;  they  differ  from 
each  other  in  the  form,  size,  features,  and  arraugemcut  of  the  nerve-cells,  in 
the  characters  of  the  nervous  network  of  which  tlie  nerve-cells  form  a  part, 
and  especially  perhapa  in  the  extent  to  which  the  more  distinctly  gray  matter 
is  traversed  and  broken  up  by  bundles  of  white  fibres.  Guided  by  the 
analogy  of  the  spinal  cord,  as  well  as  by  the  result*  of  experiments  and 
observations  directed  to  the  brain  itself,  we  are  led  to  believe  that  the  com- 
plex functions  of  the  brain  are  intimately  associated  with  this  gray  matter; 
and  a  full  knowledge  of  the  working  of  the  brain  will  curry  with  it  a  knowl- 
,edge  of  the  nature  and  meaning  of  the  intricate  arrangement  of  the  cerebral 
gray  matter.  At  present,  however,  our  ignorance  as  to  theee  things  is  great; 
and,  though  various  theoretiL-al  clarifications  of  the  several  collections  of 
gray  matter  have  been  proposed,  it  will  perhafjs  be  wisest  to  content  our- 
eelvee  here  with  a  very  broad  and  ainifde  arrangement.  We  will  divide  the 
whole  gray  matter  of  the  brain  into  four  categories  only :  1.  The  central 
gray  miiLler  lining  the  neural  canal ;  and  this  we  may  consider  the  nuclei  of 
the  cPHiiial  nerves,  some  of  which  are  closely  associated  with  it.  2.  The 
superticial  gray  matter  of  the  roof  of  some  of  the  main  divisions  of  the  brain, 
such  as  that  of  the  cerebral  hemi.spherea.  and  of  the  cerebellum.  3.  The 
intermediate  gray  matter  more  or  less  closely  connected  with  the  crura 
cerebri.  4.  Other  collections  and  areas  of  gray  matter.  We  will,  more- 
over, confine  ourselves  at  present  for  the  moat  part  to  their  general  features 
and  topography,  reserving  vvhat  we  have  to  say  concerning  their  histological 
characters  for  another  occaaion. 


1.   The  Central  Gray  MtUtfr  and  the  Nuclei  of  the  Cranial  Nervea. 


n 


$  615.  The  ventricles  of  the  brain,  like  the  central  canal  of  the  spinal 
cord,  of  which  they  are  a  continuation,  are  lined  by  an  epithelium  which  is 
in  general  a  single  layer  of  columnar  cells  said  t*i  ciliated  thioughout. 
though  it  is  often  difficult  to  demonstrate  the  cilia.  Beneath  this  epithelium 
lies  a  layer  of  somewhat  peculiar  neuroglia,  forming  with  the  epithelium,  as 
we  have  said  i ji  'ill),  the  ependymaj  which,  well  developed  in  the  floor  of  the 
fourth  ventricle  and  in  the  walls  of  the  third  ventricle,  and  of  the  aoue<luct, 
is  thin  and  scanty  iu  the  lateral  veutriclets.  Beneath,  and  more  or  leas  con- 
nected with  the  ependyma  in  the  nidea  and  floor  of  the  third  ventricle,  is  a 
fairly  conspicui»u»  layer  of  gray  matter,  which  is  well  developed  in  the  [Mirt* 
of  the  floor  exjjosed  on  the  ventral  surface;  of  the  brain,  and  known  as  the 
lamina  termiualis,  the  anterior  and  posterior  i)erforated  spaces,  the  tulwr 
ciuereum,  etc.  This  layer  is  not  continued  forward  into  the  lateral  ventri- 
cles of  the  cerebral  hemispheres,  but  it  is  well  developed  backward  along  the 
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aqueduct  (Figs.  191,  lil2).  and  in  the  floor  of  the  fourth  ventricle,  and 
through  the  hulb  becomes,  as  we  have  seen  (§  Gil)  cootiuuous  with  the 
central  gray  matter  of  the  cord.  The  nerve-cells  of  this  gray  matter  are  on 
the  whole  small  aud  in  many  places  scant. 

;i  616.  The  aeveraJ  roots  of  the  cranial  nen'Bs  from  the  third  nerve  hack- 
ward  may  be  trace<l  within  the  brain  substance  to  special  collections  of  gray 
matter,  called  the  unciei  of  the  eraninl  tterve^^  some  of  which  lie  clo^e  upon 
the  central  gray  matter,  while  others  are  placed  at  some  distauce  from  it. 
The  optic  nerve  and  what  is  sometimes  called  the  olfactory  nerve,  namely, 
the  olfactory  bulb  and  tract,  may  advantageously  be  dealt  with  apart,  since 
these  two  nerves  are  not,  like  the  other  cranial  nerves,  simple  outgn^wths 
from  the  walls  of  the,  original  neural  caual,  but  are  in  reality  elongated 
vesicles.  bu<lded  ofl"  from  the  neural  canal,  the  cavities  of  which  have  been 
obliterated.  We  may  add  that  part  of  the  retina,  and  of  the  gray  matter 
of  the  olfactory  tract,  may  perhaps  be  considered  as  corresponding  to  the 
nuclei  of  which  we  are  speaking,  the  retinal  and  proper  olfactory  fibres  being 
connected  with  them  very  much  as  the  lihres  of  the  remaining  cranial  nerves 
are  connected  with  their  respective  nuclei.  In  the  brain  the  segmental  regu- 
larity of  the  nerve-roots  so  conspicuous  in  the  spinal  cord  ia  very  greatly 
obacured.  We  shall  have  simicthing  to  say  on  this  point  later  on  ;  but  at 
present  we  may  be  content  to  treat  the  several  nerves  in  a  simple  topographical 
manner.  They  may  be  seen  in  a  ventral  view  of  the  brain  (Fig.  l^*i,  C. ), 
leaving  the  brain  at  various  levels  by  what  ia  called  their  "superficial 
origin;*'  the  third  nerve  issuing  in  front  of  the  pons,  and  the  last  or  hypo- 
glossal stretching  back  to  the  hind  end  of  the  bulb.  Part,  indeed,  of  the 
eleventh  nerve,  the  spinal  accessory  nerve  properly  so-called,  makes  con- 
nections with  the  spinal  cord  below  the  bulb  as  far  back  as  the  eiixth  or 
seventh  cervical  nerve,  or  even  lower;  but  this  part  may  by  these  connec- 
tions be  distinguished  from  the  remaining  part  of  the  nerve,  as  well  as  from 
all  other  cranial  nerves.  The  nuclei  to  which  the  nerve  roots  may  be  traced 
within  the  brain  substance,  sometimes  spoken  of  as  the  "deep  origin,"  range 
in  position  from  the  hinder  part  of  the  bulb  to  the  hind  end  of  the  third 
ventricle.  The  nucleus  of  the  hypoglossal  nerve  begins  in  the  bulb  just 
above  the  decussation  of  the  pyramids,  the  nuscleus  of  the  third  nerve  ends 
beneath  the  hind  end  of  the  noor  of  the  third  ventricle  ;  and  all  the  re^t  of 
the  nuclei  may  be  broadly  described  as  placed  between  these  limits  in  various 
parts  of  the  floor  of  the  central  canal  or  in  adjoining  etrutrtures,  though  part 
of  one  nucleus,  namely,  that  of  the  fifth  nerve,  can  Ije  traced,  as  we  shall  see, 
back  into  the  spinal  coni  as  far  as  the  second  cervical  nerve,  and  probably 
extends  still  further.  Fig.  H)3  is  a  diagram  .showing  in  a  roughly  approxi- 
mate manner  the  nuclei  of  the  several  nerves  as  they  would  appear  in  a  bird's- 
e  view  of  the  floor  of  the  atjueduct  and  fourth  ventricle  loitked  at  on  the 
orsal  aspect. 

617.  The  twdjih  or  hypvgloMnl  nerve.  The  nucleus  of  this  nerve,  which 
it  will  be  convenient  to  take  first  (Fig.  193,  XI[.),  is  a  long  column  of  gray 
matter  lying  in  the  bulb  parallel  to,  and  very  close  to,  the  metlian  line.  It 
reaches  from  the  hinder  jmrt  of  the  fourth  ventricle  at  about  the  level  of  the 
hind  end  of  the  auditory  nucleus,  as  far  back  as  beyond  the  hind  end  of  the 
olivary  body.  At  its  extreme  hind  end  or  beginning  (Fig.  187,  2)  it  occu- 
pies ft  ventral  position  and  is  a  part  of  the  anterior  horn  ;  thence  it  gradually 
rises  dorsally  'Fig.  187.  3,  4,  5).  but  so  long  as  the  central  canal  remains 
osed.  continues  to  occupy  a  distinctly  ventral  |>osition  in  reference  to  the 
ntral  C4inal :  in  its  front  part  it  is,  by  theo|>ening  up  of  the  fourth  ventricle,, 
ought  into  an  ap[>arently  more  dorwal  posititm  (Fig.  187,  (J). 
The  nucleus  consists  mainly  of  large  nerve-cells  with  distinct  axis-cyUad«t 
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prooeflBes,  which  though  pursuing  a  somewhat  irre^lar  course  may-  be  traced 
into  the  Bbres  of  the  uerve.  These,  starting  from  the  ventraJ  surface  of  tbe 
nucleus  along  its  length,  run  ventrally  tJiruugh  the  reticular  formation,  and 
making  their  way  in  a  series  of  bundles,  between  the  olivary  nucleus  on  the 
lateral  rude  and  tbe  pyramid  and  me<Iian  accessory  olive  on  the  median  side, 
gain  tbe  surface  along  the  groove  which  separates  the  pyramid  from  the 
olivarv'  body, 

§  618.  The  ninth  or  gloMo-jpharyngealy  tenth  w  wi^h»^  and  eievenih  or  $puud 
acceJS«onf  nerves.  It  will  be  advantageous  to  consider  these  three  nerves 
together. 

In  the  spinal  accessory  nerves  we  must  distinguish,  as  we  have  said,  two 
parts :  tbe  '*  spinal  accessory  '*  pro|>er,  formed  by  the  roots  which  come  off 
from  the  cervical  spinal  cord,  reaching  as  far  down  as  the  sixth  or  seventh 
cervical  nerve,  and  the  "  bulbar  accessory/*  whoee  roots  come  off  from  the 
bulb  just  below  the  vagus. 

Tbe  spinal  accessory  proper  takes  origin  in  the  group  of  cells  lying  in  the 
extreme  lateral  margin  of  the  anterior  horn,  from  whence  tbe  fibres  proceed 
directly  outward  through  the  lateral  column^  and  issue  from  the  cord  along 
a  line  immediate  between  the  anterior  and  posterior  roots ;  the  upper  roots 
undergo,  with  the  portion  of  the  lateral  horn  from  which  tbey  spring,  the 
shifting  apoken  of  in  ^  606. 

The  bulbar  accessory  starts  from  an  elongated  nucleus  in  the  bulb  which 
is  common  to  it,  to  the  vagus,  and  to  the  gloflso-pharyngcal ;  hence  we  have 
taken  these  three  nerves  together.  This  (Fig.  193)  stretches  further  forward 
than  the  hypo-glossal  nucleus,  reaching  the  level  of  the  transverse  fibres  called 
striae  acusticfe  (Wr.),  but  does  not  extend  so  far  behind. 

In  tniuHven»e  sections  of  tbe  bulb,  which  pass  a  little  below  and  a  little 
alH>ve  the  point  of  the  calamus  scriptonus  (Fig.  187,  4,  5),  two  nuclei  or  col- 
lectioua  of  cells  are  seen  in  the  gray  matter  round  the  central  canal.  The 
more  ventral  one  is  the  hypoglossal  uudcus,  the  more  dorsal  one  the  begin- 
ning or  hind  part  of  the  combined  accessory-vago-gloeso-phnryngeal  nucleus. 

When  a  little  further  torward  the  central  canal  opens  out  into  the  fourth 
ventricle  (by  which  change  the  hypnglossal  nucleus  (Fig.  1H7,  ii  n.  lii.)  is 
brought  nearer  to  the  dorsal  surface  in  the  floor  of  the  fourth  ventricle)  this 
combined  nucleus,  increasing  in  breadth,  is  thrown  to  the  side  and  utuunics  a 
more  lateral  position,  lying  now  on  the  side  of,  but  still  somewhat  dorsal  to, 
the  hypoglossal  nucleus,  between  it  and  the  now  diminishing  gracile  nucleus. 
In  this  po«)ition  the  uucleus  appears  to  consist  of  two  parts,  a  median  and 
lateral,  the  median  part  having  conspicuous  nerve-cells  of  moderate  size,  the 
lateral  part  having  but  few  cells,  and  those  of  small  size.  Frftm  this  level 
the  nucleus  runs  forward,  maintaining  nearly  the  same  position  in  the  floor 
of  the  fourth  ventricle,  but  gradually  becoming  thinner,  and  ends,  as  we  have 
said,  at  about  the  level  of  thestriie  acusticieon  the  dorsal  surface  correspimd- 
iog  on  the  ventral  surface  to  a  level  a  little  behind  the  hind  margin  of  the 
pons. 

From  this  combined  nucleus,  but  chiefly  from  the  median  part,  fibres 
sweep  in  a  ventral  and  lateral  direction  through  the  dorsal  part  of  the  retic- 
ular formation,  pasii  ventral  to,  or  in  some  cases  through  the  gelatinous  sub- 
Btauce  and  the  strand  of  libres  connected  with  tbe  fifth  nerve  (Tig.  1^7.  V. 
a),  and  reach  tbe  surface  of  the  bulb  on  its  lateral  a.«:pect  in  a  line  between 
tbe  olivary  and  restiform  bodies  (Fig.  18tj,  C).  Along  this  line  may  be  seen 
(Fig.  1H6,  C),  a  aeries  of  roots ;  of  these  the  lowest,  the  accessory  roots,  spring 
from  the  hind  part,  the  highest,  the  gloswvpharyngeal  roots,  from  tbe  front 
part  (and  it  is  these  especially  which  pierce  tbe  gelatinous  t^ubstanoe — Fig. 
18$,  IX.  a),  and  the  intermediate,  the  vagus  roots,  from  the  middle  pan  of 
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'  the  oombined  nucleus.  Heiic«  we  may  8[)eak  of  tho  hind  part  of  the  whole 
nucleus  as  being  the  accessory  niicloiis,  the  miildlc  jmrt  as  the  vagus  nucleus, 
au(i  the  front  part  as  the  glosso-pharyngeal  nucleus. 

All  ihe  fibres,  however,  of  the  roota  of  these  three  nerves  Ho  not  take  origin 
from  the  nucleus  in  (jueatiou  ;  some  of  the  fibres  siart  in  n  different  way.  In 
seclious  of  the  bulb  above  the  decussation  uf  the  pyramid  a  imtch  of  gray 
matter  i^  seen  lying  in  the  lateral  part  of  the  reticular  formation  (Fig.  187, 
X.  m.),  about  midway  between  ventral  and  dorsal  surfaces.  What  is  thus 
disclosed  by  sections  in  a  column  of  gray  matter,  the  "  nucleus  ambiguus  ** 
(Fig.  193,  na.),8lretchiugaboutas  far  forward  and  backward  as  the  cf)mbine<l 
•oce88ory-v«go-glo880-phRryngeal  nucleue^  but  placed  distinctly  m">re  ven- 
trnlly  and  somewhat  more  laterally,  (In  Fig.  19o,  it  and  the  combined 
Ducleua  are  represented  on  diHerent  sides  of  the  diagram  to  avoid  cunfusiou 
through  the  overlapping  of  the  shading.)  From  it  fibres  curve  round  (Fig. 
lt<7,  X,  m.),lo  join  the  accessory-vago-glosso-pharyngeal  roots,  but  especially 
the  vagus  roots.  It  may  therefore  be  considered  as  a  second  nucleus  uf  the 
vagus  (and  possibly  of  the  other)  roots. 

But  Uiere  is  yet  a  third  source  of  some  of  the  fibres  of  the  nerves  of  which 
we  arc  speaking.     In  sections  through  the  bulb  there  may  be  seen  just  ven- 
tral to  ami  a  little  lateral  to  the  conihiue<l  nucleus  (Fig.  187,4.0,6,  IX.  a.), 
the  circular  section  of  a  longitudinal  biiDille  of  fibres.     In  the  hinder  sectioDS 
(Fig.  187,  4)  the  bundle  is  a  very  thin  one,  and  still  further  back  it  is  lost  to 
view,  though  there  are  reasfma  for  thinking  that  some  of  the  fibres  are  con- 
tinued back  into  the  cervical  cord,  as  far  as  the  origin  of  the  fourth  cervical 
nerve  or  even  beyond ;  in  the  more  forward  sections  (Fig.  187,  5  and  0),  it 
increases  in  diameter  uud  may  be  traced  forward  to  the  front  end  of  the  com- 
bined nucleus  into  which  it  merges.     It  is  a  bundle  of  fibres  which  ntarting 
'       MMoenively  in  the  lateral  gray  matter  of  the  cervical  cord  and  higher  tip  in 
the  reticular  formation  of  the  bulb,  run  Iongitudinal!y  forward];  the  bundle 
at  first  increases  in  si/^  by  the  addition  of  fresh  fibres  at  each  step;  but  fur- 
ther forward  the  fibres  leave  the  bundle  to  pass  into  the  roots  of  the  nerves 
of  which  we  are  sjwaking,  especially  of  the  glosso-pharyugeal,  and  the  bundle 
eventually  ends  in  front  by  passing  into  the  gloeso- pharyngeal  roots.     The 
gray  mailer  from  which  these  fibres  take  origin  d<ies  not  form  a  defined  com- 
pact area,  is  not  therefore  a  nucleus  in  the  sense  in  which  we  are  now  using 
the  term,  but  is  diffused  among  the  rest  of  the  gray  matter  along  a  consider- 
able length.     The  fibres  are  nevertheless  fibres  of  nerve-roots,  and  the  bundle 
is  called  the  (tscemlhifj  roof  of  the  gloeso-pharyngeal,  the  term  ascending  being 
u»e<i  since  it  is  customary  to  trace  such  structures  from  below  upward,  thnt 
is  fn>m  behind  forward ;  though  since  the  fibres  in  question  are  probably  af- 
f«rent  fibres  carrying  impulftcs  backward  from  the  nerves  to  the  gray  matter, 
"descending"  would   be  the  more  appropriate  word.     The  bundle  has  also 
been  called  ihe  fmeirulns  nolitarixus;  and,  since  its  |M)sitiou  had  been  supposed 
to  correspond  to  that  of  the  area  marked  out  experimentally  as  the  respira- 
^^tory  centre  (§  362),  it  has  tweu  sjwken  of  as  the  reifjnraiory  bumlfe. 
^^k    The  roots  of  these  three  nerves  then,  the  bulbar  accessory,  the  vagus,  and 
^^be  glosso-pharyngeal,  all  leaving  the  surface  of  the  brain  along  the  line 
^Hfcetween  the  olive  and  the  restiform  body,  and  all  so  far  alike  that  it  is 
^■Impoasible  upon  mere  inspection  to  say  where  in  the  series  the  fibres  of  the 
^Hliiadle  nerve,  the  vagus,  begin  and  en^,  spring  from  three  sources,  the  oom- 
^'^binefi  nucleus,  the  nucleus  ambiguus,  and  the  aacentling  root. 

:s  619.  The  eighth  or  auditory  nerve.  This  nerve  differs  from  the  other 
tiervfs  which  we  are  now  considering  in  Iveing  a  nerve  of  special  sense;  its 
arrangements  are  complicated.  In  a  view  of  the  base  of  the  brain  (Fig.  18(>, 
C),  the  nerve  is  seen  to  leave  the  surface  of  the  brain  from  the  veotml  sur- 
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face  of  the  fore  part  of  the  restiforin  body  at  the  hind  umrgiu  of  the  pons  ■• 
two  Btraiuhs  or  roots,  one  of  which  winds  rouini  t-he  restiiorm  body  »o  as  lo 
reach  its  dorsal  surface,  while  the  other  appears  to  sink  intx)  the  substanceof 
the  bulb  lu  the  median  liide  of  the  restifonu  body  ;  and  iu  u  trausverse  seo- 
lion  of  the  bulb  (Fi^.  188)  just  behiud  the  pons  the  two  ro<5ts  may  be  seen 
embracing  the  restiform  body,  one  pastfiog  on  iu  dorsid  and  the  other  od  ite 
ventral  ?iHe.  The  former  is  called  the  dofml  root  (Fig.  188),  or  soraetiines 
the  lateral  root,  or  since  it  reaches  back  or  lower  down  than  the  other,  the 
fjosterior  or  infurior  root;  the  latter  is  called  the  ventral  root  (Fig.  189),  or 
sometime*  the  median  root,  or  since  it  reaches  further  forward  or  higher  up 
than  the  other,  the  anterior  or  superior  root.  When  we  come  to  study  the 
ear  we  shall  iiad  that  one  di^'ision  of  the  auditory  nerve  is  distributed  to  the 
cochlea  alone,  and  is  called  the  iiervua  cochlearis,  the  rest  of  the  nerve  being 
distributed  to  the  utricle,  saccule  and  semicircular  cauals  as  the  nervus  ves- 
tibularis. As  we  ehall  see,  there  are  reasons  for  thinking  that  the  ve«tibtiiar 
nerve  carries  up  to  the  brain  from  the  semicircular  canals  impulses  o 
than  those  or  be«i<ica  tinmc  whiiili  give  rise  to  sensations  of  sound,  whe 
the  cochlear  nerve  appears  to  be  exclusively  concerned  in  hearing;  and  in 
some  structural  details  these  two  divisions  of  the  auditory  nerve  differ  from 
each  other.  Hence  it  is  important  to  note  that  according  to  careful  investi- 
giitions  the  cochlear  nerve  is  the  continuation  of  the  dorsjil  ror»t  and  the  ves- 
tibular nerve  the  continuation  of  the  ventral  root.  With  these  roots  of  the 
auditory  nerve  proper  also  issues  a  little  in  front  of  the  ventral  root  the  small 
nerve  called  the  poriio  iniennediale  Hriflter^i,  which  goes  to  join  the  facial 
nerve. 

The  auditory  nucleus,  as  a  whole,  is  a  broad  mass,  having  in  transverae 
aectione  of  the  bulb  a  somewhat  triungiilnr  form,  lying  in  the  lateral  partit 
of  the  fioor  of  the  fourth  ventricle,  reaching  in  front  somewhat  beyond  the 
level  of  Lhe  8tria5  acusticic,  and  overlapping  behind  the  front  parts  of  the  nu- 
cleus aiiibigijus  and  the  combined  accessory-vago-glosso-pharyugeal  yucleus; 
it  extends  lateralty  some  distance  outside  the  former  nucleus. 

The  ntio.Ieiis.  however,  consists  of  two  distinct  parts,  a  mcfiian  or  innrr 
nucleii/s  (Fig.  193,  VIIL,  m.),  characterized  by  the  presence  of  small  cells, 
and  a  hdernl  or  outer  nucleus  (Fig.  193,  VIIL,  /.),  the  cells  of  which  are 
much  larger,  some  of  them  being  very  lary;e.  The  lateral  nucleus  is  placed 
somewhat  deeper  than,  ventral  to.  the  median  nucleus ;  it  also  extends  farther 
fonvard  (Figs.  188  and  189.  VIII.,  fi),m  that  the  front  end  of  the  whole 
nucleus  is  furnished  hy  the  lateral  nucleus  alone  w  hich  at  itfi  front  end  occu- 
pies a  more  dorsal  [losition  than  at  its  hiud  cud. 

Moreover  this  uuditory  nucleus  thus  placed  in  the  floor  of  the  fourth 
ventricle  is  not  the  whole  of  the  nucleus  of  the  auditory  nerve.  At  the 
convergence  of  the  doraal  and  ventral  roots  on  the  ventral  surface  of  the 
restiform  body  is  placed  a  group  of  cells,  forming  a  swelling  which  in  its 
general  ap[>earancc  and  iu  the  characters  of  its  cells  is  not  unlike  a  gan- 
glion on  the  posterior  root  of  a  spinal  nerve.     This  is  called  the  acecisory 

When  we  trace  the  fibres  of  the  nerve  centralward  into  the  brain,  we  find 
that  a  large  number  at  least  of  the  fibr«e  of  the  dorsal  root,  cochlear  nerve 
I  Fig.  1 88 ^  end,  according  to  most  ol>servere,  in  the  cells  of  the  accessory 
nucleus,  or  in  nerve-cells  lying  dursal  to  the  accessory  nucleus  and  especially 
in  a  group  of  cells  giving  rise  to  the  taberculum  ttcujiiicnm,  which,  small  in 
man,  is  conspicuous  in  some  animals.  Hence  the  farther  part  of  this  donal 
root,  as  it  winds  round  the  lateral  and  dorsal  surface  of  the  reallform  body. 
consists  largely,  if  not  wholly,  of  fibres  which  are  derived  not  directly  from 
the  trunk  of  the  nerve,  but  indirectly  thn>ugh  the  relay  of  the  acceasorv 
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nticleas  orof  other  cells.  Reaching  the  dorsal  surface  of  the  restiform  body, 
these  fibreB  appear  on  the  floor  of  the  fourth  vnutricle  as  the  gtrice  acuaticvR 
(Fig.  186,  M)\),  and  end  partly  in  the  median  nucleus,  partly  in  other  regions 
of  the  bulb.     The  exact  delerminatiou,  however,  of  the  endiugs  of  this  root 

Fia.  lae. 


TnftoroH  ruR  widbkt  part  up  thr  ForRxn  Vr»tkiclk     (Sbckkiiioiok.) 
Taken  in  the  line  111.  Y\g.  186. 
■'^.,  pyiunldjtl  flbre*  cut  miuverwly  ;  tr.  P.,  the  supurddal  (ventral)  UmusTerau  fibre*  of  tho  potu. 
T^*^  ihadad  p&rt  of  the  pou«  (frr.  P.)  lD<11cat«*i  gny  matter  miugliKl  with  the  deeper  tnuurene  tibrcs. 
"•  tb«  fillet:  7^..  the  tmpezlum  :  C  A.,  the  rcftlform  body  urlnrcrlor  jjeduuclcof  ihecerelwlluin, 
^*^  tcrow  obll^nely  ;  S.  P.,  tbe  Huiv^rtur  peduncle*  of  thu  cerebcllutti ;  r,  mphe;  ir.  o..  »u|M>riur  olive ; 
I^  Xi,  cnrpuvdentatum  of  tbe  cerebellum  :  iy.  n,  the  nactettHoftbo  roof ;  «  jr.,  tubercle  of  Rolando; 
■^   A,  frctlon  throuRh  eulcus  In  tbe  vcrroig  superior  of  tbe  curebeUum ;  r,  bundle  ^m  the  ullre  to 
J^^  lMiUcul*r  tiucleas ;  VIU.,  tbe  elghlh  or  audilory  uerre,  its  vtinlml  orveittbutar  nxrt,  proceedlnit 
~^*tnVIIL,?,  tlie  ftont  partnl  tbe  lat«nU  amlUury  nudeiut;  Vil.  n,  the  nncleui  of  the  KTeoth  or 
I'l^^Ul  fusrrc  :  VI..  tbe  aacleiu  ol  tbe  ttixih  ncrre ;  VII.  ff..  fibres  of  ibc  toventh  nerve  cue  Mtroti  lu 
^^^7  nrecrp  roaod  the  nucleus  of  the  sUth  before  isiulng  fhim  tbe  pons  at  VTL  ;  4tb.  tbe  Iburth  tsd- 
^•^k,  ben  roofed  In  by  the  cerebellum  :  tho  i^hndtne  of  the  central  grni}-  matter  immedlmely  sur- 
^*^a4lfkf  ib«  Toncrlole  If,  for  the  sake  of  simpUctcy.  omlltcd. 

*•  «  matter  of  coneideraitle  dithculty;  some  observers  regard  the  accessory 
^McleuB  as  homologous,  not  with  the  Gaaseriau  and  with  the  spinal  ganglia, 
^Ut  with  the  other,  true,  cranial  nuclei;  and  in  any  case  we  must  probably 
^puflider  the  median  division  of  the  auditory  nucleus,  not  as  a  nucleus  in 
•■•*«  wnse  in  which  we  are  now  using  it,  but  rather  as  a  secondary  connection 
'^ilhiu  the  bulb. 

When  we  trace  the  ventral  root,  vestibular  nerve  (Fig.  189),  inward,  we 

48 


764 


THE    BRAIN 


find  that  making,  according  to  most  observers,  no  connectiong  at  all  with 
the  acce»ory  uudeua  ;  it  pa8B<«  i^^S-  ^^^*  VIII.)  tu  the  median  side  uf  the 
reeiifomi  body,  between  it  and  the  ascending  root  of  the  fifth  nerve,  andio 
reaches  the  lateral  division  of  the  nucleus,  in  the  large  cells  of  which  moM 
at  least  of  its  fibres  arc  said  to  end,  and  which,  therefore,  may  be  regarded 
as  the  nucleus  of  the  ventral  root.  On  this  point,  however,  all  authors  are 
not  agreed.  The  lateral  auditory  nucleus,  with  the  fibres  proceeding  to  and 
from  it,  lying  as  they  do  to  the  median  or  inner  side  of  the  restiform  body 
proper,  are  sometimes  spoken  of  as  the  median  or  inner  division  of  the 
reetifurm  body;  and  from  the  nucleus  a  considerable  number  of  fibres  pass 
up  with  the  restiform  body  into  the  cerebellum  as  a  continuation  of  this 
**  median  division  of  tlie  restiform  botly."  Some  authors  maintain  that  the*e 
fibres  are  continued  straight  on  from  the  nerve  to  the  cerebellum  ;  but  the 
more  recent  investigations  seem  to  show  that  they  all  make  connectious  with 
the  nerve-cells  of  the  lateral  nucleus  on  their  way.  These  fibres  constitute 
a  connection  between  the  auditory  (vestibular)  nerve  and  the  cerebellum, 
the  physiological  siguificauce  of  which  we  shall  see  later  on  ;  we  may.  per- 
haps, compare  it  to  the  connection  between  the  posterior  roots  of  the  spinal 
nerves  and  the  cerebdlum  through  (the  vesicular  cylinder  and)  the  cere- 
bellar tract. 

The  other  central  connections  of  the  lateral  nucleus  are,  like  those  of  the 
accessory  and  of  the  median  nucleus,  complicated  and  obscure.  But  we 
may  call  attention  to  a  set  of  fibres  which,  starting  apparently  in  the  acces- 
sory nucleus,  run  directly  transverse  in  the  ventral  region  of  the  tegmentum 
just  dorsal  to  the  transverse  fibres  of  the  pons,  forming  what  is  called  the 
traijerium  (Fig.  189,  2J).). 

Lastly,  we  may  add  that  the  fibres  of  the  peculiar  portio  vUermedia  appear 
to  take  origin  from  the  accessory  nucleus. 

§620.  The  seventh  or  facial'  nerve.  The  nucleus  (Fig.  193,  VII.,  and 
Figs.  188,  181),  VII.  H.)  of  this  nerve  (it  being  lK»rne  in  mind  that  the 
motor  fibres  for  the  orbital  region  (the  orbicular  muscle,  etc.),  though  they 
run  in  the  trunk  of  this  nerve,  really  belong  to  the  third  nen'e  and  take 
origin  from  the  hind  part  uf  the  nucleus  of  the  third  nerve)  is  narrower  in 
front  than  behind,  reache:)  from  the  level  of  the  striie  acusticse  some  distam^e 
into  the  region  of  the  pons,  and  occupies  in  the  midst  of  the  reticular  forma- 
tion, a  little  dorsal  of  the  patch  of  gray  matter  called  the  upper  olive,  a 
position  corresponding  closely  to  that  of  the  nucleus  ambiguus.  The  cells 
of  the  nucleus  are  large,  and  possess  well-marked  axis-cylinder  proce^e^, 
which  are  gathered  up  at  tlie  dorsal  surface  of  the  nucleus  to  form  the  root. 
This,  rising  up  dorsally,  describes  a  loop  (Fig.  189,  VII.  y.)  round  the 
nucleus  of  the  sixth  or  abducens  nerve,  running  forward  for  some  little  dis- 
tance dorsal  to  thai  nucleus,  and  then  descends  again  ventrally,  passing  to 
the  lateral  side  of  its  own  nucleus,  between  it  and  the  ascending  rout  of  the 
fifth  (  VvL.) ;  it  thus  gains  the  surface  of  the  brain  at  the  hinder  margin  of 
the  pons,  lateral  to  live  abducens,  op]w>aite  the  front  end  of  the  groove  l»e- 
tween  the  olivary  body  and  the  restiform  body.  As  it  thus  encircles  the 
nucleus  of  the  abducens,  it  looks  as  if  it  were  receiving  fibres  from  that 
bo<ly  ;  but  the  evidence  goes  to  show  that  these  fibres  simply  pass  through 
the  nucleus,  and  do  not  take  origin  fram  any  of  its  cells. 

ij  621.  The  fixxth  or  alnJucenjf  nei^ve.  This  nerve  starts  from  a  compact  oval 
nucleus  (Fig.  193,  VI.),  lying  at  the  level  of  the  hinder  part  of  the  pons, 
and  therefore  of  the  front  part  of  the  fourth  ventricle,  in  the  central  gray 
matter  of  the  floor  of  the  ventricle,  or  rather  just  between  it  and  the  reticular 
formation,  a  littfe  on  erne  side  of  the  median  line  (Fig.  189,  VI.).  A  slight 
swelling  of  the  floor  of  the  fourth  ventricle,  eminentta  teres,  marks  its  posi^ 
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lion  (Fig.  193,  e.  f.).  The  nucleus  contains  fairly  large  nerve- celle,  with 
distinct  axi»<ylinder  procesBes.  These  are  gathered  at  the  median  side  of 
the  nucleus  to  form  the  thin  root,  which  passing  ventrally  and  laterally,  at 
»ome  little  dintanee  from  the  median  raphe,  through  the  reticular  fornmtion, 
niDB  backward  above  ihe  pyramidal  bundles  of  the  pom,  and  finally  comes 
to  the  surface  at  the  hinder  edge  of  the  pons,  opposite  the  front  end  of  the 
pyramid  (Fig.  186,  C). 


Fio.  1«. 


ttf   srr 


11U0l*GR  Tiri  FOSS  AT  TBE  ExiT  OP  TUK  FlPHI  NKHVI.     (BmDUUNOTUr.) 

In  tbe  line  112,  Fig.  i». 
j^*-^-R.,  mnainaof  mtlibnn  body;  8.  P.,  suiM^rlor  i«(luDcle  of  tbe  cerebellum;  F.  ni.,  modUn;  F.  I., 
£^*«»I  Al  let :  T.  R..  tCffmcnUl  rvUculAr  rurmitlou ;  tr.  P..  superllclnl  trftnsYene  Hbret  of  the  pdtu ; 
^*  puatvrlor  longitudinal  bundles;  V.  e.,  iujierlor  Tennlx  (lecttoDs  of  three  IblU  are  tbown.  one 
^^^tng  deturbed  :  between  them  the  intcnrrnf  ng  sulci  laid  open  bjr  the  Mctlon  are  leen) ;  Via.,  ralre 
r^  VleuMCD*  or  anterior  Tclam  ;  r.,  raphe :  P)*..  pynunldal  Hbrea ;  gr.  P.,  gray  matter  of  the  ponn ; 
?r*  ^x,  Mtperior  oitve ;  t.,  placed  uo  tlie  left  side  liidlcaten  the  pfiriUon  of  a  bundle  of  lon^tudluol 
**■••  which  may  be  imced  forward  into  tbcffubtbalamic  regdotu;  V.  m.,  motor  nneleus;  V.  s  ,  sen- 
|^*T  ituclcun :  and  V..  roots  of  tbe  flitli  nerve.  4tb,  foanh  Tenirtds :  abadlng  ol  cential  gray  mailer 
™**»lHed  M  in  KIg.  180. 


^ 


622.  Thr  fifth  ur  irigeimyial  nerve.  This  nerve,  aa  it  comee  to  the  surface 
*a  the  ventral  aiipect  of  the  |K>n3  (Fig.  186,  C).  near  the  front  edge,  al 
tiie  difliance  from  the  median  line,  consists  of  two  parts,  a  smaller  motor 
^>ot  and  a  larger  seiisan'  root,  the  latter  bearing  the  large  ganglion  of 
^^^TMBer;  and  the  origin  of  the  nerve  is  in  many  ways  complex.  Both  roots 
**Miy  be  traced  in  an  ublique  direction  (Fig.  1^,  V.),  Inward  and  toward  the 
*lnrMl  surface,  through  the  pons  to  the  reticular  formation  beneath  the  floor 
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of  tbe  front  part  of  the  fourth  ventricle,  the  smaller  motor  root  taking  up  a 
position  median  to  the  larger  sensory  root. 

Here  the  motor  root  comes  into  connection  with  a  collection  of  uerve-cella 
(Figs.  193  an<i  190,  V.  ni.'),  which  may  be  rej^rcled  as  its  nucleus ;  hut  this 
is  not  the  whole  nucleus  of  the  motor  root.  From  the  level  of  tbe  nucleus 
there  stretchea  forward  as  far  as  the  level  of  the  anterior  corpora  quadri- 
gemina  a  bundle  of  longitudinal  fibres  whicb»  since  it  is  usually  traced  from 
the  front  backward  until  it  jja^^ed  into  the  root  of  the  nerve,  is  spoken  of 
as  the  dt^ccndinff  root  of  the  fifth  nerve. 

This  descending  root  begins  as  a  few  scattered  bundles  of  fibres  at  the 
level  of  the  anterior  corpora  quadrigemina,  in  the  peripheral  lateral  part 
of  the  central  gray  matter  surrounding  the  aqueduct,  dorsal,  and  lateral 
(Fig.  192,  V.  d.),  to  the  nucleus  of  the  third  nerve  (Fig.  192,  III.  ».). 
From  thence  the  fibres  pass  backward,  augmenting  in  number,  and  bood 
form  a  compact  bundle,  semilunar  in  transverse  section,  lying  lateral  to  the 
fourth  nerve  as  this  is  rising  dorsally  (Fig.  191,  V.  d.)\  still  increasing  in 


Trrocoh  thi  FoRE-PAiiT  Of  THE  Po?«.  (aHEUtraoTuic, )  In  tho  Uncus.  Klg.  IM. 
Py.  pTramldal  fibres;  F.  C  fibres  (Torn  tbe  frontal  cortex :  S.  P.  superior  pedunrle  of  Um 
bullum ;  />ii.  median  portion:  Fl.  UteraJ  portion  of  the  Sllet;  t.  jioKUsrior  longiludlii&l  boodles; 
P.  CQ.  posterior  oorporaquodrlgemiiia;  j/.  fibres  which  become  detttc bed  Ooni  the  fillet,  and  further 
forward  form  (the  Insenooet)  p&rt  of  tbe  pes  of  ibe  cnis :  /.  e.  locos  cn-ruletu :  ».  P.  Q.  nucleus  of 
ktie  posterior  corpora  quadrljfemlna^the  outUne  Is  made  too  sbarp ;  iV.  buudles  of  tbe  foarth  nccve 
dflfini— tlDg.  IV.  n.  its  ducIcus  :  V.  d.  deecendlnf  root  of  the  fifth  nerve :  Aq.  tbe  Aqaeducl :  cl  ^  tbe 
resloo  of  oontral  ^my  matter. 

number  in  their  course  backward,  they  gradually  assume  a  more  ventral 
position  as  the  ivquoduct  opens  into  the  fourth  ventricle.  AH  along  its 
course  this  descending  root  has  attached  to  it  large  (70m  or  more  in  diam- 
eter), sparse  spheroidal  nervecella  of  striking  appearance;  these,  however, 
teem  too  few  to  give  origin  to  at  least  all  the  nbres,  and  there  are  some 
reasons  for  connecting  this  root  with  the  collection  of  grav  matter  called 
"  locus  Cffnileiis."     (Fig.  191,  L  c.) 

AVe  may  probably  regard  this  descending  root  as  belonging  to  the  motor 
division  of  the  nerve;  but  it  is  slated  that  many  of  the  fibres  of  tbia  root 
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into  the  sensory  root,  eventually  finding  their  way,  according  ti>  Bome 
observers,  into  the  ophthalmic  branch. 

The  sensory  root  may  be  Himilarly  traced  into  a  nucIeuB,  the  sensory 
nucleus  (Figs.  193  and  190,  V.  s.)  lying  lateral  to  the  motor  nucleus,  ana 
connected  with  this  is  the  striking  tract  of  6brc8,  to  which  already  we  have 
so  fre<iuently  alluded,  and  which  in  called  the  aacetidliuj  root  of  the  fifth  nerve. 

This  ascending  nxtt  begins  aB  a  bundle  or  bundles  of  few  fibres  which 
may  be  traced  l)ackward  as  far  as  at  least  the  level  of  the  second  cervical 
tierve,  and  is  soon  conspicuous  in  transverse  sections  (Fig.  187  el  seq.,  V.  a.) 
as  a  seniilunar  patch  of  white  matter  forming  a  sort  of  cap  on  the  outside  of 
the  swollen  caput  of  the  posterior  horn,  between  this  fitructiire  and  the  lon- 
gitudinal fibres  which  are  beginning  to  form  the  restiform  body  on  the 

Fig.  192. 


TmtOrGIT  THE  C%Vn  AND  AXTEKIOR  CoRFORA  QITADRIOKHIKA.     (SRCBRmOTON.) 

Ooe-half  only  U  shown.  In  the  line  lli.  Fig.  ise. 
Py.  Iho  pjrrainldnl  [ortlon  of  the  iw* ;  Pr.  the  region  ol  the  pes  occnpied  Tiy  fibres  from  the  fVoiit&l 
loo  of  the  cortex ;  Pr.  O.  the  region  occupied  by  flbrea  coming  from  the  occipital  porUon  of  tbo 
tf.  fibres  ooming  ftom  the  tlllet ;  Op.  the  optic  tmcl ;  F.  the  flllel,  I.  the  latenl  porUon,  m.  the 
Ibu  portion;  I.  tbe  posterior  louttitudlnul  biiiidle:  B.  a.  the  bnicblum  of  (he  anterior  cor[>ui 
quadrlgenilDoni ;  x.  flbrtt  from  tbe  posterior  commlMure  of  the  cerebrum ;  r.  raphe ;  A',  n.  substantia 
nlgm  ;  A  n.  red  nacl«ni:  C  ff.  t.  latent  and  C  ff.  m.  median  corpus  Kvnlcolatum;  Pvr.  pulrlnarot 
opUc  thnlamus ;  A.  Q.  n.  nucIeUA  or  gray  lunll^^r  of  anterior  corpus  qaadrigemlnum  ;  [IT.  n.  nneleus 
Ckf  IIL  thinl  nerve:  HI.'  rootlets  from  thcdorml  part  of  III.  n.  ihenucletuof  the  Utlnl  nerve,  whifh 
^imaB  the  median  Uno  to  cucrfre  wtlb  rootlctf  derived  Ih)m  the  nucleuiof  the  oppoelledde:  $.  m. 
«aperflclAl  layer  of  Hbres  of  the  ant.  eorp.  quad. ;  d,  m.  deep  layer;  A*}  aqueduct  surrounded  by 
«?«rebral  gray  matlor. 

surface.     Pacing  upward,  and  continually  augmenting  in  bulk,  the  root 

cliogs,  aa  it  were,  to  the  gelatinous  substance  of  the  caput  of  the  posterior 

horn,  and  sinks  with  it  inwardly  and  ventrally  as  this  becomes  covered  up 

first  by  the  restiform  body  and  subsequently  by  the  issuing  trunk  of  the  great 

eighth  or  auditory  nerve  (Figs.  188»  189).    Passing  still  forward,  beyond  the 

disxippenring  gelatinous  substance,  the  root,  still  growing  larger  and  divided 

into  several  distinct  bundles,  runs  into  the  reticular  formation  of  the  |K>ns 

and,  reaching  the  level  of  the  sensory  nucleus,  suddenly  benda  round  and 

joins  the  sensory  root. 

This  ascending  root  ditfers  from  the  descending  root  lu  not  having  con- 
gpicuouflly  attached  to  it  any  collection  of  nerve-cells :  in  this  respect  it 
resembles  the  ajsceuding  root  of  the  glosao-pharyugeal,  and  we  may  add  part 
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of  the  poeterior  root  of  an  ordinary  spinal  nerve,  the  fibres  of  which,  as  we 
have  seeD,  pass  into  the  gray  matter  withunt  being  obviously  connected  with 
nerve-colls.  In  its  lower  p«rt  at  leaat,  it  consists  of  extreme[y  tine  fibres,  and 
indeed  looks  very  much  like  a  continuation  in  the  bulb  of  the  marginal 
(LLaaaucr  8)  zone  of  the  spinal  cord. 

$  823.  The  fourth  or  trochlear  nerve.  The  nucleus  of  this  nerve  (Fig.  19li, 
IV.)  is  a  column  of  somewhat  large  multipolar  cells  on  each  side  of  the 
iue<lian  line  below  the  aqueduct  (Fig.  lUl,  IV.  «.),  reaching  from  the  level 
of  the  junction  of  the  anterior  and  posterior  corpora  4uadrigemlna  to  the 
hinder  level  of  the  latter  body. 

The  root,  starting  from  the  lateral  surface  of  the  nucleuij,  d'tes  not  take  at 
first  a  ventral  directiou,  but  swee|j8  laterally  and  dorsally  in  the  outer  layers 
of  the  central  gray  matter  (Fig.  191).  and  so  curving  round  to  the  dorsal 
surface  reaches  the  valve  of  Vieussens,  where  in  the  median  line  it  decussates 
with  its  fellow  iu  the  substance  of  the  valve;  such  a  decusaation  at  a  distance 
from  the  nucleus  of  origin  is  exceptional  in  the  cranial  nerves.  Leaving  the 
surface  of  the  brain  in  the  valve,  it  takes  a  superficial  course  curving  (Fig. 
186,  B)  laterally  and  ventrally,  and  makes  its  appearance  in  a  ventral  view 
of  the  brain  at  the  front  edge  of  the  pons,  on  the  lateral  edge  of  the  cms 
(Fig.  \fM},  C). 

i  624.  The  third  or  oculo-moior  nerve.  The  nucleus  of  this  nerve  (Fig. 
193,  III.,  192,  III.  /(,)  is  a  column  of,  for  the  most  part,  fairly  large  multi- 
polar cells  lying  on  each  side  close  to  the  median  line,  in  the  gray  matter  of 
the  central  canal,  just  dorsal  to  a  bundle  of  fibres  which  we  shall  speak  of  aa 
the  longitudinal  posterior  bundle ;  it  reaches  from  the  level  of  the  posterior 
commissure  in  the  third  ventricle  to  the  level  of  the  junction  of  the  anterior 
and  posterior  corpora  quadrigemina.  In  a  section  taken  through  its  middle 
(Fig,  192)  the  nucleus  is  seen  to  give  off  fibres  which  run  vertically  toward 
the  ventral  surface,  traversing  the  tegmentum  and  a  IxhIv  {Ru.)  which  we 
shall  pr(»j*ently  speak  of  as  the  "red  nucleus,"  but  apparently  making  no 
connections  with  these  structures,  and  pierce  the  median  edge  of  the  pes, 
emerging  (Fig.  186,  C)  on  the  surface  to  the  median  side  of  each  cms.     Ajb 


rtsbt  ride,  tbe  corpa^  sirlAtiim  and  optic  tbalAiDa<«  have  been  oat  ftway  horiioDUlly  to  aonie  llute 
drptb  In  order  to  stiuw  their  iiiterual  structure  L.  lateral.  E.  P.  ext«nmt  posterfor.  and  JV.  A  me* 
dian  poaterfor  coltimn  of  the  eonJ :  /.  P.  inferior  peduncle,  .S.  P.  superior  peduncle,  and  P  middle 
|iedaticl6  of  the  cerebellnni,  all  cut  acrons.  Thti  dotted  curved  lines,  upper  and  lower,  on  the  right 
half  ortb«  figure  to  which  the  duttt^l  line  P,  V.  oui»tde  (.be  flgiin)  imlnls,  mark  the  upper  and  loner 
tmundarieii  of  the  pnn«  an  the  ventral  anpet't.  ThH  outline  of  the  fourth  ventricle  \»  itbown  by  a  hold 
ihtclc  line.  Iu  the  floor  of  the  ventricle  arc  <thown.  on  the  rittht  half:  /p.  fovefl  pOAtertor;  7^. 
trfgouutn  hypoglont;  T.  ac.  trlgnnuiu  acustlcuni ;  r.  i.  einliieutia  teres;  s.  m.  striae  medullares  on 
•custlKE  ; /,  a.  fovea  anterior  :  /  e.  locus rnrnleu* ;  t.  g.  valve  of  Vleu^senff ;  Qp.  porterior,  and  <in. 
aulerior  corpiu  (luodrigemluuiu  ;  Vff.  pinml  gland  ;  .Vr.  the  ouUloe  uf  the  red  iiucleiia ;  S,  the  third 
ventricle,  Ifi  which  C  iudirmte*  (be  middle  or  soft  coniinlM>iire;  F.p.n.  the  plllan  of  the  fornix, 
behind  which  l4 Indicated  in  the  cavity  of  the  third  ventrlcU-  the  hollow  of  the  inl'ijtidrbuluni-.  C.C.'j. 
the  genu  uf  ihe  corpuc  calloRum,  between  which  and  the  fornix  the  cavity  often  called  the  llftli  ven* 
irlcle  Is  indicated  ;  P.  porlinn  of  convnlnilnn  of  frcmta)  hemisphere  cut  acmw.  <  )n  the  left  Kido  are 
dhowu  .  C  S.  corpiu  striatum  ;  O.  T.  optic  thalamus  :  Pv.  pelvinar  :  T.a.  tuberculum  anlerliui ,  cA  a. 
choroidal  siilcOE  marking  the  place  ufrelloctlon  of  the  choroidal  plc.\u8.  On  the  right  side  are  exposed ; 
.V.  C-  bead  of.  .Vc.  eud  of  taj]  of  iiudeiw  u-audatus  ;  Cipf,  Cip"  the  two  part*  of  the  glubus  iia]t]du»,  and 
pt-  ptitami^n  of  (he  nucleus*  lenilcularlfi ;  y.  a  anterior  nucloos :  .V.  fwt.  median  nucleus,  y.  iat.  iBterat 
Ducleiii.  anit  Pc".  palvtnar  of  the  optic  thalamus  ;  Cfa.  front  limb,  do  knee  or  trt^nu,  Cip.  hind  Uutb 
of  trifenial  mpsulc :  />.  exleruMl  caiBUle ;  O.  elattsiniui.  The  uumernlfi  III  to  XII.  Indicate  tlie 
nuclei  of  I  he  respocUvc  cranial  nerves,  all  shown  on  the  left  side  with  the  exception  of  the  accoaaory 
vago-gio«fO- pharyngeal  IX..  X.,  XI.,  which  (o  avoid  conf^ution  is  placed  on  the  right  side.  I',  ia  tJw 
moUir  nucleus  of  the  tiftb  nerve  with  the  des«M.*nding  root.  1*.  a.  the  sensory  nucleus  of  the  mma 
with  the  long  ascending  niot.    VIII.  in.  median  fincleus,  VIII.  /.  lateral  nucleus  of  the  auditory 

re;  n.  a.  nnclcua  ambigiius.    Theascending  root  of  the  uiutb  uervu  Isaeeii  at  the  hlud  end  of 

cotuMned  nucleus  of  IX..  X..  XI. 
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we  shall  «ee  later  on,  this  nerve  is  now  exclusively  efferent,  whatever  it  may 
have  be«n  in  more  primitive  heinga.  We  shall  also  see  later  ou  that  irupulses 
starting  from  the  cerebrum  of  one  side  pass  to  the  nerve  of  the  other  side,  that 
is  to  say  decussate ;  and  this  is  also  the  c^ise  with  the  other  elferent  crBniii 
nerves.  The  fibres  which  appear  to  take  origin  frr>m  the  nerve-celb  of  the 
nucleus  do  not  cross  over  after  emerging  from  tlic  nucleus,  but  keep  to  the 
same  side;  there  is  no  distant  decusaation  as  in  the  case  just  noten  of  the 
fourth  nerve.  There  are,  however,  fibres  {Fig.  V.}'1,  III'.)  which  leaving  the 
nucleus  cross  the  median  raphe  from  one  side  Lo  the  other,  and  these  possibly 
are  the  paths  for  the  decussation  of  the  impulses;  but  they  may  be  fibrec 
passing  from  the  crus  across  the  raphe  tu  the  nucleus.  This  nerve  has 
special  relattona  with  the  optic  tract,  but  cjf  these  we  shall  spe^ik  when  we 
come  to  deal  with  the  functions  of  the  nerves. 

§625.  In  attempting  to  understand  the  nature  and  relationsof  these  cranial 
nerves,  it  must  be  borne  in  mind  that,  while  morph<dogicnl  studies  lead  us  lo 
believe  that,  aa  the  vertebrate  budy  has  been  developed  out  of  an  invertebrate 
ancestry,  so  the  bniin  of  the  vertci)rate  has  arisen  by  a  series  of  modifications 
from  the  nervous  structures  placed  al  the  head  and  around  the  mouth  of  an 
invertebrate,  the  same  studies  teach  us  that  such  an  evolution  haa  been 
accompli!<hod  by  means  of  profound  changes.  We  have,  for  instance,  reason 
to  think  that  the  mouth  of  the  vertebrate  does  not  correspond  to  the  mouth 
of  the  invertebrate,  but  is  a  new  structure,  whose  appearance  has  been  accom- 
panied by  a  considerable  dislocation  of  parts.  We  must  accordingly  e-xpect 
to  lind  the  indicatiouH  of  a  segmental  arrangement  greatly  obscured  on  the 
one  hand  by  transposition,  and  on  the  other  by  fusion. 

The  twelhh  or  hypoglosstal  nerve  is  one  wh^se  nature  seems  fairly  simple. 
It  Ls  in  function  exclusively  an  efferent  nerve.  The  large  cells,  with  con- 
spicuous axis-cylinder  processes,  which  characterize  its  nucleus,  are  exactly 
like  those  of  the  anterior  horn  of  the  spinal  cord  which  give  origin  to  the 
fibres  of  an  anterior  root.  The  nucleus,  moreover,  in  its  position  corresponds 
to  part  of  the  anterior  horn  of  the  spinal  cord,  if  we  take  into  account  the 
shifting  involved  in  the  decussation  of  the  pyramids,  and  in  the  new  develop- 
ments of  the  bulb.  If  we  compare  Fig.  187  with  any  section  of  the  cord,  we 
see  that  the  hyptigloasal  nerve  corresponds  to  an  anterior  nwt  of  the  spinal 
cord,  but  that  the  fibres,  afler  leaving  the  cells  from  which  they  take  their 
origin,  traverse  in  the  former  a  large  tract,  and  in  the  latter  case  a  small  tract 
of  tissue.  Whether  the  whole  nerve  corresp^rnds  to  the  fibres  of  several  seg- 
ments fused  together,  or  to  those  of  one  segment  spread  out  longitudinally,  h 
for  our  present  purposes  of  secondary  importance. 

llecognizing  the  hypoglossal  nerve  as  the  homologiie  of  a  spinal  anterior 
root,  we  may  go  on  to  claim  the  nuclei  of  the  third  and  fourth  nervea  as 
similar  groups  of  cells  of  ihe  anteriar  bom,  giving  rise  lo  anterior  rootB. 
The  position  of  the  nuclei,  the  character  of  the  cells,  the  function  of  the 
fibres,  all  support  this  view.  The  case  is  perhaps  not  so  clear  as  that  of  the 
hypoglossal  nerve,  since  there  are  reasons  for  thinking  that  these  nerves  have 
undergone  in  the  cour^  of  evolution  greater  changes  than  has  the  hypoglossal 
nerve;  still  these  reasons  do  not  oppose  the  above  conclusion. 

The  nucleus  of  the  exclusively  motor  sixth  nerve  iloes  not  exactly  corre- 
spond to  those  of  the  third  ancj  fcturth  in  position;  but  we  may  probablv 
place  it  in  the  same  series  with  them.  Thus  we  have  in  succession  the  third, 
fourth,  sixth,  and  twelfth  nerves,  with  their  respective  nuclei,  aa  the  anterior 
roots  of  nerves  of  their  several  segments. 

In  the  fifth  nerve  the  dislocation  and  fusion  spoken  of  above  has  intro- 
duced difficulties.  The  motor  nucleus,  with  the  fibres  of  the  motor  root  to 
which  it  gives  origin,  has  by  some  been  considered  as  homologous  to  the 
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series  ju8t  described ;  but  it  is  at  once  obvious  that  ne  cannot  look  upon  this 
great  fifth  nerve  as  corresponding  to  one  spiual  tiorve,  with  its  anterior  and 
poeterior  root,  great  as  the  auperHcial  re«erablaui-e  seems  to  be.  The  features 
of  the  remarkable  ascending  root  forbid  this.  The  fibres  of  this  root  may  be 
traced  buck,  as  we  have  said,  to  the  very  beginning  of  the  bulb,  and.  indeed, 
into  the  spinal  cord  beyond  ;  as  far  as  can  be  ascertained,  they  are  not  in  an 
obvious  and  direct  manner  connected  with  nerve-cells  alon^;  their  course; 
but  the  bundle  of  fibres  clings,  as  we  have  seen,  to  the  gelatinous  substance 
of  the  r>oaterior  horn  of  the  spinal  cord  and  to  the  continuation  of  this  along 
the  bulb,  and  the  fibres  are  lost  in  this  strncture.  The  root,  therefore,  as  we 
have  eaid,  corresponds  very  closely  to  |mrt  at  least  of  the  posterior  root  of  a 
spinal  nerve,  and, though  the  matter  has  not  yet  been  experimentally  proved, 
we  mav  infer  that  the  trophic  centres  of  these  fibres  are  to  be  found  in  the 
cells  or  the  Gaaserian  ganglion. 

But  if  the  aiK-endiag  root  be  of  the  nature  of  a  posterior  root  (and  we  may 
incidentally  remark  that  tlit^  l^rni  ascending  has  been  unbuppily  cho6eu, 
since,  if  it  be  an  afferent  root,  the  direction  of  the  impulses  which  it  carries 
will  be  a  descending  one,  namely,  from  the  entrance  in  the  pons  toward  the 
hinder  parts),  we  can  hardly  suppose,  that  it  belongs  to  a  single  segment,  or 
is  the  complement  of  the  motor  root  alone ;  in  it,  most  probably,  the  pos- 
terior fibres  of  several  segments  are  blended  together.  Further,  we  may 
perhaps  infer  that  the  other  fibres  of  the  sensory  root  which  end  directly  in 
what  we  have  called  the  sensory  nuoleu!^,  are  in  nature  quite  distinct  from 
the  fibres  of  the  ascending  root ;  and  if  so,  dlHiculties  arise  us  to  the  nature 
and  homologies  of  the  nucleus  in  questiou.  These,  however,  we  must  not 
discuss  here,  nor  can  we  enter  into  the  question  of  the  nature  f>f  the  descend- 
ing root,  concerning  the  fibres  of  which,  as  we  have  said,  authorities  diflferas 
to  whether  they  pass  into  the  motor  or  sensory  root.  AVe  have  said  enough 
to  show  that  this  fifth  nerve  is  extremely  complex,  and  that  its  apparent  con- 
formity to  a  simple  spinal  nerve  is  in  reality  misleading. 

The  fibres  of  the  vagus,  glosso-pharyngoal,  and  bulbar  accessory,  taken 
together,  are  partly  efl^erent,  partly  afferent.  The  combined  nucleus  of  these 
three  nerves,  the  cells  of  which  are  small  and  devoid  of  conspicuous  axis- 
cylinder  proccitees,  is  usually  regarded  as  a  sensory  nucleus,  and  in  the  dia- 
gram, Fig.  193,  is  shaded  accordingly.  It  may  })erhaps  be  compared  to  tlie 
sensory  nucleus  of  the  fifth.  Thus,  the  ascending  root,  or  fasciculus  solitarius, 
presents  many  analogies  with  the  ascending  root  of  the  fifth,  and  we  are  led 
to  regard  this  as,  like  it,  a  gathering  of  certain  afferent  fibres  of  the  posterior 
roots  of  several  segments  ;  in  its  case  also  the  term  ascending  is  misleatling. 
But  there  are  many  difficulties  in  connection  with  this  nucleus,  as  with  the 
fiflh.  We  must  not  enter  into  a  detailed  discussion  concerning  them,  but 
may  remark  that  we  have  here  perhaps  to  deal  with  complexities  due  to  the 
fact  that  certiiinly  many  vagus  and  ghwso-pharyngeal  fibres,  and  probably 
some  of  those  of  the  fifth,  are  splanchnic  in  function. 

The  nucleus  ambiguus  contains  large  conspicuous  cells  and  we  may  proba- 
bly regard  it  as  a  motor  nucleus,  esj>ecially  of  the  vagus  fibres.  We  may 
also  perhajw  place  it  and  the  nucleus  of  the  seventh  nerve  in  the  same  cate- 
gory, and  further  da.'*  with  them  the  motor  nucleus  of  the  fifth,  looking  upon 
all  three  as  so  many  detached  portions  of  gray  matter,  corresponding  l<.>sonie 
imrt  of  the  anterior  horn  of  the  spinal  cord.  Whether  they  are  exactly 
homologous  to  the  hypoglossal  nucleus,  and  their  fibres  to  simple  anterior 
roots,  is  not  so  clear. 

Lastly,  the  auditory  nerve,  both  from  its  character  as  a  nerve  of  special 
aense  and  from  the  remarkable  features  of  its  nuclei,  is  even  more  difficult. 
Itfofit  probably  it  results  from  the  fusion  of  more  roots  than  one;  but  it  is 
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impossible  at  present  to  obtain  a  clear  conception  of  the  nature  of  the  whole 
nerve. 

2.    The  Superficial  Gray  MaUer. 

§  626.  The  whole  of  the  surface  of  each  cerebral  hemisphere  for  some  little 
depth  inward  consists  of  gray  matter,  possessing  special  characters  ;  this  is 
called  the  cortical  gray  matter,  or  the  cortex  cerebri,  or  shortly  and  simply 
the  cortex.  As  we  shall  see,  by  its  histological  and  still  more  by  its  physio- 
logical features,  it  stands  apart  from  all  other  kiudnof  gray  matter. 

The  whole  of  the  surface  of  the  cerebellum  is  also  covered'  with  gray  matter, 
which,  while  possessing  features  of  its  own,  so  far  resemble  the  cerebral  cortex 
in  its  hiBtological  chiinLcters  that  it  too  has  been  spoken  of  as  cortex,  as  the 
cortex  cerebelli.  By  iti*  functional  manifestations,  however,  it  diflers  widely 
from  the  cerebral  cortex;"  and  since  there  are  many  advantages  in  being  able 
to  use  the  word  cortex  in  connection  with  the  cerebrum  only,  it  is  desirable 
not  to  speak  of  a  cerebellar  cortex  but  to  employ  the  term  *'  superticial  gray 
matter  of  the  cerebellum." 

The  third  ventricle  and  the  hinder  part  of  the  fourth  ventricle  are  not 
roofed  in  by  nervous  material,  and  possess  no  HUperficiiil  grny  matter  at  all. 
In  the  corpora  quftdrigeinina.  which  form  the  roof  of  the  aqueduct  or  cavity 
of  the  mid-brain,  gray  matter  is  present  and  possesses,  in  the  case  of  the 
anterior  corpora  fpiadrigcmina  at  least,  characters  to  a  certain  extent  analu- 
goua  to  those  of  the  cortex  and  to  the  cerebellar  superficial  gray  matter  ;  but 
it  will  be  best  to  consider  the  gray  matter  uf  these  bodies  as  belonging  to 
another  category. 


3.  The  Intermediitte  Gray  Matter  of  the  Crura!  System, 


i 


^  627.  We  have  seen  (§  604)  that  the  crura  cerebri  form  the  prominent 
part  of  a  system  of  longitudinal  fibres  stretching  from  each  cerebral   hemi- 
sphere to  the  bulb  and  to  the  spiual  cord.     This  system  of  fibres,  upon  whidi 
we  may  consider  the  various  parts  of  the  brain  to  be  as  it  were  founded,  we 
may  H[)eak  of  as  the  crural  system.     It  is,  it  is  true,  not  one  continuous 
strand,  but  a  number  of  difitrent  strands,  having  different  I>eginniug8  and 
endings;  but  these  all  contribute  to  the  crura  and  are  so  far  alike  as  to  justify 
us  iu  considcriug  them  as  a  system.     The  cortical  gray  matter  of  each  hemi- 
sphere is,  as  we  shall  see,  cunnected  with  various  patts  of  this  system,  and  in 
one  sense  we  may   regard  this  system  as  beginniug  in  the  cortex  of  each 
hemisphere,  and  ending  in  the  spinal  cord.      But  certain  masses  of  gra^i 
matter  in  the  hemisphere  not  strictly  cortical,  and  several  important  n^'^'l^^l 
and  areas  of  gray  matter  lying  between  the  hemisphere  and  the  cord,  u^l 
connected  with  the  system  ;  and  these  we  may  speak  of  as  the  **  intermediate 
gray  matter  of  the  crural  system." 

Corpus  Mrialuvt  and  optic  tJialamtia.  Of  all  these  several  collections  of 
gray  matter,  the  largest,  most  conspicuous,  and  perhaps  the  most  important 
are  the  two  masses  in  the  front  part  of  the  system  known  as  the  corpus  stria- 
tum and  optic  thalamus.  The  former  is,  as  we  have  seen  ( S  603),  a  develop- 
ment of  the  wall  of  the  cerebral  vesicle,  the  latter  a  development  of  the  wall 
of  the  vesicle  of  the  third  ventricle.  They  are,  therefore,  of  difierent  origin: 
although  in  the  course  of  the  growth  of  the  brain  they  become  closely  attached 
to  each  other,  ihcy  are  at  the  outset  quite  separate  and  distinct.  Moreover. 
as  we  shall  see,  they  ditfer  from  each  other  so  eflsentiutly,  in  their  nature  and 


THE    GRAY    HATTER 


763 


relatiuiis,  that  they  caunot  be  cooiiidered  aa  homologous  bodies;  and  the  term 
"  basal  ganglia*'  often  applied  Ui  iheni  is,  therefore,  unfortunate.  Neverthe- 
leaa,  it  will  render  the  desicription  of  their  topographical  relations  easier,  if 
for  a  little  while  we  consider  them  together. 

When  the  lateral  ventricle  is  laid  open  from  above,  part  of  the  corpus 
striatum  is  seen  projecting  into  the  cavity  of  the  ventricle.  In  front  the 
projecting  part  is  nrnad,  forming  the  lateroJ  wall  and  part  of  the  Hoor  of  the 
ventricle,  and  to  its  metiian  m\e  lies  the  cavity  of  tlie  ventricle,  separated 
from  ita  fellow  by  thescptiira  Juciduni.  Further  buck  the  pr(»jecting  part, 
becoming  gradually  narrower,  a^umed  a  more  lateral  position  and  passes 
into  the  descending  horn.  Jn  this  ]mrt  of  it«  course  their  lies  on  its  median 
side,  separated  from  it  by  a  narrow  band  called  the  ticnia  scmicirouiaris  or 
atria  terminalis,  the  optic  thalaniui^.  a  narrow  strip  of  the  surface  of  which 
is  seen  projecting  out-side  the  edge  of  the  chomid  plexus.  If  now,  not  only 
hoth  lateral  ventricles  be  laid  open  by  removal  i»f  the  corpus  callosuni  and 
the  fornix  with  the  velum  iulerpusitum  and  clmroid  plexus  he  taken  away, 
so  as  fully  to  expose  the  third  ventricle,  but  also,  in  order  to  obtain  a  better 
view,  the  whole  of  the  hinder  part  of  the  cerebrum  containing  the  |K)sterior 
horns  of  the  lateral  ventricle,  be  completely  cut  away,  it  is  seen  (Fig.  193) 
that  the  two  optic  thakmi  (O.  T,)  present  themselves  as  two  large  oval 
bifdies.  placed  obliquely  athwart  the  diverging  crura  cerebri  and  converging 
in  front  to  form  the  immediate  walls  of  the  third  ventricle.  In  front  and  to 
the  sides  of  the  optic  thalami  are  .seen  the  corpora  striata  {C.  S.)  forming 
anteriorly  the  lateral  walls  of  the  two  lateral  ventricles,  and  diverging  behind 
to  allow  of  the  interpositii»n  of  the  optic  thalami.  On  each  side  of  the  brain 
then  these  two  bodies,  the  corpus  striatum  and  optic  thalamus,  ap[>car  as  two 
minnm  of  gray  matter  placed  on  the  cms  cerebri  as  this,  diverging  from  ita 
fellow,  begins  to  spread  out  into  the  cerebral  hemisphere,  the  corpus  striatum 
l>eing  placed  somewhat  iu  front  of  the  optic  thalamus.  The  relations  of  the 
two  bodies.  morw>ver,  are  such  that  while  the  optic  thalamus  alone  forms  the 
wall  of  the  third  ventricle  to  which  it  properly  belongs,  and  the  corpus 
striatum  forms  part  of  the  wall  of  the  lateral  ventricle  to  which  it  in  turn 
properly  belongs,  the  optic  thalamus  also  projects  into  and  seems  to  form 
part  of  the  wall  of  the  lateral  ventricle,  thougn  at  \\a  origin  it  had  nothing 
U^  do  with  the  cerebral  vesicle. 

We  spoke  just  now  of  these  bodies  as  being  placed  on  the  crura  cerebri, 
but  though  their  dorsal  surfaces  thus  project  from  the  dorsal  surface  of  the 
diverging  crura,  u  large  portion  of  each  body  is,  so  to  s|)eak,  imbedded  in  the 
substance  of  the  diverging  cms,  and  what  is  seen  in  the  aliove  surface  view 
is  only  a  part  of  each  body,  and,  indeed,  in  the  case  of  the  corpus  striatum, 
only  a  small  part.  In  order  to  understand  the  nature  and  relations  of  these 
two  important  bodies  we  must  study  sections  taken  through  a  cerebral  hemi- 
sphere   in  various  planes  (Figs.  194-201). 

Each  cms  is  made  up  as  we  have  seen  of  a  dorsal  portion  or  tegmentum 
consistinj;  largely  of  gray  matter,  and  a  ventral  portion  or  pes  consisting 
exclusively  of  longitudinally  disposed  tibres.  The  tegmentum  ends  partly 
in  structures  lying  ventral  to  the  thalamus,  partly  iu  the  thalamus  itself; 
and  we  may  for  the  {>re8eut  leave  this  jtart  of  the  crus  out  of  consideration. 
The  fibres  of  the  pes,  while  c<mtinuing  their  oblique  course  forwanl  and  out- 
ward, soon  rise  dorsal ly  by  the  side  of  the  thalamus  and  hence,  in  a  trans- 
verse dorso-ventral  section  at  the  level  of  the  hind  part  of  the  thalamus  (Fig, 
194),  are  seen  leaving  their  previous  poeiition  ventral  to  the  substantia  nigra 
(Sn.)  and  passing  {Cip.)  by  the  si<le  of  the  thalamus  on  their  way  to  the  cen- 
tral white  matter  of  the  hemisphere.  In  this  part  of  their  course  they  form 
a  thick  strand  separating  the  thalamus  (In.)  from  a  large  mass  of  gray  matter 
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which,  roughly  triangular  in  section,  is  divided  by  partitions  of  white  znaUer 
into  three  parts  (Gp\  Gp'\  Pt)^  and  of  which  we  snail  speak  directly  aa  the 
nucleus  lenticularb. 

FlO.  IIU. 


DtAOnAXKATICODTUNEOP  A  TbASSVIME  DORSO-VKSTIl  IL  jjA  Uu.v  IllUut  uU  TUERIOHT  HOUSmiCM 
(Man),  XT  LKVEL  POSTKBIOK  to  TUK  KNCE  op  the  INTSRKAL  UAP8U1.B.    (UffUtRmOTOM.)     (N»taral 

dae.) 

Ac;  nucleus  caudAtnii;  in  the  upper  part  of  the  flgtire,  the  «ertJon  of  the  nucleus  is  IbraOKb  the 
narrower  portion  which  succeeds  the  wider  frout  end  or  bead  :  tn  the  lowtir  ptirt  of  the  n^nn  the 
section  passes  through  the  toil  of  tlie  nucleus  near  its  end.  and  this  (ortlon  of  It  hM  br  the  cake  of 
cleamcas  been  sundered  from  the  ^nty  matter  at  Xa,  nuclea»  aruygdalir',  more  disllnctif  than  tn 
raallCT  is  the  cose.  Gp'.<7p".globiu<iia1lidiiii,  s«cn  herein  two  segments,  and  Pr.pntamen  of  nndeiai 
lenllotilaria ;  an,  the  Huterlur;  in,  the  inner;  and  In,  the  lateral  nucleus  of  the  optic  tbaluniv:  at 
U  Is  seen  the  "  latticed  layer"  lying  next  to  Vip,  the  poetcrtor  limb  of  the  internal  capsule  aad  ooo- 
lalning  many  iitrands  of  tlbrea  whlob  mingle  with  it.  In  the  thalamua  between  the  aateilor  and 
internal  nuclei  on  the  une  band  aud  the  lateral  uucleu»  un  the  other  U  n  layer  shaded  lens  deeply  In 
the  figure,  representing  tbeintomal  mediillsry  lamina  of  the  thalnmiu,  consisting  largely  of  uhite 
matter.  Other  collections  of  white  matter  n-ithin  tbe  thalamuft  are  1^,  ibebQQdleuf  Vlcq.d'Azrr. 
and  P,  the  lower  end  of  the  anterior  pillar  of  the  forulx  ;  F,  ttic  api«ir  end  of  tbe  anterior  pHlar  of 
the  fbmix,  below  tx,  the  corpus  callosum :  C.fb,  cor^tn^  sublhalamlrnm.  forming  a  Otirly  continiKros 
xnsasMrlth  the  thalamus;  ^.substantia  nigra;  d,  claustrum ;  ee,  external  capsule ;  O^  (ermliial 
portion  of  anterior  oomuiissure ;  In,  tbe  hit>ula  nr  Ulaud  uf  Ruli ,  /t-,  lateral  rentriclc ;  t.v.d,  doscond- 
ing  bom  of  laleial  rentricle :  K  a,  in  the  poaitJun  of  the  third  ventricle .  the  ouiUnea  of  the  oavillaa 
are  made  diagram  mat  I  cally  dlsUnct  by  thick  black  lines;  Opt  optic  tract:  P,  P,  partetal  lobii 
T,  tem  poral  lobe. 
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If  iastead  of  taking  a  tnuisverse  we  take  a  longitudin 
(or  as  it  is  called  sagittal)  »ecLiou  (Fig.  200)  we  OuU  tJmt  tbe  tibres  foruiiag 
the  strand  in  question  do  not  continue  parallel  to  each  other  as  they  ride  dor- 
Baity  but  diverge  in  a  radiating  ninnuer,  forming  the  so-called  corona  radiata. 
If  again  we  take  hori/ontai  nections  at  proper  levels  (Figs.  lt)»i,  1**9),  we 
find  that  this  strand  or  rather  thick  band  ofdorsally  directed  radiating  fibres 
not  only  stretches  {Cip)  between  the  thalamus  and  the  gray  mass  just  spoken 
of.  but  reaching  further  forward  passes  {Via)  between  the  same  gray  mass  on 
the  lateral  side  and  another  gray  mass  ( Nc)  on  tbe  medttin  side,  the  latter  from 
its  pofiilion  being  evidently  the  part  of  the  corpus  striatum  which  projects 
into  the  lateral  ventricle.  The  same  horizontal  sections  further  teach  us  that 
the  front  part  of  the  bai»d  (  Cia)  is  bent  at  an  angle  iipoii  the  hind  part  (  Cip), 

It  appears  then  from  these  sections  that  the  Hbres  of  the  pes  as  (hey  rise 
up  dorsally  into  the  hemisphere  spread  out  in  the  form  of  a  fan  bent  upon 
iiaelf.  This  fan-like  expansion  of  the  ]ie&  is  called  the  intcriml  cap^nif\  the 
asgle  formed  by  the  bend  being  called  its  genii  or  hiee  {Ctg),  the  part  in 
front  of  the  knee  the  front  limb,  and  the  part  behind  the  knee  the  hind  limb. 
And  horizontal  eectinne  at  leveU  more  dorsal  than  those  given  in  Figs.  193- 
199  would  show  that  the  hbres  composing  this  fan-like  internal  ca[mule.  aa 
they  nise  dorsally,  curved  away  in  various  directions  to  reach  noarSyal]  parts 
of  the  surface  of  the  hemisphere.  We  may  add  that  though  the  internal 
capsule  is  mainly  composed  of  fibres  which  ihus  Htretch  all  tfie  way  fr«mi  the 
cerebral  cortex  to  the  pes  of  the  crus,  it  also  contains  other  fibres  of  which 
we  shall  speak  later  on. 

§628.  The  gray  mass  separated  from  the  thalamus  by  the  hind  limb  of 
the  internal  capsule  is  called  as  a  whole  the  nuclttus  leuticulari^,  since  in  hori- 
zontal section  it  presents  a  certain  though  distant  reseujblauoe  to  a  lens.  Of 
the  three  divisions  into  which  it  is  split  up  by  the  partitions  of  white  matter, 
the  two  me<lian  ones  Qp,  Gp'\  are  8j>okeu  of  together  as  the  (/lobu^K  pnllidus, 
the  name  being  given  to  them  on  account  of  their  paler  color.  The  third, 
lateral  division  Ft,  is  called  the  putamrn.  The  use  of  these  two  names  for 
the  two  different  parts  of  the  one  body,  appears  to  be  justified  by  the  different 
connections  and  features  of  the  two  parts. 

The  gray  mass  which  in  a  horizontal  section  (Fig.  193,  Nc)  is  separated 
from  the  nucleus  lonticularia  by  the  front  Urah  of  the  external  cap«ule,  and 
which  projects  into  the  lateral  ventricle,  is  called  the  nucUttJi  raudattu.  The 
nucleus  caudatus  and  the  nucleus  lenticularis  form  together  the  corpus  stria- 
tum; the  former,  since  it  projects  into  the  lateral  ventricle,  being  the  part  of 
the  corpus  striatum  seen  when  the  lateral  ventricle  ts  laid  open,  is  sometimes 
spoken  of  as  the  intra-ventricular  portion  of  the  whole  body,  while  the  nucleus 
lenticularis,  which  is  wholly  htdden  in  the  hemisphere  and  in  no  part  projects 
into  the  lateral  ventricle,  is  called  the  exlra-veuiricular  jwrtion. 

But  only  a  part,  indeed  only  a  relatively  small  part,  of  the  nucleus  cauda- 
tus is  discliised  in  such  a  horizontal  section ;  to  learn  the  somewhat  peculiar 
form  and  relations  of  the  whole  nucleus  a  number  of  sections  of  a  herai- 
Aphere  taken  in  different  planes  must  be  studied  ;  and  these  will  at  the  same 
time  explain  why  the  nucleus  is  called  "caudatus."  These  teach  us  that  the 
nucleus  has  somewhat  the  form  of  a  comma  (Fig.  197).  The  thick,  rounded 
kesid  forms  the  lateral  wall  of  the  front  part  of  the  lateral  ventricle;  thence 
the  body  poases  backward,  narrowing  rapidly  and  diverging  i^omewhat  later- 
ally; in  its  course  it  arches  over  the  nucleus  lenticularis,  curving  so  much 
that  the  end  of  the  tail,  sweeping  round  the  hinder  border  uf  that  body  and 
changing  ita  direction,  runs  eventually  ventral  to  it.  Id  a  horizontal  section 
taken  at  a  certain  depth,  such  as  that  represented  in  Fig.  19.%  only  a  (H>rtiou 
the  head  or  body  ( Xe)  in  the  front  part  of  the  figure,  and  a  transverse 
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section  of  the  end  of  the  tail  (Nc)  in  the  hind  part  of  the  figure  are  seen  ; 
the  intervening  [wrtion  of  the  nucleus  lies  above  the  plane  of  the  secnori. 
In  a  transverse,  dorao-ventral  section  taken  somewhat  anteriorly  through  the 
front  limb  of  the  capsule  (Fig.  195),  the  head  or  body  of  the  nucleus  cauda- 
tus  (iVe),  which  has  not  yet  reached  its  greatest  dimensions,  is  seen  lying 


Fio.  VX.> 


DlAOftANSIAnC   OlTLIME  Or  A  TBAN^ERHE    lH)BK>-Vi:NTtIAt.    SECTION    TIinOUGB     TUX    RiOUT  HCU- 

SPHERE  IMan)  at  a  Letcl  Aitteiuor  TO  Fio.  IM.  (SiiEBRiNOTOHj  Xat-anil  idae. 
Ac,  Dudviu  cftUtlntns :  <tp'.  Gp",  globus  palUdui,  seen  bere  In  two  segments,  aiid  /Y.  {lutuoen  of 
nuoleua  lentlcularU ;  OT,  opCIo  tDftliLinuB,  with  ra,  interior  cuinoilsBnre  io  clow  relftdoa  to  da. 
itnUnlor  limb  of  Intemnl  cnpcule;  «,  external  ca|p«ule;  op,  optic  tract;  cc,  corpox  callonuo:/, 
fornix  ;  Iv.  a  itpftcc  that  In  ils  iiji|ier  part  bi-lrmgs  to  itiv  bklE-nll  ventricle.  In  Its  tower  wnj  filled  hf 
the  fold  of  KUbarocbnold  tissue  and  pla  luatrr.  the  sldu  Moxe  of  which,  covered  with  epithi^Uum. 
form*  tbc  choroid  plexus  ;  this  fold  wa*>  detached  In  the  making  of  the  section  and  wk«  r^itynrvd  : 
ill,  tbc  Insula :  f.  fhiutal  lobe :  P.  p&iietal  lobe  :  T.  icmporat  lobe.  For  greater  clearness  the  eostlral 
gray  nutter,  which  Is  shaded  In  Fig.  IH,  in  In  thix  flgun^  left  unshaded. 

dorsal  to  the  uucleug  lenticularis,  separated  from  it  by  the  white  mass  of  the 
front  limb  (cia)  of  the  capsule,  though  this  is  8<miewhat  broken  up  by  strands 
of  gray  matter  passing  fnuu  one  nucleus  to  the  other.  In  a  transverse,  dnr^o- 
ventral  section,  taken  still  more  auleriorly,  through  the  frontal  lobe  (Fig. 
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U)6),  the  head  of  the  nucleus  caudfttus  is  seen  at  aliout  iU  greatest  size,  and 
the  diniiui^bing  uucleut^  leuticntaria  (A7).  repre8eDt«d  by  the  putamen  alone, 
ifl  becomiug  funed  with  iL,  the  two  nuclei  beiug  separated  by  a  Hinall  f^uaulity 
of  while  matter  of  the  internal  capsule,  and  that  largely  broken  up  by  bridles 
of  gray  matter,  giving  rise  to  a  striated  appearance.  In  a  similar  section 
still  further  forward,  the  nuclcim  lenticiilaris  would  be  abseat.  the  head  of 
the  nucleus  caudatus  appearing  by  itself  Returning  to  the  hinder  part  of 
the  hemisphere,  we  find  in  a  dorao-ventral  section  taken  through  the  hind 

Fio.  W. 


OlAOEAVltJlTIG  OtTUNC  OF  k  TRAMlVCInl    DOBaO-VCSTR^L    SBCHOS  OF  RiOUT  llKXISrHEItl  (UaN) 
TUJtOt'GH  THX  PftOKTAL  LoBB.     (BUCftKINOTON.)     Nfttural  ftlW. 

.\V.  tiowl  of  aucleui  caaiUtus,  and  yi.  the  front  cud  of  Uiu  putamvu  of  iliu  nucleus  lenllruUrii 
tkeonmlny  fttaed  with  It :  ee,  corpus  CAlliMum,  cut  ibmugh  At  lU  front  bend  or  rnntrum,  no  thai  both 
4<mwl1  and  ventral  jtortJoDS  are  shown ;  l)etwe«n  these  Lb  seen  tbo  Qfth  Tcnuids  or  cavtty  In  the 
^■pcum  tucldiUD  Si;  h,  lateral  T«nli1cle ;  Ct,  clauitrum ;  F,  fkontal  lobe.  CorUcal  gray  uiaitur,  m  In 
wig.  UO,  Mt  uiulttdod. 

limb  of  the  capsule  (Fig.  194)  that  while  the  nucleus  lenticularis  is  here  at 
its  greatest  size,  the  head  of  the  nucleus  caudatus  (Xc),  lying  dorsal  to  the 
tiucleus  lenticularis  and  separated  from  it  by  a  considerable  thickness  of 
internal  capsule,  has  much  diminished  ;  the  same  section  moreover  shows, 
ventral  to  the  nucleus  lenticularis  and  clinging  to  the  descending  horn  of  the 
lateral  ventricle  (/.r.f/.),  the  extreme  tip  of  the  tail  of  the  nucleus  caudatus 
iXc)  Boon  about  to  fuse  with  the  small  mass  of  gray  matter  called  the  nucieus 
nuntfjticiifr  (iVrt).  A  sagittal  (longitudinal  dorso-ventral)  section  taken  at 
w.ine  distance  from  the  median  line  (Fig.  197)  shows  the  curved  course  of 
\\\i-  larger  portion  of  the  nucleus  cauilatus,  the  extreme  head,  as  well  as  the 
latter  part  of  the  tail   lying  out  of  the  plane  of  the  section ;  and  a  similar 
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section  taken  nearer  the  middle  !iue  (Fig.  200)  shows  how  the  nucleus  in 
the  middle  portion  is  broken  up  by  hands  of  fibres  of  the  intenial  capsule 
traversing  it^  and  thvis  contrihutirig  to  the  striated  appearance;  the  same 
section  also  shows  that  the  globus  pallidus,  as  well  as  the  puiamea^  becomes 
continuous  with  the  nucleus  c-audatus. 


Fig.  17J. 


DUORAVMATIC  OOTUKK  OW  k  SaQITTAL    SBOTIOM   TAKEN    THRODOH  TH8   RiaHT    HKMMrilKJtK  (MAS 

Seen  riioM  tub  Mesul  SirnPACE.  (SiiKuniNUTON.)  Half  nutunil  slie. 
Tb«pl&neorthu)«c'Uoaisnuitmlysi^tiiLl,  but  slightly  tuclln«d.  Nc.  ttwc*uilale  nucleiM  expoval 
to  the  lelt  of  tbe  lelten  yc  in  nearlj:  Its  outlre  ulterior  tixtvnl  bt  rlgbc  of  ibe  letters  m  a  ooulderAble 
put  of  llB  poiterior  exieni.  It  ronns  an  arch  of  gray  maiter  over  tb?  gray  rriAUer  of  Pt,  the  potamcn 
and  0p,  tbe  globiu  lAlIIdiu  of  tbe  lentluolar  uuclaua :  A'a,  tbe  aniygiltilaid  dqcIcos  :  d,  CI.  d.  Ibc 
Internal  capaalo ;  Cb,  the  anterior  commlHure ;  cc,  tbe  hinder  limit  of  flbras  of  ibe  splenlum  oorpurts 
calloBl ,  P,  tbe  parietal  lobe :  T,  tbe  temporal. 


Thus,  when  we  speak  of  tbe  corpus  striatum  as  a  whole  we  mean  a  large 
mass  nf  gray  matter  lyitig  lateral  to  the  optic  thalamus,  reaching  nearly  as 
far  back  as  that  body  and  stretching  nuich  further  forward,  ns  far  forward  in 
fact  as  does  the  lateral  ventricle;  hut  it  is  imjvortant  to  remember  that  it  is 
divided  into  two  masses  or  nuclei,  which  are  fused  together,  and  that  im- 
perfectly at  the  very  front  only.  These  two  nuclei  are,  the  one  tbe  comma- 
shaped  nucleus  cnudatua,  the  bulk  nf  which  is  placed  forward  projecting  into 
the  lateral  ventricle,  and  which  on  the  whole  is  the  more  dorsal  portion  of 
the  whole  body,  tlic  other  the  irrcguluriy  shaped  nucleus  leulicularis,  the 
bulk  of  which  ii*  placed  further  hack  than  the  lateral  ventricle,  by  the  side 
of  the  optic  thalarniis^nud  which  on  the  whole  is  the  more  ventral  portion  of 
the  whole  body.  It  is  tu>  less  important  to  remember  that  the  radiating  tibreFt, 
which  we  call  the  interna!  capsule,  pass  in  the  hinder  region  of  the  whole 
body  between  the  thnlamus  and  the  nucleus  Icuticularis,  forming  the  hind 
limb  of  the  capsule,  and  in  the  front  region  between  the  nucleus  caodatus 
and  the  nucleus  lenticularis.  forming  the  front  limb  of  the  capsule,  the  front 
and  hind  limbs  being  bent  on  each  other  so  as  to  form  an  angle,  the  ao-called 
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Vww  or  Right  HALrorBRAi.v  op  Man  ab  Diacuaatv  «y  a  loNoiruDiy*!,  Sbttios  in  the  Mcduk 
Link  TBDorau  tmk  Lo.stinc'uiNAL  Piwuhe.    (8uerri:(6Tu.h.)    Half  luturml  size. 

Tb«  bttlb.  levn  at  longitudinal  vecUon  at  B.  puMi  Into  the  pons  P.  and  Into  the  «nu ecrtftrf .  whfeh 
Inn  i«  cat  obllqovir  acroai  u  it  dlrertK*  Into  the  bomlapbare  and  poBKt  oat  of  the  sectloa.  A  part 
nf  the  ventral  fiirfac«  of  Ibo  ctuk  \s  nbown  In  the  shaded  pari  marked  CR.  At  OL  the  rrntml  (nnal 
tjf  (be  spinal  cord  Is  seen  opening  out  into  Ihe/auriA  ventricle  {Ath),  overhung  by  the  cerebellum 
(biavctedtn  the  middle  Unci,  and  passing  on  by  the  aqurdiict  beneath  tbD|ioiterlor.  QP,  and  anterior, 
4iA,  corpora  quadripemina  Into  the  thfM  ttnlrici^  (Si.  The  pustciior  corpu*  quadiigemlnuin  U  con- 
Unuotu  behind  with  the  ivi/iv  f^  VleuMmn.  attachod  to  the  supoiior  pedunole  of  the  ocrebelluio,  and 
«een  In  a  longitudinal  section  overhaofrlnff  the  troni  part  of  the  foanh  ventricle.  The  oorpoim  quad* 
vi^xnina  appear  rclatlrely  miall  becaiuw  tbe  aectlon  panea  in  the  uedtao  llnu  In  the  deprv«<«ion 
iKfweeatbertsht  and  left  faodjea  of  the  Cwopatn:  and  Immedlatol)' in  front  of  tbeni  la  tbe  section 
«]f  tba  mcilally  placed  pineal  gtand  P,  which  oTerbauffs  the  openliig  of  the  aqueduct  iaifj  the  third 
irentrtcle.  and  tbe  right  arm  of  which  running  In  the  lateral  wait  ot  Ibu  third  ventricle  is  shown  by 
ma  uiMlMded  tract.  The  roof  of  the  third  ventricle  is  «een  to  be  AinilRhed  by  the  arch  of  tbe/omif 
^,  aboim  unahaded  in  lunffitudinalsoctlou.  Posteriorly  the  body  nf  the  fornix  f>aae«  Into  the  divers- 
log  right  potterior  piiiar,  wherii  ^bnhaded  and  is  Irwi  t(i  vieur  under  tlu)  uvcrliiuigiiig  rounded  hind 
vod  or  tpleniHm  (Spi  of  the  eorjiiu  cnl/oeiim.  lu  front  tlu.'l>ody  of  the  fornix  Is  soon  passing  Just  twhiad 
Um  t»»n»TerM  set:tiun  uf  the  anterior  cvmmiagure  A  Intu  the  diverging  right  anlerior pillar/,  which  Is 
%otlt  lOTtewaa  it  stretches  In  the  lateral  tvallol  the  ventricle  toward  tht-rorpiu  mammiUare or  atHcaa* 
Jt,  TIM  mall  white  croas  Immediatelr  behind/  indicates  the  |>o^jll<m  of  the  foramen  ^  MoHro 
Tto^bnlClng  median  surface  of  the  aptir  thatamiu,  OT.  It  tecu  forminK  the  lateral  wall  of  the  hinder 
tand  owtng  I"  the  cmnlal  flexure,  tbe  more  domh  t>art  of  the  third  renlrlcle,  and  on  thiit.  below 
Vhe  area  nf  the  pineal  gtaiMl.  Useen,  unshaded,  the  section  of  the«t/tor  mitttUr  m^miMurf  C  Between 
Ihc  i»liieal  glaud  i  P]  and  the  splifiiium  ySp) !»  ftveu  the  hiud  end  or  pnlvlnar  uf  the  ttialamiu  projeot- 
inff  Into  the  so-called  trauxvenu?  flHun>  of  the  brain,  shown  shaded  In  Ihe  Agure,  by  which  the  pla 
VMCer,  p—lflg  oo  beneath  the  posterior  pan  of  the  cerebrum  and  aimve  the  oerebellum,  galiu  access 
t^tlM  third  reotriole,  the  position  of  tbe  veium  being  shown  by  tbe  Iblu  bUck  line  ativtclilng  fW>ra 
(be  aplenlum  to  the  fiKnix.  The  fVont  land  more  ventral:'  part  of  the  thirxl  %-entrtcie  Li  seen  to  end 
tn  tbe  infuniiQ>uiam,  attache<1  to  which  is  tbe  pituitary  btvty  H,  xcen  In  (ocilon  at  L,  In  Iraut  of  the 
I .-  r.n..iu.iiiiira  1*  «een  the  optic  n^Tvt  cut  aeroM  at  the  w;»tiV  dttft»t»i/^n  OP,  strutchlng  from  which  to 
I  '  -'omnilwure  Is  the  lamum  lemUitnUt.    8trctch1ni!  between  the  corpus  ralttMum  iv  (iicen 

i  itial  wction  with  a  striated  appearance,  and  endlnif  In  front  ai  the  ruttnttn  A  and  hehiud 

lat  ibe  •t*i*^"lQrn  Sp)  donwily  and  tbe  fornix  ventrally  Is  seen  funnhatlodf  the  mj}(um  lucldum  SL,  bill 
Llie  gruater  part  of  tlUa  has  been  cut  away  in  onler  ut  dlsL^line  the  right  lateral  ventricle.  In  the  wall 
wbleh  la  seen  the  bulging  tmdeu*  caadatu*  yc.    Above  the  corpus  calUjsnra  la  seen  liie  inualal 
of  the  right  hemi^phen*  fornilu);  the  right  laleral  wall  of  thu  liifigttutllnal  (Inure.    On  this 
•urfluc  appaars  Inunedlalely  above  tbu  tjorpus  uallcMtm  the  arched  uyru*  /omieatus  Q.  P., 
■btnrt  by  tbo  eailos»«arirfiMtf/i>urv/.  csi.  The  whole  of  tbe  tarfiuK  seen  In  the  frontal  rugluu . 
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§  629.  The  optic  thnlartuis  ns  a  whole  is  a  somewhat  oval  mase  of  gray 
matter  lyiug.  as  we  have  said,  athwart  the  diverging  cms,  in  which  it  it 
partly  imbedded.  Its  curved  median  hide  covered  wilh  a  thin  layer  of  cen- 
tral gray  matter  forma  the  liileral  wail  of  the  third  ventricle  ( Figa.  193, 194, 
199),  and  in  &  longitudinal  vertical  section  of  the  brain  taken  in  the  line  of 
the  middle  of  the  third  vftitricle  (Fig.  198,  O.T.)  is  seen  occupying  the  space 
between  the  fornix  and  hind  end  (spleniiim)  of  the  corpuH  callosum  above 
and  the  diverging  erus  below,  lia  more  or  lo«8  tttraight  lateral  border  abuts 
on  the  internal  capsule  ( Figs,  19:i^  1D4,  199).  Its  dorsal  surface,  as  we  have 
already  seen,  also  forms  part  of  the  wall  of  the  third  ventricle  and  is  free; 
but  there  lies  close  above  it  the  prolongation  of  the  pia  mater,  forming  the 
velum  interpositura  with  its  choroid  plexus  (S  603),  which  creeps  in  over  it 
beneath  the  projecting  hind  end  ot  the  corpus  callosum  and  the  fornix 
(Fig.  198).  Its  ventral  anrface  is  fu&ed  with  the  cms  ;  indeed,  the  tegmental 
or  dorsal  portion  of  the  crua  may  be  said  to  end  in  it  and  in  certain  struc- 
tures lying  ventral  to  the  thiilamus,  in  what  is  calle<l  the  "subthalamic 
region'*  (Fig.  IV'4)^  while  the  fibres  of  the  pes  pass  tirst  ventral  and  then 
lateral  to  it  to  form  the  internal  capsule. 

The  gray  matter  of  the  whole  body  is  more  or  leas  distinctly  divided  by 
sheets  of  white  matter,  as  seen  both  in  hori/,outaI  and  in  vertical  sections 
(Figs.  193,  194,  199),  into  three  parts  which  have  received  the  name  of 
nuclei,  namely,  the  median  or  intitr  nude^t^  (Fig.  194,  in),  which  with  the  thin 
layer  of  central  gray  matter  forms  the  side  wall  of  the  third  ventricle;  the 
larger /a/*Ttf^  «uc/^i«  (Ai),  which  abuts  upon  the  internal  capsule;  and  the 
smaller  «n^er*or /*»<*/««(«//),  which  lies  on  the  dorsal  surface  of  the  front 
part  of  the  body,  and  which  thus  at  its  front  end  appears  to  project  into  the 
lateral  ventricle. 

These  three  nuclei  form,  however,  not  the  wholt^  of  the  optic  thalamus,  hut 
only  the  larger  front  portion;  behind  them  lies  the  important  portion  called 
the  puivhiar^  into  which  the  hind  part  of  the  median  nucleus  nierges  ;  this  ta 
partly  imbedded  in  the  cms  ventrally,  and  in  the  hemisphere  laterally,  and 
IS  partly  free,  coming  to  the  surface  beneath  the  hind  end  of  the  corpus  cal- 
losum. In  a  median  longitudinal  SEctiou  of  the  brain  (Fig.  198)  it  is  the 
pulvinar  which  forms  the  cur^hiunltke  thence  the  name)  end  of  the  thalamus 
l>eneatii  the  overhanging  spkuiium  of  the  corpus  callosum,  by  the  side  of  the 
pineal  gland;  and  in  the  horizontal  view  (Fig.  193,  iVrj,  in  which  the 
hemispheres  are  supposed  to  have  been  remove<l,  the  same  pulvinar  is  5«en 

rojecting  over  the  crua  by  the  side  of  the  anterior  corpus  quadrigeminum. 

be  buried  portion  of  the  pulvinar  is  exposed  in  a  transverse  section  taken 
through  the  anterior  corpus  ijuadrigeminum  (Fig.  192)  ;  the  extreme  end  of 
this  part  of  the  pulvinar  (Ptrr)  is  here  seen  lying  dorsal  and  lateral  l^t  the 
pes  of  the  crus,  immediately  above  two  massss  of  gray  matter,  the  cor|K)ra 
geniculata  (  Cgi.  Cgm.)^  of  which  we  shall  speak  later  on.  One  of  these,  the 
laUral  corpus  geniculatum  ( C.  g.  I.),  is  especially  connected  with  the  optic 
tract  (o/>  I,  and,  as  we  »hall  see  hereafter,  the  pulviunr  itself  is  also  oonuected 
with  the  optic  tract,  and  is  an  im]>ortnnt  part  of  the  centra)  apparatus  uf 
vision. 

§  630.  The  aubstautia  nigra,  the  reA  iivnlevi*,  nnd  other  gray  mnitrr  of  tha 
tegmentum.     Nerve  cells  and  groups  of  nerve-cells,  or  areas  ot  gray  matter, 

In  frffliloftbecmlloHO'iniinsIn"!  flnurv,  though  dlTkled  by  tlssum.  is  called  Xh^maTvinahtonvatntinn- 
In  the  middle  panefal  rv^nti  a  blork  of  the  cerebral  iiibHtanre  bas  been  t^movcd  In  order  In  kbow 
tlM  [<«]tloo  of  ihc  cfntrol juttirt  ot  jiuurf  tif  Itoiatxto./.  e.,  and  Immediately  below  ihls  lisoeoaimrt 

of  Pa. C.  tht  purart ntml  fiAtvlc.    It)  lliefX'Cipltnl  region.  i'/f'C,  U  the  pvmtnni«  or  f/iiudrritelobwJr^ftlllt 
C,  Ibcrutiruf,  vrbiluat  <7.  L.  In  se<'ii  ii  (tart  nf  the  Hnijunt  lohuie.     T.  i.  is  a  |>art  of  tbe  <^f*r(ori 
occipital  com^iiutton.  \  tic  greater  |Art  of  which  la  hltVleo  to  view  by  tbe  poii*  and  cnib. 


^ 


THE    GRAY    U  ATTKR. 


771 


^■^.Uall  to  deserve  aiwcial  names,  are  scattered  throughout  the  tcgmenlura 
dCAg  its  course.  I^ut.  l>et)i<leti  these  and  the  nuclei  of  the  third  and  fourth 
cranial  nerves,  of  which  we  have  already  spoken,  certain  larger  collections 
of  gray  matter  deserve  ntieution.  A  (ntispicimns  maaa  of  gray  matter,  cii^ 
eular  in  transverse  section,  placed  ip  I  he  midst  of  the  tegmentum  on  each 
side  but  somewhat  near  the  middle  line,  and  stretching  from  the  hinder 
margin  of  the  third  ventricle  beneath  the  anterior  corpus  quadrigeminum 
(Figs.  192,  1S^3),  is,  from  the  red  lint  it  poaset^ees,  calle<l  the  red  mtclniSf 
nucleus,  or  lot^us  ruber.  It  is  traversed  by  fibres  of  the  ihirtl  nerve  as  these 
make  their  way  ventrally  from  the  nucleus  to  the  surface. 

We  must  consider  also  as  belonging  to  the  tegmentum  a  large  area  of 
gray  matter,  somewhat  leos-shaped  in  section  (Fig.  192,  Sn),  which  lies 
between  the  pes  and  tetrineiUum,  sharply  marking  oft*  the  one  from  the  other. 
From  its  dark  appearance,  due  to  the  abundance  of  black  pigment,  it  is 
calle<l  the  gubstantin  nifjra  or  Incus  niger.  It  acquires  its  largest  dimensions 
at  about  the  mid<lle  of  the  length  of  the  crus,  coming  to  an  end  in  fnmt  ( Fig. 
194,  Su )  and  fading  away  behind  (Fig.  191),  as  the  cms  passes  beneath  the 
(Mjelerior  corpora  quadrigemiua.  These  two,  the  red  uucieua  and  the  aub- 
«tantia  nigra,  are  {>erha))s  the  most  important  collections  of  gray  matter  in 
the  tegmentum,  but  we  may  add  that  at  the  front  of  the  crus  as  the  sub- 
stantia nigra  comes  to  an  end  there  id  seen  in  a  somewhat  similar  position 
ventral  to  the  hind  part  of  the  optic  thalamus  a  collection  of  gray  matter 
called  the  eorptu  gublkahmieiim  (Fig.  194,  (\  f*b). 

At  the  hinder  part  of  the  crus,  as  it  is  about  to  plunge  into  the  pons,  while 
the  pes,  now  decreasing  relatively  in  size,  still  continues  to  be  ordinary  white 
matter  com[W)6ed  of  longitudinal  bundles  of  meflultate*!  fibres,  the  tegmentum 
t&kea  on  more  and  more  the  structure  which  in  speaking  of  the  bulb  we 
called  reticular  formation,  and  which,  as  we  saw,  deserves  to  be  considered  as 
ft  kind  of  gray  matter. 

77n?  tjntti  inalttr  of  ihe potm.     When  the  conjoineil  crura  as  we  trace  them 
beckward  plunge  beneath  the  pons,  the  longitudinal  fibres  of  the  pes  of  each 
Crus  are,  as  we  have  said,s<M*n  split  up  into  bundles  and  scattered  among  the 
tranavcrse  fibres  belonging  to  the  pons  itself     Dorsal  to  this  system  of  trans- 
Verse  and  longitudinal  fibres  forming  the  pons  proper,  between  it  on  the  ven- 
tral  surface  and  the  ceutral  gniy  matter  with  the  posterior  coriM)ra  quadri- 
^emina  on  the  dorsal  surface,  is  a  region  which  may  be  calleti  tegmental, 
ttince  it  is  a  continuation  of  the  tegmentum  of  the  crus.     In  the  front  part  of 
the  pons  (Fig.  191),  where  the  [)osterior  corpora  quadrigemina  still  form  the 
dorsal  roof  of  the  section,  this  tegmental  area,  which  is  much  broken  up  by 
certain  strands  uf  longitudinal  fibres,  of  which  we  shall  sjieak  later  on,  contains 
Scattere<l  nerve-cells,  and  is  largely  ctmiposed  of  reticular  formation.     In  this 
ia  place*!  on  each  side  a  group  of  nerve-cells,  the /(jriwnr/-«/riw(  Fig.  191,/.  c), 
to  which  we  have  already  referred  ($  f»l!2)  as  prohablv  serving  in  part  as 
the  origin  of  the  descending  root  of  the  fifth  nerve  (V.  t/-),  just  ventral  to 
which  it  lies.     This  acquires  larger  dimensions  further  back,  in  the  front 
part  of  the  foi^rth  ventricle  (Fig.  193,  i.e.)  between  the  levels  represented  in 
Fige.  190  and  191,  and  is  a  roIJection  of  large  8pindle-8hai)ed  nerve-cells;  it 
hsjs  a  bluish  tint  when  its  black  pigment  is  seen  shining  through  the  sur- 
rounding more  or  leas  transparent  material,  hence  the  name. 

lo  the  hinder  parta  of  the  pons  (Figs.  189.  190),  where  the  cerebellum  is 
•een  overhanging  the  open  fourth  ventricle,  the  reticular  formation  of  the 
tegnaeutal  area  is  still  more  conspicuous.  The  only  special  collection  of 
grar  matter  in  this  region  to  which  we  need  call  attention  is  one  which,  cod- 
sisUng.  like  the  olivary  body  of  the  bulb  (or  inferior  olive),  of  a  wall  of  gray 
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matter  Eurrounding  and  surrounded  by  white  matter,  is  called  the  tipper  oHve 

(Figs.  181*,  190,^.  0.). 

The  ventral  part  of  the  pons,  or  the  pons  proper,  unlike  the  pes  of  the  crue, 
coutaini*,  mixed  with  the  fibres,  a  very  cuiiHiderable  quantity  uf  gray  matter. 
This  is  fairly  ahuriflant  in  the  front  part  of  the  pons  (Fig,  VJl )  below  the 
corpora  quadrigemina,  but  increases  even  more  behind  this  (Figs.  180,  190). 
Hence,  though  the  pons  proper  is  largely  built  up  of  transverse  and  h)ngitu- 
dinal  fibres,  and  though  it  contains  no  compact  aggregations  of  gray  nmiter 
receiving  .ajieoial  names,  it  does  contaiii  scattered  throughout  it  a  very  large 
quantity  of  gray  matter,  far  more,  indeed,  than  is  present  in  the  tegmental 
portion ;  the  gray  matter  of  the  pons — that  is,  of  the  pons  proper — must  be 
regarded  as  forming  a  very  important  part  of  the  gray  matter  of  the  crural 
system,  and  of  no  little  physiological  significance. 

Behind  the  pons  the  crural  system  is  C4mtiuued  into  the  bulb,  with  whose 
structure  we  have  already  dealt. 

4.  Other  Q>llectimi»  of  Gray  Maiier. 

§  631.  Of  these,  three  deserve  chief  attention,  and  may  be  classed  together, 
though  they  differ  in  nature. 

Tiie  gray  matfer  of  the  corpora  quadriyemina.  On  each  side  of  and  some- 
what dorsal  to  the  central  gray  matter  of  the  aqueduct  which,  as  we  have 
seen,  is  well  developed,  especially  on  the  ventral  side,  collections  of  gray 
matter  form  the  chief  part  of  the  corpora  quadrigemiua,  both  anterior  and 
j>oj>terior. 

The  gray  matter  of  the  anterior  corjjora  quadrigemina  (Fig.  H*2,  A.  Q.  n.) 
is  more  distinctly  marked  i>tl  from,  and  separate*!  by,  a  wider  tract  of  white 
matter  from  the  central  gray  matter  of  the  aqueduct  than  is  chat  of  the  pos- 
terior corpora  quadrigemina  (Fig.  192,  nPQ) ;  it  is,  moreover,  of  a  different 
nature.  Indeed  the  two  pairs  of  Iwdies  have  quite  different  relatione,  are  of 
different  nature,  and  perform  different  functions. 

Corpora  geniculata.  The  two  optic  nerves,  as  we  shall  see  in  detail  later 
on,  give  rise,  through  the  optic  decussation,  to  the  two  optic  tracts.  Each 
optic  tract  (Figs.  180,  192,  O/i)  winds  round  the  orus  cerebri  on  its  ventral 
surface  to  reach  the  substance  of  the  henusphere  iu  the  region  l>eIow  the 
optic  thalamus,  and  as  it  does  so  is  desc'rit>ed  ns  dividing  into  a  lateral  and 
median  portion.  The  lateral  portion  just  aa  it  aweejH  round  the  far  edge, 
that  is  tne  outer  or  lateral  edge,  of  the  crus  bears  a  rounded  swelling  (Figa. 
18f>,  B  and  C,  <\y(.)y  the  laientl  or  vwter  eoiyuji  ifeniculatvyn^  the  interior  of 
which  consists  largely  of  gray  matter  (Fig.  192,  Cyf).  The  median  [virtion 
similarly  bears  another  like  swelling  occupying  a  more  median  p^isition,  the 
median  or  inner  corpus  geniculatttm  (Fig.  ISfi,  A  and  B,  Cgm),  the  interior 
of  which  (Fig.  192,  Cgm)  also  consists  of  gray  matter.  It  is  to  be  regretted 
that  these  two  bodies  should  bear  the  same  name,  fur  they  are  different  in 
their  origin,  in  their  connections,  and  in  their  functions.  The  lateral  hf^dy 
is  said  to  be  derived  from  the  fore-brain,  that  is  from  the  vesicle  of  the  tliird 
ventricle,  has  definite  connections  with  the  retinal  optic  fibrcH,  and  is  dis- 
tinctly concerned  in  vision  ;  the  median  body  is  derived  from  the  tuid-braiu, 
is  not  definitely  connected  with  the  retinal  fibres,  and  appears  to  be  in  no 
way  concerned  in  vision.  We  shall,  however,  return  later  on  to  the  connec* 
tions  and  ])robnble  functions  of  the^<e  bmlies. 

CorjmA  deidaium  of  the  ci'vebfllum.  In  the  midst  of  the  muss  of  while 
matter  which  is  forme<i  in  the  interior  of  the  crebelltim  by  the  couHuent'e 
of  the  three  piiluudes,  is  found  (Fig.  ]><9,  C  D)  an  area  of  gray  ninlt^r 
arranged,  like  the  olivary  body  of  the  bulb,  as  a  sharply  ftddeo  or  plaited 
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OuTLixE  or  Bosoofrrju.  Sbctiox  or  Brjum.  to  show  thb  Iktsrhal  Catsolk.    Kataml  ilxa. 

Tke  H«tion  tx  taken  at  *  level  more  Tentral  than  ihnwro  Id  Flff.  IM.  The  ^ray  matteror  the  cortex 
■oil  clAiulruni  Is  left  unahAded,  bat  that  of  the  onrpu*  «trLatuin  aod  optic  tbalnmus  It  sbflded  :  OT, 
optic  thalamuM,  showitiR  ihe  medUin,  Uientl,  iuhI  aiituriur  nuclei ;  SL,  aucleui  leiitlcularii,  shoi?* 
ku(  the  [Miiamen  larv^',  And  the  Inner  df  vUion  of  the  ghtbiu  paUldos  Tery  null ;  NC,  nuclotu  caa- 
luiu.  the  lurte  bead  In  fKint  of,  and  tbv  dlmlntHhlng  tall  behind,  the  Uwlamoi :  0.  the  knee  of  the 
lal«ni»I  cmpaole.  Fn^m  "i^"  to  "  Dig,"  marks  the  position  of  the  prnmldal  tract  as  a  wbide.and 
tiia  sereral  lotten  Indicate  broadly  the  relative  positloiu  of  the  wrenil  constituents  of  the  tmct, 
iiBxaed  aoenrdlDg  to  the  movements  with  which  they  uro  concerned  ;  thus  Jfyi*.  movemontaof  the 
ffw ;  lid.  uf  the  head  ;  J)f,  of  the  ton^e ;  mM,  uf  the  mouth  ;  Shi,  of  the  sbonldcr ;  Eib.  of  the  elbow ; 
iM«i.  uf  the  hand ;  Attd,  u{  the  abdumeii ;  IHp,  of  tbe  hip :  Kn.  of  iho  kneo :  Dig,  of  the  fout ;  S.  the 
Ma|iQro-ocrl|iltal  tract:  oc,  tibrcs  to  the  occipital  lobe;  Op,  optic  nidlntiun.  At  thlr  level  the  Hbai 
of  tlie  nronlat  tnict,  tu  tbe  fnre-IImb  of  thi*  (-tttmule  In  front  nf  the  pyrntnidal  tmc't,  nin  almost  hor1> 
loalaUy,  parallel  with  the  plane  of  the  j<ectlnn.  rf.  yig.  'JOI,  /Von.  re.  the  mslruni  of  tbe  rort*iia 
alUMiim  .*^t>/,  lb*;  4plcniam  of  the  same,  both  cot  across  hortiMPntally,  Tbe  thick  dark  line  Indlealw 
[  -if  the  cavities  of  the  anterior  and  desccudlng  bonis  of  tbe  lateral  veutml  and  of  tbe 

I  .     :  \>-.  the  twu  vealrleles  being  laid  o[«n  InUi  one  by  the  rejuovAl  of  tbe  velum  and  cbo- 

n>i<i  i<:<'ji.t4>t.  eu'.  The  oval  outline  In  the  fore-part  of  thUcAVlty  Indicates  the  fornix.  LAtenil  t<>  th« 
i^'ii'^iii  Icntlcularlf  Is  teeu  In  outtlnv  tbe  einustrum,  tbe  cortex  of  (he  Island  uf  Reil  ain]  the  ojier- 
niJiiui  i>r  eofivoltulon  overlapping  tlie  liUnd  of  Rell.  PiM  tftt«rted  toshow  which  Is  the  htod-p«rt 
of  the  vcUoci. 
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band  in  the  shaj^e  of  a  flask  or  1)owI.     As  in  the  siiuiUr  olivai 
gray  matter  of  the  HaHk  m  covered  up  by  and  its  interior  iUM  u\' 
matter ;  the  mouth  of  the  flask  is  on  each  side,  directed  tuwarrl  th« 
line ;  the  flbres  pass  chiefly  to  the  superior  ]>eduucle. 

There  are  also  other  t^>llectionfl  of  gray  matter  in  the  central  irkila 
of  the  cerel^ellum.  one  of  which,  called  the  "  nucleus  of  the  roof,"  m 
with  the  two  inferior  peduncles. 


THE   ARRAMCKMENT   OP  THE    I'lBRES   OF  THE    DKAIK. 

§  632.  The  syatems.  tracts,  and  bundles  of  fibres  in  which  the  white 
of  the  brain  is  arranged,  may  be  distinguiehcd  from  each  other,  partly  tbnmgk 
mere  mechanical  i^paration  by  means  of  the  Bcalpel^  partly  by  bcittf 
out  with  the  help  ot  the  microecope,  but,  as  in  tiie  ^inal  cord,  mndi 
fully  and  completely  by  differences  of  development,  and  by  the 
degeneration. 

Fm.  joo. 


Ovnat  or  *  HAornrAt  8iccr«>M  raKoodM  rnv  Hucprmiki— Wi*r. 

Ttat  leetton  U  uken  noc  tkr  u>  th?  rlctit  fir  Uiv  m«<liaii  plAiie  ttio 
Th«f*«7  nmttcr  of  the  corv'ia  ctrfntum  uid  thulamui  U  ■liA'If^l 

Internal  c*t«TtIc  wfiti*  iitrejikc«t  aiiprninmiY  rcri?«linc  n|»]>r<  •.tinn  Vk>\ 

hutiilln  l«J«au|[  Ultii  It  fruin  Xbm  porUuO  of  COh^lU  r«dl*tJI  u« n  ii.     in  iiMw  MU«f 

bnMrlly  rliiillnriiliilml  a  fniDtalajrtfcm,  Aon. «  pxramldAlafllaM,  ^rOMMItWtte  lal»< 

tfmrhlftl    ititiii'fi       I  li  ifi-A- III  MtliMr  iitjtr*    turn   i    ii[>i1    1 1 1  ni  ^l■'l'«tl^rR !   i/MfM    Miy  t   ninB.  flOd   % 


UM  MVplU  (9illu*Uta  .  t.  V.  t'.  the  laUinni  VcdUiirle  cul  «CfuM  in  UlTtO 

to  troiMOtiluti ,  Ori,  tlie  npUi.^  tract  In  cnn»-aecUufi.     l%r%  iiflh*  e«f«btllom  U 


lUJIkfiaM  ^IMW ;  #:  itel 


la 


W«  have  seen  that  a  marker]  feature  of  the  brain  is  prtsaittAl  br  %3bm  !«•• 
orars  cerebri  which,  running  forward  from  the  hio<l-part«  of  tbc  bnia. 
apraad  out  into  each  cerebral  hemisphere.  We  have  al»o  Mirn  that  tha  eras 
ID  ibe  wide  sen«e  of  the  word  consist*  i»f  two  parts,  a  doraal  paK.  Um  tav* 
mentum.  and  a  ventral  part,  the  [hw  ur  crusta. and  that  Lh««e twoparta diAr 
very  strikingly  frt)m  eiich  other  in  structure  and  in  relations.  Tm  pa  o*- 
sista  exchmively  of  bundles  of  longitudinal  fibroi,  and  w«  maj  tms  tb^ 
from  the  i^erebral  hemi«piiere«  into  the  pons  and  lotDe  of  ibt'tti  >>^Yn«M|  tbv 
|M>ns  into  tJie  bulb  and  spinnl  cord.     The  tcffmeatum  is  rt  .ios  i* 

structure;  it  consists  oi  gray  matter,  and  uf  fibre*  mad  bu«.<-u.    .i    §kmm 
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having  various  pelationn.  both  with  the  collections  of  gray  matter  Iviug  within 
ititelf  and  with  surrounding  strwcturea.  It  too  has  connections  with  the  partB 
lying  in  fruut  of  it,  and  with  the  jmrt3  lying  behind  it ;  we  may  trace  it  too 
backward  through  the  pons  into  the  bulb  iind  forward  to  the  optic  thalamus. 
If  we  allow  ourselves  to  conceive  of  the  optic  thalamus  as  constituting  the 
front  ending  of  the  tegraoutura,  we  niity  arrange  a  large  part  of  the  brain 
into  two  main  regions — into  a  tegmental  region  stretching  from  the  optic 
thalamus  through  the  dorsal  portion  uf  the  pons  to  tbc  dorsal  portion  of  the 
bulb,  and  into  a  region,  which  we  may  call  the  pedal  region,  stretching  from 
the  internal  capsule  through  the  ventral  portion  of  the  pons  to  the  ventral 
portion  of  the  bulb. 

The  fibres  of  the  brain,  as  a  whole,  may  be  broadly  classified  into  longi- 
tudinal tracts  connecting  parts  of  the  brain  with  succei^ding  pnrtg  and  into 
transverse  or  commissural  tracts  between  one  lateral  half  and  tlie  other,  and 
into  tracts  connected  with  the  several  cranial  nerves.  Taking  the  longitu- 
dinal fibres  first  we  may  In  accordance  with  the  division  just  explaincil  into 
a  petal  and  a  tegmental  region,  consider  these  as  forming  on  the  one  hand 
a  pedal,  and  on  the  other  hand  a  tegmental  system. 

Both  systems  l>€gin,  as  we  shall  see,  in  the  cortex  of  the  cerebral  hemi- 
spheres. We  shall  have  to  deal  with  the  topography  of  the  cortex  later  on, 
but  may  here  say  that  the  first  broad  division  of  the  whole  surface  of  a 
hemisphere  is  into  four  main  regions  :  frontal,  parietal, occipital,  and  temporal 
(Figs.  194,  195,  199). 
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5  633.    The  pyramidal  traet     We  have  already  (§576)  said  that  the 
pyramidal  tract  of  the  spinal  cord  may  be  traced  to  a  particular  region  of 
the  cerebral  cortex.     We  shall  study  the  details  of  this  region,  which  is 
often  spoken  of  a.s  the  "  motor  area  "  later  on,  but  may  here  say  that  broadly 
speaking  it  is  parietal  in  pt>sitton  and  corresponds  to  the  part«  of  the  cortex 
gathered  round  the  figure  of  Kolando.     Fibres  pacing  from  the  gray  matter 
of  the  cortex  of  this  region  to  the  white  matter  below,  and  so  contributing 
their  share  to  the  central  white  matter  of  the  hemisphere,  converge  (Figs, 
200,  *201)  to  form  part  of  the  internal  capsule,  namely,  that  part  which  in  a 
horizontal  section  (Fig.  199,  Eife  to  Dig)  occupies  the  knee  and  stretches  for 
more  than  half,  or  nearly  two-thirds,  along  the  hindlimh  of  the  capeule, 
I>etween  the  optic  thalamus  on  the  inside  and  the  nucleus  lenticularis  on  the 
outside.     From  the  knee  and  hind  limb  of  the  capsule  they  pass  by  the  side 
of  and  ventral  to  the  optic  thalannis  (Fig,  194,  201),  ana  so  contribute  to 
form  the  beginning  of  the  crus  cerebri.     In  thus  converging  to  take  up  their 
poflition  in  the  capsule  and   in  their  further  passage  to  the  crns  the  fibres 
follow  a  course  of  somewhat  complicated  curvature.     As  we  trace  the  cap- 
sule from  more  dorsal  to  more  ventral  levels,  we  find  it  continually  changing 
ID  form  ;  the  exact  shaj^  of  the  capsule  shown  in  Fig.  199  only  holds  g(M>d 
for  the  level  at  which  the  section  was  taken ;  it  ditfers  somewhat  from  that 
shown  in  Fig.  193  taken  at  a  slightly  different  level,  and  sections  still  more 
doraal  or  stui  more  ventral  would  present  still  greater  difference*.     When 
we  examine  a  series  of   horizontal   sections,  taken  in  succession  from  the 
dorsal  to  the  ventral  regions,  we  find  that  the  knee  shifls  its  position  and 
changes  in  the  width  of  its  angle,  that  the  two  limbs  vary  in  direction,  in 
lizc,  and  in  shape,  and  that  at  last  the  bent,  flattened  capsule  passes  into  the 
muni  or  Ices  rounded  crus  by  the  rapid  disapj^earance  or  the  fore-limb,  and 
the  cottsequent  extinction  of  the  angle;  so  that  in  one  sense  it  is  the  hind- 
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limb  which  becomes  the  crus,  and  the  fibres  of  the  fore-limb  may  U*  suid  m 
paee  into  the  criig  through  the  ventral  portion  of  the  hind-limb'     Hence  it 
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OimJME  or  A.  T]UNS\'EIWK  DOBJKf'VTJftTtJkl.  SZCHOM  OW  TVS  RlOUT  BaLT  Of  TBI  BBADT. 

(NatnnI  bIm.)  (SiiErniMoTOK.) 
Tbe'sectlon  whlcb  is  taken  at  the  level  ol  the  knee  of  the  cajwule,  and  ti  (hprernrv  IntemMdlAGe 
betu-i'eu  tlioseftbuwu  i»  Figs.  194  Btnl  lO&.ls  introduced  tollluftrate  tbccounc  of  the  coDftituentsof 
the  pymmlilal  tract.  0  7\  optic  thalamus;  Se,  nuelcua  caudatuf^-the  head  only  npiivan  Id  this 
MCtioD  :  Pt,  pniamen  ;  Op",  Op',  the  two  parte  of  Uie  globus  patlldua  of  llie  nurlcun  Icoclcataria :  O 
the  ctaustrum ;  C  K,  the  extvmal  capnile  ;  In.  the  taland  of  Rell;  ca,  thv  anterior  comndnim 
ihadcd  to  render  it  dl»tlnt-t  and  the  (IbrtM  rtom  the  tern pom^pheiK kid al  lobe  which  pan  luCu  It  being 
Indicated  by  brukcn  llneu  ;  Op.  the  opilc  tract ;  /  r  d,  thif  vtid  of  the  descending  bora  of  tbe  lateral 
ventricle;  F,  the  fornix;  P,  the  end  of  tbe  auicrior  pillar  of  the  fomlx  in  the  baseof  the  th*UUDua: 
e c,  corpus collosutn  ;  0 P,  anterior  part  of  the  occipital  lobe,  /cin  tlie  central  f1^»ur«  or flwmof 
Rolando.  The  course  of  the  flbrcaof  the  i>yramidBl  tract  conneoteil  rwtpecilTcly  with  Uie  tnmlc.  Itt, 
•od  arm  and  hence  with  ffitinul  nerve*,  and  of  thr>»e  connected  with  the  face  and  hence  with  QtaAlal 
nenrca,  la  shown  by  broken  lines.  Tbcaeareall  seunconrerginy  into  ihelnt«maU-n(wiile,  CI.  TblM 
figure  should  in  ree{>cct  to  the  courw  of  these  tibrcs  be  compared  with  tbe  bortsoiiial  section  «howB 
In  Fig.  199,  and  the  Migltlal  fl^u re  shown  In  FIg.2(iO.  ^SindlentCMthc  coun>e  ofthemoet  antcriftranit 
donal  part  of  the  lemiKiru-oci-ipliAl  trant.  The  line  dotted  Unea  converging  to  the  corpua  oallonim, 
ee.  Indicate  tbe  cotirse  of  the  callnwl  tlbret. 

is  obvious  that  tin-  iihrca  of  the  pyramidal  tract,  like  the  other  fibrw  of  the 
capsule,  are  contiuually  changing  their  direction  as  tltey  paaa  through  the 
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cajjsule.  Moreover,  while  the  fihres  from  different  parts  of  the  "motor  area" 
Wnntne  definite  ]>08ition9  in  relation  to  each  other  as  they  pass  into  the 
eapeule,  their  relative  positions  are  not  coustaut,  but  vary  somewhat.  To 
this  point,  however,  we  shall  return  when  we  come  to  speak  of  the  function 
of  this  tract. 

In  the  crus  these  fibres  run  exclusively  in  the  pes  and  form  a  compact 
strand  (Fig.  10*2,  /^/),  occupying  the  central  and  larger  portion  of  the  pes 
between  a  small  median  portion  on  the  inside  and  a  lateral  portion  on  the 
outside.  Maintaining  this  position  along  the  crus  rhey  enter  the  pons,  hut 
here  the  previously  compact  strand  is  split  up,  by  the  interlacing  transverse 
fibres  of  the  pons,  into  a  number  of  scattered  l>undles,  which,  however,  its  a 
whole,  still  keep  their  central  position.  They  form  the  greater  pari  of,  but 
not  all,  the  bundles  seen  cut  transversely  in  transverse  sectious  of  the  pons 
(Figs.  190,  191).  Further  backward  they  become  the  pyramid  of  the  bulb, 
and  so  give  rise  in  the  spinal  cord  to  the  direct  and  crossed  pyramidal  tracts. 
These  fibres  from  the  motor  area  of  the  cortex  of  the  cerebrum  are  thus  the 
source  of  the  pyramidal  tracts  of  the  spinal  cord,  and  hence  the  whole 
strand  of  fibres  from  the  c*>rtex  <lownward  has  been  called  the  pyramidal 
ti*act.  We  have  said  (§  576)  that  we  have  reasons  for  thinking  that  the 
pyramidal  tract  id  the  spinal  cord  makes  connections  thrnugh  the  pray 
matter  of  the  anterior  horn  with  the  anterior  roote  of  all  the  spinal  nerves 
ID  succession:  and  similarly  we  have  reason  to  think  that  along  its  course  in 
the  crus.  in  the  jwns,  and'in  the  bulb,  before  it  reaches  the  cord,  the  tract 
also  makes  c<tnneotions  with  the  nuclei  of  those  cranial  nerves  which  are 
motor  in  function.  During  the  passiige  of  the  tract  through  the  internal 
capsule  the  fibres  dei^tined  tor  cranial  midei  occupy  the  knee,  while  those 
belonging  t(»  the  spinal  cord  run  in  the  hind-limb.  Some  authors  limit  the 
term  pyramidal  tract  to  the  spinal  moiety,  since  this  alone  forma  the  pyra- 
mid ;  nut  this  is  undesirable. 

This  tract  is  well  marked  out  by  the  degeneration  method,  and  the  degen- 
eration in  it  is  a  descending  one,  the  trophic  centres  of  the  fibres  being  cells 
in  the  gray  matter  of  the  cortex.  Removal  of  or  injury  to  the  cortex  of 
the  whole  motor  area  gives  rise  to  a  degeneration  along  the  whole  tract,  and 
removal  of  or  injury  to  part  of  the  area  gives  rise  to  degeneration  of  some 
of  the  strands.  The  tract  is  also  well  marked  out  by  the  embryological 
mctho<I ;  the  fibres  bebmging  to  it  acquire  their  medulla  at  times  different 
from  those  of  other  fibres. 

Anterior  or  frontal  cortical.  Fibres  from  the  gray  matter  of  the  cortex 
in  front  of  the  motor  area  also  pass  to  the  internal  capsule^  hut  occupy  the 
fore-limb  <Fig.  200, /ro?*  j.  Thence  they  pass  to  the  crus,  of  which  they 
form  the  small  inner,  median  (lortion  of  the  ]^ea  (Fig.  192,  Fr.),  and  from 
the  crus  pass  into  the  pons  ;  in  transverse  sections  of  the  pons  they  are  seen 
80  scattered  bundles  (Fig.  191,  /•',  C'.)  to  the  nie<liiu)  side  of  the  pyramidal 
fibres.  But  here  they  seem  to  end;  the  defeneration  of  the  tract  is  a  de- 
scending one,  and  ceases  here.  Most  probably  the  fibres  end  in  the  nerve- 
oells  of  the  gray  matter,  which,  as  we  have  seen,  is  abundant  in  the  pons. 
It  is  also  probable  that  through  these  nerve-cells  the  fibres  of  this  tract  are 
connected  with  transverse  fibres  passing  along  the  middle  cerebellar  peduncle 
into  the  cerebellum  of  the  opposite  side;  but  this  has  not  been  definitely 
proves!. 

PoM4^i4^r  or  t^mporo-oeelpiial  eortieal.  Fibres  from  the  gray  matter  of 
p»irts  of  the  cortex  behind  the  motor  area  H}m  converge  to  the  internal  cap- 
sule, fnrming  the  hinder  end  of  the  hind-limb  liehind  the  pyramidal  tract 
(Fig.  19i'.  S).  The.se  fibres  also  contribute  to  form  the  crus  cerebri,  passing 
[to  the  pes,  of  which  they  occupy  the  outer  lateml  portion  (Fig.  192,  Pr.  O.). 
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From  the  cms  they  pass  into  the  pons,  where,  like  the  fibres  of  the  pre< 
tract,  they  ap|>ear  io  end,  and   pmbably  in  a  like  manner.     This  tract 
been  dcscrilMxl  &s  one  of  ascending  degeneration,  but  in  all  probability  lilce 
the  preceding  is  one  of  descending  degeneration. 

The  above  three  tracts  of  fibres  may,  therefore,  all  l>e  regarded  as  starting 
from  or  having  their  tri>phic  centres  in  the  cortical  gray  matter  of  the  hemi- 
spheres, as  aU  helping  to  form,  first,  the  internal  capsule  and  then  the  pes  of 
the  cms  cerebri.  But  while  the  pyniniiilul  tract  passes,  in  part,  to  the  spinal 
cord,  the  nther  two  cease  at  the  pi^ns.  and  probably  through  the  gray  matter 
of  the  lions  make  connections  with  the  cerebellum.  Further,  while  the 
pyraminai  tract  coming  from  the  middle  region  of  the  cortex  occupies  a 
middle  position  in  the  capsule  and  a  middle  position  in  the  crus,  the  system 
from  the  front  part  of  the  cortex  occupies  a  front  position  in  the  capaule 
and  an  inner  or  median  position  in  the  cms,  and  the  system  from  the  hind 
part  of  the  curtex,  a  hind  position  in  the  capsule  and  an  outer  or  lateral 
pasition  in  the  crus.  As  the  three  fiystems  pass  from  the  cortex  through  t)ie 
capsule  to  form  the  pes  of  the  crus,  their  positions  in  relation  to  each  other 
are  ahilted  from  one  i>taue  into  Hn(^ther.  As  the  fibres  s])reati  out  from  the 
pes  through  the  cajjsule  to  all  parts  of  the  cortex,  or,  put  in  another  way,  as 
they  converge  from  the  cortex  through  the  capsule  to  the  pes,  they  form  a 
fan,  the  corona  radiata,  which  is  not  only  curved,  but  the  couatitueut  parts 
of  wliich  cross  each  other. 

Besides  these  three  systems  all  passing  from  various  regions  of  the  oorlfix 
to  the  crue,  there  is  yet  a  fourth  strand  contributed  to  the  pes  by  the  cere- 
bral hemisphere,  though  not  starting  in  the  cortex.  From  me  nuciru4 
caudaiwi  fibres  pass  down  tt)  the  cms,  and  t-ake  up  a  ]>osition  in  the  pes 
dorsals  to  the  tract  just  mentioned,  occupying  a  lens-shaped  area  immediately 
ventral  to  the  substantia  nigni,  and  prohably  passin?  into  the  substantia 
nigra  itself.  These  cannot  be  traced  further  down  tnan  the  pons,  where 
they  appear  to  end,  thuai^h  poBsibly  some  terminate  higher  up  in  the  sub- 
stantia nigra.  This  tract  has  a  descending  degeneration,  and  may  be  re- 
garded aa  a  tract  analogous  to  the  front  and  hind  cortical  tracts,  tliough  it 
begins  not  in  the  cortex  but  in  the  nucleus  candatus;  it  is  not,  however, 
a  very  pure  tract,  many  tibres  of  the  pyramidal  tract  passing  into  it  in 
the  pes. 

Tne^  are  the  main  tracts  of  the  pedal  system.  For.  though  the  nucleus 
leuticularis  gives  off  fibrea  to  the  internal  capsule,  our  knowledge  of  the 
further  course  of  these  is  at  ])re8ent  imperfect,  and  though  there  seem  to  be 
longitudinal  fibres  connecting  the  bulb,  the  pons,  and  the  pee  at  various 
levels,  these  arc  not  numerous,  and  at  all  events  do  not  form  conapicuoua 
strands. 
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§  634.  Oortical  fibres.  Although  the  fibres  of  the  pedal  system  form,  m 
we  have  seen,  the  greater  part  of»  they  do  nat  form  the  whole  of.  the  internal 
capsule.  Fibres  coming  from  all  or  nearly  all  parte  of  the  cortex  though 
they  help  to  form  the  internal  capsule,  do  not  go  on  to  form  the  pes,  hut 
pass  to  the  optic  thalamus  (Fig.  194.  /.  /.)  and  appear  lo  end  in  the  gray 
matter  of  that  body.  In  their  passage  through  the  capoule  the  fibres  of  this 
nature  from  the  frontal  and  parietal  regions  of  the  cortex,  occupy  the  ex- 
treme front  end  of  the  front  limb  in  from  of  the  frontal  strand  of  the  fibres 
of  the  pedal  system  (Fig.  11*9.  TV*.).  The  fibres  from  the  occipital  and  tem- 
poral regions — those  from  the  occipital  regions  being  the  most  numerous, 
and  indeed  being  very  conspicuous — occupy  the  extreme  hind  end  of  tha 
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hiud-liiub  of  tho  capeule^  behiml  tbe  temf>i>ro  occipital  division  of  the  petlal 
^y^leru  (Fig.  199.  Up.).  Since,  as  we  shall  see,  we  have  reason  to  associate 
the  occipital  region  of  the  cortex  with  vidon,  the  fibres  thus  radiating  to  (or 
from)  the  thalamus  through  the  extrcnie  hind-limb  of  the  capsule  from  (or 
to)  the  occipital  cortex  have  been  called  the  o^Alc  radiation. 

Alt  the  auove  tracts  of  fibres,  though  joining  the  thalamus  and  not  passing 
on  to  the  pes,  lake  part  in  the  fornmtion  of  the  internal  caj)3uJe.  Bntn  con- 
siderable number  of  fibres  coming  from  the  temporo-occipitul  region  and 
cspeciaUy  from  the  temporal  region  pass  to  the  thalamns  without  joining  the 
capsule;  they  pass  ventral  to  and  behind  the  pes  as  this  plunges  into  the 
hemisphere  to  become  the  cajtsule,  and  so  reach  the  thalamus. 

We  may  here  perhaps  diverge  for  a  moment  to  point  out  the  contrast 
between  the  optic  thalnuins  and  the  corpus  striatum,  or  at  least  the  nucleus 
rfludatus.  The  former  does  not  mntribute  to  the  pedal  system,  the  latter 
supplies  a  marked  contribution.  The  former  receives  fibres  from  all  parts  of 
the  cortex  ;  there  are  no  such  spt^i'tal  cuutributions  from  the  cortex  to  the 
lfttt«r.  And  this  difference  accords  with  the  experience  that  when  [>arta  of 
the  cortex  are  removed,  or  are  congenitally  absent,  no  degeneration  or  want 
of  development  is  observed  in  the  corpus  striatum,  while  degeneration  or 
want  of  development  is  observed  in  the  optio  thalamus  as  well  as  in  parts  of 
the  pedal  and  tegmeutid  systems.  Hence,  while  we  may  regard  the  optic 
thalamus  as  an  intermediate  mass  of  gray  matter  receiving  fibres  from  the 
cortex,  and  connecting  the  cortex  with  lower  parts  of  tbe  tegmental  region, 
the  corpus  striatum  appftars  rather  to  be  analogous  to  the  cortex  Itself,  to 
be  a  special  modirication  of  the  cortex,  sending  fibres  down  into  the  pedal 
system,  but  itself  receiving  no  special  trai-ts  of  fibres  from  the  cortex.  Indeed 
Tve  may  probably  regard  the  corpus  striatum  as  the  oldest  part  of  the  8ni>er- 
iicial  gray  matter  of  the  hemisphere,  the  more  onlinary  cortex  being  a  later 
-<levelopmeni. 

The  tegmentum  proi>er,  lying  ventral  to  the  hind  end  of,  and  behind  the 

thalamus,  in  which  regitm,  as  we  have  seen,  the  c<mspicuoue  red  nucleus  is 

situated,  is  thus,  by  reason  of  its  connection  with  the  thalamus,  indirectly 

«*ounected  with  the  cortex.     But  besides  this,  it  has  direct  connections  of  its 

•*»wn  with  the  cortex.     8ome  of  the  fibres  of  tho  optic  radiation,  as  well  as 

fibres  from  the  tem|K»ral  and   occij»itaI   regions  described  above  as  sweeping 

round  the  base  of  the  internal  capsule,  are  said  to  pass  not  to  the  thalamus, 

"but  to  the  tegmentum.     Other  finres  from  the  frontal  and  parietal  regions 

traversing  the  lenticular  nucleus  in  the  sheets  of  white  matter  splitting  the 

viucleus  into  parts  are  also  said  to  reach  the  tegmentum  either  by  piercing 

'•brough  or  by  sweeping  round  the  internal  capsule.     On  their  path  these 

^bres  are,  according  to  some  observers,  joined  by  fibres  coming  from  the  len* 

Vicvilar  nucleus  itself,  and  possibly  from  the  caudate  nucleus,  which  fibres,  on 

'^he  view  that  these  nuclei  are  modified  cortex,  may  also  be  considered  as 

^^ortical.     Thus  the  fore-part  of  the  tegmental  region  is  brought  into  ample 

•^'uunection  with  the  cereoral  hemisphere  partly  by  fibres  joining  the  thala- 

lus,  partly  by  fibres  passing  directly  t^)  the  tegmentum  pn>|>er. 

The  mode  of  degeneration  qi  these  cortical  fibres  of  the  tegmental  system 

at  present  a  matter  of  dispute.     Nor  is  the  genenil  nature  of  the  fibres 

tclusively  determined,  though  it  is  generally  supposed    that  they  carry 

impulses  from  the  thalamus  and  parts  of  the  tegmentum  to  the  cortex. 

$  635.  In  the  tegmentum  from  the  subthalamic  region  to  the  bulb  the 
reticular  formation  is.  as  we  have  seen,  more  or  les.^  abundant ;  this,  and  the 
occurrence  of  various  bundles  of  fibres,  gives  the  region  great  complexity  ; 
mid  we  must  confine  ourselves  here  to  touching  on  one  or  two  important 
loDgitudiual  strands  which  traverse  it. 
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The  superior  pedunde  of  the  cerebeUum  is  one  of  the  most  importani  of 
these.  This  on  each  side  of  n  bundle  of  fibres  which,  takiug  origin  chieHy 
from  the  gray  matter  of  the  nucleus  dentatus,  and  the  smaller  nei^liboriug 
collection  of  gray  matter,  but  also  in  part  from  the  suporficial  gray  matter, 
leaves  the  cerebellum  in  front  of,  and  to  the  median  side  of  the  restiform 
body  and  passes  forwnrd  towanl  the  corpora  <juadrigemina  to  converge  with 
its  fellow.  At  first  the  two  peduncles  are  superficial  and  dorsal  in  position 
(Figs.  189,  190,  S.  P.)  and  llie  space  between  them  is  bridged  over  by  the 
valve  of  Vieusscns  (Fig-  190,  Via):  but,  still  converging,  they  aoou  sink 
ventrally  beneath  the  posterior  corpora  <juadrigemina  and  at  the  level  of  the 
junction  between  the  anterior  and  posterior  corpora  t|uadrigeniina  meet  and 
decussate  ventral  to  those  bodies  in  the  ventral  region  of  the  tegmentum  (Fig. 
191,  5.  P.).  Beyond  the  decussation  they  are  continued  forward  in  the  teg- 
mentum ventral  to  the  anterior  corpora  quadrigeniina  as  two  straods,  one 
on  each  side,  which  appear  to  end  in  the  red  nuclei. 

In  this  way  the  peduncles  connect  certain  parts  of  the  gray  matter  of  the 
cerebellum  with  the  tegmental  regicu,  tuui  more  particularly  with  the  red 
nucleus,  and  thus  indirectly  with  the  structures  with  which  that  region  is 
itself  connected. 

The  fiUet.  This,  as  we  have  seen  ( §  613),  takes  origin  in  the  bulb,  in  the 
inter-olivary  layer  between  the  inierior  olives,  from  fibres  which  are  derived 
through  the  suprn-pyraniiHiil  or  sensory  decussation  from  the  gnicile  and 
cuueate  nuclei.  From  tbi»  origin  it  pusses  forward  on  each  side  as  a  flat 
band  into  the  Irgmcntal  region  of  the  (K>ns,  receiving  accessions  from  the 
superior  olive  and  other  collections  of  gniy  matter,  and  dividing  there  into 
two  strands,  the  median  (Figf*.  190.  191,  Fm)  and  lateral  (Figs.  190.  191,  fY, 
and  Fig.  \S^^  B  F)  fillet.  The  lateral  division  ends  partly  in  the  gray 
matter  of  the  posterior  corpus  quadrigeminum,  and  partly  in  the  while 
matter  underlying  (f'ig.  192,  dm)  the  ant^jrior  corpus  (luadrigerainum  ;  the 
median  division  passing  further  forward  appears  partly  to  end  in  the  gray 
matter  of  the  anterior  corpus  quadrigeminura.  but  partly  to  l>e  continued  on 
to  the  Bubthalaniic  region  of  the  tegmentum  ventral  to  the  thalamus,  thence 
to  the  thalamus,  and  so  to  the  cortex. 

The  hmgiiudinal  posterior  bnndlf'tt.  In  a  transverse  section  through  the 
fore-part  of  the  |>ons  at  the  level  of  the  posterior  C(»rpora  quadrigeniina  a 
rather  conspicuous  bundle  of  lougitudinnl  fibres  (called  the  longitudinal 
posterior  bundle)  is  seen  on  each  side,  cut  transversely,  in  the  dorsal  region 
of  the  tegmentum  just  ventral  to  the  nucleus  of  the  fourth  uerve(Fig.  191./). 
Traced  backward  from  the  aqueduct  beneath  the  fourth  ventricle.it  becomes 
leoB  conspicuous  (Fig.  190,  /)  though  maintaining  its  p<jeition  dorsal  to  the 
reticular  formation,  and  at  the  hind  end  of  the  bulb  appears  to  be  a  continu- 
mtion  forward  of  those  fibres,  "  ground  fibres."  of  the  anterior  column  of  ihe 
cord  which  probably  serve  as  successive  short  longitudinal  coiumissures 
between  the  segments  of  the  cord.  While  the  somewhat  analogous  fillet  runs 
ventral  to  the  reticular  formation,  this  posterior  longitudinal  bundle  runs 
always  dorsal  to  that  structure.  It  may  be  traced  forward  oa  far  as  the 
nucleus  of  the  third  nerve,  as  is  seen  in  transverse  sections  lying  immediately 
ventral  to  that  group  of  cells  (Fig.  192,  /),  but  its  further  connections  forward 
have  not  as  yet  been  determined.  It  is  relatively  more  prominent  in  the 
lower  than  in  the  higher  animals,  and  its  fibres  acquire  their  medulla  rtda- 
tively  early.  It  is  supposed  to  be  connected  with  the  nuclei  of  the  nerves 
governing  the  muscles  of  the  eye,  and  so  to  be  concernetl  iu  the  movements 
of  that  organ. 

TracU  from  thr  corpora  tfuadnf/rtnitw.  From  each  corpus  qundri;;eminuni 
there  passes  obliquely  forward  and  downward  on  each  side  a  band  of  fibres. 
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ooniieoted  with  the  gray  maUer  of  tliE^  corpus  nud  kaown  aa  it£  bracfiinm, 
Tbe  anterior  brachium  (Fig.  192,  J5«t,  as  we  shall  see  iu  denliug  with  the 
opiic  nerve,  joins  ihe  lateral  corpus  geniculatuuj  and  helps  to  form  the  optic 
tract,  h»it  some  of  its  dee|)cr-iying  Hbres  procee<l  to  the  occipital  cortex  lorin- 
ing  part  of  the  tibres  which  we  have  (§  634)  deacribe<l  as  passing  from  the 
occipital  cortex  to  and  past  the  thalamus.  The  posterior  brachium  pasdes 
to  the  median  corpus  geuiculatvini ;  having  received  fibres  from  and  probably 
given  fibres  up  to  that  bixly,  it  Im  cnntiruied  on  to  the  tegnitiitiim.  and  uccurd- 
ing  to  some  authors  tbroiii^h  the  tegmenlum  by  the  hind  part  ot  the  hind- 
limb  of  the  internal  cujjsule  to  the  temporal  region  of  the  cortex,  mingliug 
in  its  course  with  fibres  from  tlie  thalamus. 
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^  636.  The  two  chief  mawes  are  those  on  the  one  hand  belonging  to  the 
■rebrum,  and  those  on  the  other  hand  belonging  to  the  <*erebellum, 
Ifi  ihe  cerebrum  the  njost  imposing  maas  of  irausven*  librea  form  the  corpus 
Ulofum,  Starting  from  the  cortex  in  nearly  all  parts  ni'  the  hemisphere, 
'fthe  fibres  converge  toward  the  thick  body  of  the  corpus  callosum  placed  in 
"^he  middle  line,  and  thence  diverge  to  nearly  all  parts  of  the  cortex  of  the 
Jbemisphere  on  the  other  side,  interlacing  in  their  course  with  the  cortical 
^Bbree  of  the  pedal  and  ifgaiontal  ^ytstems.  It  is  suppe^ed  that  by  means 
'^Df  these  fibres,  each  part  of  the  cortex  of  one  hemisphere  is  brought  into 
^LiMinnection  with  the  corresponding  part  of  the  other  hemisphere. 

Heaides  these  callosal  fibres  from  one  hemisphere  to  another,  the  white 
-■^latter  of  each  hemisphere  contains  fibres  called  **  association  fibres,"  passing 
^>nm  one  convolution  to  another  of  the  same  hemisphere. 

The  small  anUTwr  white  &tmmijtsHrt:  though  it  is  placed  in  the  front  |>ari 

^c»f  the  third  ventricle  {F\^.  I'J^.  A)  and,  in  part  of  its  course,  lies  along  the 

Y-halamus  (Fig.  195,  Ca)  is  really  a  c/)mmissure  of  pariicnlar  parts  of  the 

ibral  hemispheres.     A  portion,  very  small  in  iiiau,  Iwilongs  to  the  olfac- 

iry  tract;  the  rest  lakes  origin  on  cash  side  iu  a  limited  portion  of  the 

■^swrtex  (Fig.   194,  C'u),  which  we  shall  later  on  Bi>eak  of  aa  the  temporo- 

^kpheuoidal  convolution  and  in  which  caMosal   fibres  are  deficient,  whence  it 

•ches  forward  through  the  globus  ]>iillidns,  past  the  thalamus  (Figs.  *J01,  <vi, 

y5,  ( «J )  to  the  front  part  of  the  third  ventricle.     It  may  be  remarked  that 

Ilia  commissure  is  still  found  in  those  lower  animals  which  do  not  pooaess  an 

►  bvious  corpus  callosum. 

The  small  posterior  commissure  may  be  regarded  as  mainly  a  commissure 
between  the  two  thalami,  but  it  also  helps  to  unite  the  tegmentum  of  the  two 
idea  and  some  fibres  are  said  to  pnss  im  each  side  into  tbe  hemisphere.  Tbe 
Xxiiddle  or  soft  commissure  of  the  third  ventricle  (Fig.  lyii.r),  though  it  con- 
%^us  transverse  fibres,  is  in  the  main  a  collection  of  gray  matter,  indeed  a 
V^'Vt  of  the  central  gray  matter. 

The/on*i>,  u»gcther  with,  at  all  events,  part  of  the  septum  Incidum  which 

i«>ins  it  with  the  corpus  cnllosum,  must  also  be  regarded  as  a  commissural 

ei^t^uctun.^     But  its  rulatious  are  peculiar;  fiir  while,  behind,  the  diverging 

fxi^terior  pillars  l>egin  in  the  cerebral  hemispheres,  namely,  iu  the  walls  of 

the  da*cending  horn  of  the  lateral  ventricle  on  each  side,  in  front  the  anterior 

pillars  or  columns,  leaving  the  cerebral  hemispheres,  paas  along  the  lateral 

%alla  of  the  third  ventricle  <  Fig.  10>t,/;,  and  apparently  end  in  the  gray 

mutter  of  the  corpora  albicantia.      Whether  the  band  of  fibres,  known  as 

Vicq  d'Azyr'a  bundle  (Fig.  194.  17*),  which  running  in  tbe  lateral  wail  of 

Uie  third  ventricle  leads  dorsally  from  each  corpus  albicans  up  to  the  anterior 
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nucleus  of  the  thalamus,  is  really  to  he  considered  as  a  coiitinuaiion  of 
fornix  is  disputed  ;  it  may  more  probably  l>e  regarded  as  a  jmrt  of  the  sysiem 
epoken  of  above  as  couuecting  the  cortex  with  the  thalamus. 

In  the  cerehelimn  true  coTTinii;»sural  fibres  are  supplied  by  the  mitldU 
pedxincles;  but  by  no  means  nil  the  fibres  of  these  peduncles  are  nf  this 
nature.  The  fibres  \\?  the  middle  pedimcle,  iu  contrast  to  those  of  the  supe- 
rior peduncle  which  start  chieHy  from  the  nucleus  denlatus,  or  other  internal 
gray  matter,  and  to  those  of  the  inferior  fieduucle  which  start  chiefly  from 
the  superficial  gray  matter  of  the  vermis,  appear  to  start  from  the  superficial 
gray  matter  of  the  whole  surface,  from  that  of  the  median  vermis  as  well  as 
from  that  of  the  lateral  hemispheres;  they  thus  form  the  greater  part  of  the 
central  white  matter.  Sweeping  down  into  the  pons,  they  form  the  trans- 
verse fibres  of  that  body,  interlacing  with  the  ttuigitudhial  fibres  of  the  crural 
system  and  intermingling  with  the  abundant  gray  matter. 

Of  these  transverse  fibres  of  the  pons,  a  certain  number  are  truly  commis- 
sural ;  they  make  no  connectious  with  eella  in  the  ]>oii8,  but  continue  their 
way  unbroken  across  it;  they  start  in  the  superficial  gray  matter  of  one  side 
of  the  cerebellum  and  end  in  the  puperficial  gray  matter  of  the  other  side, 
the  parts  of  the  gray  matter  ihii:^  united  b<*iiig  probably  corresiHinding  parts. 
The  most  ventrally  placed  transverae  fibres  of  the  pons  which  form  a  super- 
ficial layer  of  white  nmtter.  free  IVom  gray  matter  (Fig,  18f*,  tr.  P.)  are 
probably  of  this  nature,  a.s  are  also  (he  transverse  fibres  placed  most  dor^ally, 
just  ventral  tu  the  tegmental  region. 

A  large  number  of  the  transverse  fibn*3  are  not  of  this  nature.  They 
cross  from  one  side  of  the  cerebellum  to  the  opposite  side  of  the  pons,  but 
end  in  the  pons  apparently  in  the  nerve-cells  of  the  gray  matter ;  and  it  is 
8upj)08e<i  that  by  these  nerve-cells  they  are  brought  into  connection  with  the 
longitudinal  fibres  of  the  j>edal  system  and  thus  with  the  cerebrum.  They 
are  transverse  appendages  nf  the  pedal  system,  not  true  commi^ural  fibm 
though  they  do  cross  the  median  line. 

It  is  further  supjiofled  that  other  fibres  of  the  middle  peduncle  reaching 
the  pons  do  not  cross  the  median  line,  but  keeping  to  the  same  ^ide  aiid 
changing  their  ilirection,  take  a  longitudinal  upward  course  either  with  or 
without  the  intervention  of  nerve  cells,  and  so  make  their  way  to  the  teg- 
mentum.    But  this  is  not  certain. 

We  must  also  consider  as  commissural  structures  the  numerous  fibres 
crossing,  or  serving  to  form  the  median  rajihe  in  the  bulb.  This  raphe,  with 
similar  commissural  fibres,  is  present  in  the  tegmental  portion  of  the  poos, 
and.  indeed,  in  the  tegmentum  itself 

Fibres  also  cross  from  one  side  to  the  other  in  connection  with  the  crania) 
nerves,  hut  these  as  well  as  all  the  tracts  specially  connected  with  the  cranial 
nerves,  including  the  olfactory  and  optic  nerves,  had  better  be  considere«l 
by  themselves. 

eUMMARY. 


§  637.  It  may  perhaps  appear  from  the  foregoing  that  the  brain  consists 
of  a  number  of  isolated  masses  of  gray  matter,  and  some  large,  some  small, 
connected  together  by  a  multitude  of  ties  of  white  matter  arranged  in  [Jtr- 
plexing  intricacy  ;  and  the  addition  of  numerous  collections  of  gray  matter 
and  strands  of  white  matter  of  which  we  have  made  no  mention  would  still 
further  increase  the  perplexity.  Nevertheless,  a  systematic  arrangement 
mav  be  recognized,  at  leai*t  to  a  certain  extent. 

'the  least  conspicuous,  hut  perhans  iu  point  of  origin  the  oldest  put  of  the 
brain,  seems  to  be  what  we  have  called  the  central  gray  matter.     Thb  seema 
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to  f»erve  chiefly  as  a  bed  for  the  development  of  the  nuclei  of  ihe  cranial 
iiervea. 

Next  lo  the  central  j^^ray  matter  aiul  mnre  or  less  associated  with  it  comes 

wliat  we  have  called  the  tegmental  regi<>n,  of  ivhich  the  relicnlnr  formatioa, 

ojniiog  into  prouiiueiicc  in  the  hulb  and  continued  on  to  the  duhthalamic 

region,  forms  as  it  were  the  core.     IJelonging  to  the  tegmental  system  are 

numerous  masses  of  gray  matter  from  the  conspicuous  optic  thalamus  and 

the  red  nucleus  in  fnmt  to  the  several  nuclei  of  the  bulb  behind.     This  cora- 

j>Iex  tegmental  system,  which  may  perhaps  be  regarded  as  a  more  or  lees 

crontinuous  column  of  gray  matter,  comparable  to  the  gray  matter  of  the 

spinal  cord,  serves  as  a  sort  of  backbone  to  the  rest  of  the  central  nervous 

^vstem.     With  the  spinal  cord  it  is  connected  by  various  ties,  besides  being 

mk£  it  were  a  continuation  of  the  spinal  gray  matter,  and  around  it  are  built 

XM.  p  the  great  mass  of  the  cerebrum,  and  the  smaller  but  still  larger  mass  of 

%.Yke  cerebellum;  the  less  important  corjw>ra  <|Uadrigeiuina  we  may  for  sim- 

j>licity'8  sake  neglect. 

At  the  hind  end  we  find  various  parts  of  the  spinal  cord  becoming  con- 
Kaecied  with  this  tegmental  system,  either  passing  into  it  and  becoming,  as  far 
aks  our  present  knowledge  goes,  lost  in  it,  or  supplying  stramls  or  fibres  which 
pAsaing  into  it  become  through  it  connected  with  other  parts.  Thus  the  an- 
V^^rior  column  of  the  cord  exclusive  of  the  direct  pyramidal  tract,  the  lateral 
<7<^Iumn  exclusive  of  the  crossed  pyramidal  and  cen3l>ellar  tracts  (and  possibly 
die  antero-lateral  ascending  tract),  together  with  part  of  the  posterior  column 
aft-ppear  to  join  the  tegmental  system,  while  part  of  the  posterior  column,  after 
CHe  relay  of  the  gracile  and  cuneate  nuclei,  passes  through  the  system  as  the 
fillet  destined  for  various  structures. 

At  the  front  end  we  find  all  j»arts  of  the  cerebral  cortex  (though  some 
regions,  namely,  the  temporo-occipital,  to  a  greater  extent  than  others),  con- 
nected with  the  thalamus  and  other  part^  of  the  tegmental  system  ;  and,  as 
^v©  have  seen,  the  corpus  striatum  may  poaaibly  possess  like  connections. 

The  relations  of  the  cerebellum  to  this  system  are  notable.  On  the  one 
KjEiid  the  cerebellum  is  directly  concected  with  the  Bystem,  partly  by  fibres 
^wliich  pass  from  the  bulb  to  join  the  restiform  body  or  inferior  peduncle, 
p*irtly  by  the  su|>erior  j>e<luncle8  which,  as  we  have  seen,  are  in  a  measure 
loet  in  the  tegmentum^  and  partly  probably  by  fibres  of  the  middle  |>cduncle8 
also  making  connections  with  the  tegmentum.  On  the  other  hand,  the  cere- 
txfllum  forms  around  the  tegmental  system  a  great  junction  between  the 
spioal  cord  and  the  cerebrum.  To  the  spinal  cord  it  is  joined  in  a  direct 
i^nnner  by  the  cerebellar  tract  and  jwjssibly  by  the  antero-lateral  ascending 
lr3ct,  and  in  an  indirect  manner  by  the  relay  of  the  gracile  and  cuneate 
^Oclei.  To  all  parts  of  the  cerebral  cortex  it  appears  to  be  joined  by  those 
c>r»ti.<4picuous  strands  of  the  pedal  system,  which,  as  we  have  seen,  end  in  the 
F>on»,  and  there  make  connection-**  with  the  fibres  of  the  middle  pe«hmcle, 
A-ud  we  may  here  perhaps  remark  that  while  this  c«mnection  i>etween  the 
c«rebrtim  and  cerebellum  is  wliolly  a  crossed  tme,  each  cerebral  hemisphere 
Wing  joined  with  the  opposite  half  of  the  cerebellum,  the  c*.nnections  between 
the  spinal  cord  and  the  cerel>olUim  arc  largely  uncrnsed  ones,  that  by  the 
Cerebellar  tract  beiug  wholly  uncrosse*!,  and  that  with  the  posterior  column 
^  the  relay  of  the  gracile  and  cuneate  nuclei  being  in  part  uncnjssed. 

Thus  the  cerebral  cortex  has  a  double  hold,  so  to  speak,  on  the  rest  of  the 
^^c^tral  nervous  system,  first  through  the  tegmental  system,  and  secondly 
lh^Jugh  the  cerebellar  junction.  But  in  addition  to  this  there  is  another  tie 
between  the  cerebral  cortex  and  the  whole  length  of  the  cerebro-spinal  axis. 
'Jfat  le-ast  t>etween  it  and  the  whole  series  of  motor  mechanisms  in  succession 
from  the  nucleus  of  the  third  nerve  to  the  nucleus,  if  we  may  so  call  it,  uf 
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the  auterior  root  of  the  coccygeal  uerve,  naraely,  the  great  pyramidal  trai-t, 
which  thus  appears  aa  a  eomelhiiig  superadded  to  all  the  rest  of  the  central 
nervous  system. 

When  the  cerebral  hemispheres  are  removed  this  pyraiiiidol  tract  fallft 
away,  as  does  also  the  [)0ilal  syRtom  leading  from  the  cerebrum  to  the  pons, 
but  there  still  remains  tl»e  tegmental  system  with  its  cerebellar  and  other 
adjuncts,  and  this,  as  we  shall  see,  constitutes  a  nervous  machiuery»  capable 
of  carrying  out  exceedingly  complicated  acts. 


On  the  Phenomena  Exhibited  by  an  Animal  Deprived  of  its 
Cerebral  H£Mi£ipa£REB. 

§  638.  The  cerebral  hemispheres,  as  we  have  more  than  once  insisted,  eeem 
to  stand  apart  from  the  rest  of  the  brain.  In  the  case  of  some  animals  ic  is 
possible  1*1  remuve  the  cerebral  hemispheres  and  to  keep  the  animal  not  only 
alivL',  hut  iu  good  health  for  a  long  time — days,  weeks,  or  even  months  after 
the  operation.  In  such  case  we  are  able  to  study  the  behavior  of  an  animal 
poeeeasing  no  cerebral  heDii8phere.s,  and  to  compare  it  with  that  of  an  intact 
animal.  Such  an  exiKrimcnt  is  best  carried  out  im  a  fro^.  lu  this  animal 
it  is  comparatively  easy  to  remove  the  cerebral  hemispheres,  including  the 
parta  corroiipoutliii^r  t^  the  corjMfra  striata,  leaving  behind  intact  and  UDiii' 
jured  the  optic  thalaini  witli  the  optic  nerves,  the  optic  lobea  (or  repreaeota- 
tives  of  the  corpora  qoadrigemina),  the  small  cerebellum,  and  the  bulb.  If 
the  animal  be  carefully  tbil  uad  attended  to,  it  may  be  kept  alive  for  u  very- 
long  time — for  more  than  a  year,  for  instance. 

The  salient  fact  about  a  fro^  lucking  the  cerebral  hemispberee  is  that,  as 
in  the  case  of  a  frog  deprived  nf  its  whole  brain,  the  signs  of  the  working  of 
an  intelligeot  volition  are  either  uluilly  absent  or  extremely  rare.  The 
presence  of  the  Ui\\h  and  the  middle  parts  of  the  brain  (for  wi  we  may  con- 
veniently call  the  cerebral  stiuctures  lying  l>etween  the  cerebral  hemispheres 
and  the  hullj)  iiiaures  the  healthy  action  of  the  vascular,  res-pirutory.  and 
other  nutritive  systems;  Uxn\  placed  in  the  mouth  is  readily  and  easily  swal- 
lowed; tlie  animal  when  stimulated  executes  various  movements;  but  if  it 
be  leit  entirely  to  itself,  and  C4ire  lie  taken  to  shield  it  from  adventitious 
stimuli,  either  it  remains  perfectly  and  permanently  qtiiescent,  or  the  appar- 
ently spontaneous  movenieuiH  which  it  carries  out  are  so  few  and  ao  limited 
as  to  make  it  very  doubtful  whether  ihey  can  fairly  be  called  volitional. 
Such  a  frog,  for  instance,  aftor  being  kept  alive  for  some  time  and  made  lo 
exhibit  the  phenomena  of  which  we  are  about  to  speak,  has  been  placed  ou  a 
Uible  with  a  line  drawn  in  chalk  around  the  area  covered  by  its  body,  and 
letl  tu  it«elf  Uob  subsequently  been  found  dead  without  having  atirreil  out- 
side the  chalked  circle. 

We  must  here,  however,  repeat  the  caution  laid  down  in  §  583,  as  i*t  the 
ultimate  effects  of  an  openilion  on  the  central  nervous  system.  The  longer 
the  frog  is  kept  alive  and  in  good  health  after  the  removal  of  the  cerebral 
hemispheres,  the  greater  i.s  the  tendency  for  apparently  spontaneous  move 
meuts  to  show  themselves.  For  (lays,  or  even  weeks,  after  the  n|)eration 
there  may  be  no  signs  whatever  of  the  working  of  any  volition  ;  but  after 
the  lapse  of  months,  movetnenta,  previously  absent,  of  such  a  character  as  u> 
suggest  that  they  ought  to  l>e  calle<l  volunliiry,  may  make  their  appearance. 
To  this  point  we  AiaM  rflurn.  hut  may,  in  the  meanwhile,  ;?taie  thai  even  in 
their  most  complete  development  such  movements  do  not  negative  the  view 
that  the  frog  in  the  absence  of  the  cerebral  hemispheres  is  wanting  iu  wluiC 
we  ordinarilv  call  a  "  will." 
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$639.  We  have  Heeu  that  a  frog  from  which  the  whole  brain  ha«  been 
removed,  and  the  gpinal  cord  only  leil,  appears  Himilarly  devoid  of  a  *'  will ;" 
but  the  phenomena  prei-ented  by  afrog  ixfssessing  the  middle  portions  of  the 
braiu  differ  wiileiy  frotn  thooe  presenteil  hy  a  frog  potuecitjing  a  spinal  cijrd 
only.  We  may,  perhaps,  broadly  describe  the  behavior  of  a  frog  from  which 
the  cerebral  hemiupheres  only  have  been  removed,  hy  saying  that  euch  an 
animal,  though  exhibiting  no  epoiitaneons  movements,  can  by  the  applieation 
of  appropriate  stimuli  be  induced  to  perform  all,  or  nearly  all,  the  move- 
ments which  an  entire  frog  is  capable  of  executing.  It  can  be  made  to  swim, 
to  leap,  and  to  crawl.  Left  to  itself,  it  asatimes  what  may  be  callp<1  the 
natural  posture  of  a  fnpg,  with  the  fore-limbs  erect  and  the  hiiid-limbs  Bexed, 
so  that  the  Hue  of  the  hody  makes  an  angle  with  the  Hurface  cm  which  it  ia 
resting.  AVhen  placed  on  its  ba(.k.  it  immetliately  regains  this  natural  ikw- 
ture.  When  placed  on  a  board,  it  docii  not  fall  from  the  board  when  the 
latter  is  tilted  up  so  as  to  displace  the  aniraal's  centre  of  gravity  ;  it  crawls 
up  the  board  until  it  gains  a  new  position  in  which  its  centre  of  gravity  is 
restored  to  its  proper  place.  Its  movemenL?  are  exactly  those  of  an  entire 
frog,  except  that  they  need  an  external  atiraulue  to  call  them  forth.  They 
diner,  moreover,  fundamentuily  from  thnae  of  an  entire  frog  in  the  following 
important  feature  :  they  inevitably  follow  when  the  stimulus  is  applies! ;  they 
come  to  an  end  when  the  stimulus  ceases  to  act.  By  continually  varying  the 
inclination  of  a  bnard  on  which  it  i»  placed,  the  frog  may  he  nuidc  to  con- 
tinue crawling  almiwt  indefinitely  ;  but  ilirectly  the  board  is  made  to  assume 
■ach  a  poHitiim  that  the  body  of  the  frog  is  in  eijuilibrium,  the  crawling 
ceases  ;  and  if  the  )>osition  t>e  not  di.-«turbed  the  animal  will  remain  impassive 
and  quiet  for  an  almost  itidelinite  time.  When  thrown  into  water,  the 
creature  begins  at  once  to  swim  about  in  the  most  regular  manner,  and  will 
oootinue  to  swiu  until  it  ia  exhausted,  if  there  be  nothing  present  on  whicli 
it  can  come  to  rest  If  a  small  piece  of  wood  be  placed  on  the  water  the 
frog  will,  when  it  cornea  in  contact  with  the  wood,  crawl  ujwn  it,  and  so 
come  to  rest.  If  <iisturbed  from  its  natural  {xieture*  as  by  being  placed  on 
its  back,  it  imnie<liate1y  struggles  to  regain  that  posture ;  only  by  the  appli- 
cation of  continued  force  can  it  be  kept  lying  on  its  back.  Such  a  frog,  if 
its  tlanks  be  gently  stroked,  will  croak;  and  the  croaks  follow  so  regidarly 
and  surely  upon  the  strokes  that  the  animal  may  almost  be  played  upon  like 
a  musical,  or  at  least  an  acoustic,  instrument.  Moreover,  provided  that  the 
optic  nerves  and  their  arrangements  have  not  Wen  injured  by  the  operation. 
tne  movements  of  the  animal  ap]>ear  to  be  influenced  by  light ;  if  it  be  urged 
to  move  in  any  particular  direction,  it  seems  in  its  progress  to  avoid  obata- 
cles,  at  least  such  a.^  C4ist  a  strung  shadow  ;  it  turns  its  course  to  the  right  or 
left,  or  sometimes  leaps  over  the  obstacle.  In  fact,  even  to  a  careful  observer, 
the  diflTereuces  between  such  a  frog  and  an  entire  frog  which  was  simply  very 
stupid  or  very  inert,  would  appear  slight  and  unimportant,  except  io  this, 
that  the  animal  without  its  cerehral  hemiBpherpg  is  obedient  to  every  stimulus, 
and  that  each  stimulus  evokes  an  appropriate  movement ;  whereas,  with  the 
entire  animal,  it  is  impHi<8ible  to  predict  whether  any  result  at  all,  and  if  so 
what  result,  will  follow  the  application  of  this  or  that  stimulus.  Holh  may 
be  regardeil  as  machines;  but  the  one  is  a  machine  and  nothing  more,  the 
other  is  a  machine  governcfi  and  checked  by  a  dominant  volition. 

\ow,  such  movements  as  crawling,  leaping,  swimming,  and,  indeed, 
as  we  have  already  urged,  to  a  greater  or  lew  extent,  all  bodily  move- 
inents,  are  carried  out  by  means  of  cfH')rdinate  nervous  motor  impulses. 
influeuoed,  arrange4l,and  governed  by  coincident  sensory  or  afferent  impulses. 
Muscular  m(»vements  are  determined  by  afferent  influenoes  proceeding  from 
the  muscles  and  constituting  the  foundatiou  of  the  muscular  sense;  they  are 
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alao  directed  by  means  of  afferent  impulses  passing  centripetally  along  the 
sensory  nerves  of  the  skin,  the  eye,  the  ear,  and  other  organs.  Independently 
of  the  particular  afferent  impulses,  which  acting  as  a  -tlimulus  call  forth  the 
movement,  very  many  other  atlerent  impulscj^  are  concerned  in  the  genera- 
tion and  coordination  of  the  rcaultant  motor  impulses.  Every  bodily  move- 
ment such  &8  those  of  which  we  are  speaking  is  the  work  of  a  more  or  less 
complicated  nervous  mechanism,  in  which  there  are  not  only  central  and 
efferent,  but  also  afferent  factors.  And,  putting  aside  the  question  of  con- 
sciousness, with  which  we  have  here  no  occasion  to  deal,  it  is  evident  that  in 
the  frog  deprived  of  lis  cerebral  hemispheres  all  these  factors  are  present, 
the  afiereut  no  less  thiin  the  central  and  the  efferent.  The  machinery  for  all 
the  necessary  and  uHual  bodily  movementa  is  present  in  all  its  complelenesfe. 
We  may  regard  the  share,  therefore,  which  the  cerebral  hemispheres  take  in 
executing  the  movements  of  which  the  entire  animal  is  c*apable,  as  that  of 
putting  this  machinery  into  action  or  of  limiting  its  previous  activity.  The 
relation  which  the  higher  nervous  changes  concerned  in  volition  bear  to  thi» 
machinery  umy  be  compared  to  that  of  a  stimukis,  always  bearing  in  mind 
that  the  eliect  of  a  atimulus  on  a  nervous  centre  may  be  either  to  start 
activity,  or  to  increase,  or  to  curb,  or  to  stop  activity  already  present,  AVe 
might  almost  speak  of  the  wilt  as  an  intrinsic  stimulus.  Its  operations  are 
limited  by  the  machinery  at  its  command.  We  may  infer  that  in  the  frog 
the  action  of  the  cerebral  hemispheres  in  giving  shape  to  a  bodily  movement 
is  that  of  throwing  into  activity  particular  parts  of  the  nervous  machinery 
situated  in  the  lower  nart^  i^f  the  brain  and  in  the  spinal  cord  ;  preciselv  itie 
same  movement  may  i>e  initiated  in  the  absence  of  the  cerebral  hemispheres 
by  applying  such  stimuli  as  shall  throw  precisely  the  same  parts  of  that 
machinery  into  the  same  activity. 

Very  marked  is  the  contrast  between  the  behavior  of  such  a  frog  which, 
though  deprived  of  ita  cerebral  hemispheres,  still  retains  the  other  parta  of 
the  brain,  and  that  of  a  frog  which  pnasessea  a  spinal  cord  only.  The  latter 
when  placed  on  its  back  makes  no  attempt  to  regain  its  normal  |>oeture  ;  in 
fact,  it  may  be  said  to  have  completely  lost  its  normal  i>oaiure,  for  even  when 
placed  on  its  belly  it  does  not  stand  with  its  fore-feet  erect,  as  does  the  other 
animal,  but  lies  fiat  on  the  ground.  When  thrown  into  water,  instead  of 
swimming  it  sinks  like  a  lump  of  lead.  When  pinched,  or  otherwise  stimu- 
lated, it  does  not  crawl  or  leap  forward;  it  simply  throws  out  ita  linib^  in 
various  ways  When  its  ttanks  are  stmkcd  it  does  not  croak:  and  when  a 
hoard  on  which  it  is  placed  is  inclined  t^ufficiently  to  displace  its  centre  >f{ 
gravity  it  makes  no  eilorl  to  regain  ita  balance,  but  falls  oH' the  Itoard  like  a 
lifeless  mass.  Though,  na  we  have  seen,  the  various  part*  of  the  spinal  cord 
of  the  frog  contain  a  large  amount  of  coordinating  machinery,  »o  that  the 
brainless  frog  may,  by  appropriate  atimuli,  be  made  U\  execute  various  pur- 
poseful coordinate  movements,  yet  these  are  very  linnte«i  compared  with 
those  which  can  be  similarly  carried  out  by  a  frog  poasessing  the  middle  and 
lower  parts  of  the  brain  in  addition  to  (he  spinal  cord.  It  is  evident  that  a 
great  deal  of  the  more  complex  machinery  of  this  kind,  e8f>ecially  all  that 
which  has  to  deal  with  the  body  as  a  whole,  and  all  that  which  is  cimcerned 
with  equilibrium  and  is  specially  governed  by  the  higher  senses,  is  seated 
not  in  the  spinal  cord,  but  in  the  brain.  We  do  not  wish  now  to  discusa  the 
details  of  this  machinery  ;  all  we  dceire  to  insist  upon  at  present  is  that  in 
the  frog  the  nervous  machinery  required  for  the  execution,  ae  distinguished 
from  the  origination,  of  bodily  movements  even  of  the  most  amiplicatod  kind, 
is  present  after  complete  removal  of  the  cerebral  hemi(»pherea,  though  these 
movemeuis  are  such  as  to  require  the  cod[>eration  of  highly  difTereniiated 
afferent  impulses. 
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§  640.  In  warni-blooded  animals  the  removal  of  the  cerebral  hemispheres 
18  alteiided  with  much  greater  difficulties  than  in  the  case  of  the  frog.  Never* 
iheltiEB,  in  tlie  bird  the  operation  may  be  rarrie<]  out  with  approximate  sue- 
ccas.  Pigeons  for  instance  have  been  kept  alive  for  five  or  six  weeks  after 
complete  removal  of  the  cerebral  liemifpherea,  with  the  exception  of  portions 
of  ttie  crura  and  cor[>ora  striata  immediately  surrounding  the  optic  tnatami ; 
tliese  parts  were  lefl  in  order  to  ensure  the  intact  condition  of  the  latter 
bodies. 

When  the  immediate  efifects  of  the  operation  have  passed  off,  and  for  some 
time  afterward,  the  appearance  and  behavior  of  the  bird  are  strikingly 
similar  to  those  of  a  bird  cxcoedingly  sicopy  and  stupid.  It  is  able  to  main- 
tain what  appears  to  be  a  completely  normal  po«lure,  and  can  balance  itself 
on  one  leg.  alter  the  fushion  of  a  bird  which  has  in  a  natural  way  gone  to 
sleep.  Ijefl  alone  in  (^rfect  r|uiet,  it  will  remain  impassive  and  motionless 
fur  a  long  time.  When  stirred  it  moves,  shitls  its  j)ositiou  ;  and  then,  on 
being  left  alone,  returns  to  n  natural,  easy  posture.  Placed  on  its  side  or  its 
back  it  will  regain  its  feet;  thrown  into  the  air,  it  flies  with  considerable 
precision  for  sijme  distance  l>cfore  it  returns  Uy  rest.  It  fre(|uently  tucks  its 
head  under  its  wingn,  and  at  times  may  be  seen  to  clean  its  feathers  ;  when 
iis  beak  is  plonged  into  corn,  it  eats.  It  may  be  induced  to  move  not  only 
by  ordinary  stimuli  applied  to  the  skin,  but  also  hv  sudden  loud  sounds,  or 
by  flashes  of  light ;  in  its  flight  it  will,  though  imperfectly,  avoid  obstacles, 
and  its  various  movements  appear  to  be  to  a  certain  extent  guided  not  only 
by  touch  but  also  by  visual  impressions. 

In  a  certain  number  of  cases  this  sleepy,  drowsy  condition  passes  oflTand  is 
succeeded  by  a  phase  in  which  the  bird^  apparently  spontaneously,  without 
the  intervention  of  any  obvious  stiniulusi,  movei  rapidly  about.  It  d^fes  not 
fly,  that  ia  to  say,  it  does  not  raise  itself  from  the  ground  in  flight,  but  walks 
about  incessantly  for  a  long  while  at  a  time,  periods  of  activity  alternating 
with  periods  of  repose.  It  seems,  from  time  to  time,  to  wake  up  and  move 
about,  and  then  to  go  to  sleep  again  ;  and  it  has  been  observed  that  during 
tbe  night  it  appears  to  be  always  asleep.  It  is  obvious,  therefore,  that  the 
sleepy,  quiescent  condition  is  not  due  simply  to  the  absence  of  the  cerebral 
hemispheres,  but  is  a  temporary  efl*ect  of  the  operation,  and  that  spontaneous 
movements,  that  is  to  say,  movements  nut  started  by  any  obvious  stimulus, 
may  occur  after  removal  of  the  cerebral  hemispheres.  But  the  movements 
so  witnessed  difler  from  those  of  an  intact  bird.  They  are,  it  is  true,  varied ; 
and  the  variations  are  in  part  de|)ondent  on  e.Tternal  circumstances,  the  bird 
being  guided  by  tactile,  and  as  we  have  said,  visual  sensations,  or,  to  be  more 
exact,  by  impressions  made  upon  the  sensory  nerves  of  the  skin  and  on  the 
retina;  but  they  do  not  show  the  wide  variations  of  voluntary  movements. 
The  binl  never  flies  up  froru  the  ground,  never  8|xtntajieou8ly  picks  up  corn, 
and  its  aimless,  monotonous,  restless  walks,  resembling  the  continuous  swim- 
miog  of  the  frog  thrown  into  the  water  after  being  deprived  of  its  cerebral 
hemispheres,  forcibly  suggest  that  the  activity  is  the  outcome  of  some  intriuHic 
impulse  generated  in  the  nervous  machinery  in  some  way  or  other,  hut  not 
by  tbe  working  of  a  conscious  intelligence  as  in  the  impulse  which  we  call 
the  will. 

Still  we  must  not  shut  our  eyes  to  the  fact  that  spontaneous  movements, 
whatever  their  exact  nature,  are  manifested  by  a  bird  in  tbe  absence  of  tbe 
cerebral  hemispheres,  and  become  the  more  striking  the  more  complete  the 
recovery  from  the  passing  eflects  of  the  mere  oi»eralion.  Could  such  birds 
be  kept  alive  for  any  coneidorable  time,  jtossibty  further  developments  might 
be  witnessed,  and  indeed  cases  are  on  record  where  birds  have  been  kept 
alive  for  months  after  the  o|>eration,  and    have  shown  spontaneous  move- 


788 


TOE    BRAIN 


mentfl  of  a  still  more  varied  character  tliau  tbt^se  just  de8cril>ed  ;  but  in  sdSP 
cases  ihe  removal  of  the  hemis]>here8  has  not  been  complete,  portions  of  the 
ventral  regions  being  letl  behind ;  and,  though  a  mere  remnant  leil  around 
the  optic  thalnmi  can  hardly  be  regarded  ns  a  sufficient  cftuse  for  the  spon- 
taneity of  which  we  are  speaking,  a  larger  mass,  still  more  or  less  retaining 
its  normal  structure,  might  have  a  marked  effect.  And  we  may  here  per- 
haps renuirk  that  all  the-se  facts  rieem  to  |)oint  to  the  conclusion  that  whai 
may  be  called  iiiechanical  spontaneity.  8^»uietiiiie8  8|H>ken  of  as  "automatism." 
differs  from  llic  Hpoulaneity  n«"  the  "will"  in  degree  rather  than  in  kind. 
Looking  at  the  matter  from  a  purely  physiological  point  of  view  Tihe  only 
one  wliich  has  a  right  to  be  employed  in  these  pages),  the  real  diHerence 
between  an  automatic  act  and  a  voluntary  act  is  that  ihe  chain  of  physio- 
logical events  between  the  act  and  its  physiological  cause  is  in  the  one  case 
short  and  simple,  in  the  other  long  and  complex.  We  have  seen  that  a  frog 
lacking  its  cerebral  hemispheres^  viewed  from  one  standpoint,  appears  in  the 
light  of  a  mechuuical  apparatuti,  on  which  each  chauge  of  circumstances 
produces  a  direct,  unvarying,  inevitable  etlect.  And  yet  it  is  on  record  that 
such  a  frog,  if  kept  alive  lung  enough  for  the  most  complete  disappearance 
of  the  direct  effects  of  the  operation,  will  bury  itself  in  the  earth  at  the 
approach  of  winter,  atirl  is  able  to  catch  and  swallow  flies  and  other  food 
coming  in  its  neighborhoo<1,  although  in  (tther  respects  it  shows  no  signs  of 
an  intelligent  volition,  and  iinswera  with  unerring  mechanical  certainty  to 
the  play  of  gtimuli.  We  may  add  that  in  some  fishes  the  removal  of  their 
cerebral  hemiBpherc.«,  which  in  these  animals  form  a  relatively  small  part  of 
the  whole  brain,  produces  exceedingly  little  change  in  their  general  behavior. 

These,  however,  are  not  the  conaiderationa  on  which  we  wish  here  to  dwell ; 
we  have  quoted  the  behavior  of  the  bird  deprived  of  lis  cerebral  hemispheres 
mainly  to  show  that  in  this  warm-1>tooded  animal,  as  in  the  more  luwly  cold- 
blooded frog,  the  parts  of  the  hrnin  below  or  behind  the  cerebral  hemi- 
spheres constitute  a  nervous  machinery  by  which  all  the  ordinary  bodily 
movements  nmy  be  carried  out.  The  bird,  like  the  frog,  suffers  no  paralysis 
when  the  cerebral  hemispheres  are  removed;  an  the  contrary,  though  its 
movements  have  not  been  Htudied  so  closely  as  those  of  the  frog,  the  bird 
without  its  cerebral  hemispheres  seems  capable  of  executing  at  all  events  all 
the  ordinary  bodily  movemenls  of  a  bird.  And  in  the  bird  as  in  the  frog, 
the  afferent  impul^eii  passing  into  the  central  nervous  system,  whether  (hey 
give  rise  to  consciousuess  or  not,  play  an  important  part  not  only  in  origi- 
nating but  in  guiding  and  coOrdiuating  the  efferent  impulses  which  stir  the 
muscles  to  ci^ntract,  the  c(»ordination  being  efJectcd  partly  in  the  spinal  cord, 
but  largely  and  indeed  chiefly  in  the  parts  of  the  brain  lying  behind  the 
<»rebral  hemispherea.  It  is  further  worthy  of  notice  that  sptmtaneiiy  of 
movement  of  the  kimi  which  we  have  descriljed,  is  much  more  pruiniuetit  in 
the  m<>re  highly  develped  bird  ihuu  in  the  more  lowly  frog.  The  cerebral 
hemispheres  are  not  the  only  part  of  the  central  nervous  system  which  has 
undergone  a  greater  development  in  the  bird  ;  the  other  parts  of  the  brain 
have  also  acquired  a  far  greater  complexity  than  in  the  frog. 

{!641.  In  the  mammal  the  removal  of  the  cerebral  hemispheres  is  still 
more  difhcult  than  in  the  bird  ;  the  animal  cannot  be  kept  alive  for  more 
than  a  few  hours;  but  in  some  mnmnmls  it  is  [xissible  to  observe  during 
those  few  hours  phenomena  kindred  to  i\ui^e  witnes8e<l  in  the  bird 
and  in  the  frog.  The  rabbit  or  rat,  from  wliich  the  whole  of  both  hemi- 
spheres has  been  removed  with  the  exception  of  the  parts  immediately 
surrounding  the  optic  thalami,  can  stand,  run,  and  leap.  Placctl  on  it£  side 
or  back  it  at  once  regains  its  feet.  Left  alone  ii  genendly  remains  as 
motionless  and  impassive  as  a  statue^  save  now  and  then  when  a  passing 
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impulse  seems  to  stir  it  to  n  sndden  hut  brief  movement ;  but  sometimea  it 
seems  subject  to  a  more  canttniie<l  imptiisc  to  move,  in  which  case  death 
usually  follows  very  speedily.  Such  a  rabbit  will  remain  for  minutes  together 
utterly  heedless  of  a  carrot  or  cabbage-leaf  placed  just  before  its  nose,  though 
if  a  morsel  be  placed  within  its  luouth  it  at  once  begins  to  eat.  When  stirred 
it  will  with  ease  and  steadiness  run  or  leap  forward  ;  and  obstacles  in  its 
course  are  very  frequently,  with  more  or  less  success.  avoide<l.  In  some  cases 
the  animal  (rati  has  been  described  as  following  by  movements  of  the  head  a 
bright  light  held  in  fnftit  of  it  (provided  that  the  optic  nerves  and  tracts 
have  not  been  injured  during  the  0[>eralion),  as  starting  when  a  shrill  and 
loud  noise  is  made  near  it,  and  us  crj'ing  when  pinched,  often  with  a  long  and 
•eemiogly  plaintive  scream.  So  plaintive  is  the  cry  which  it  thus  gives  forth 
as  to  suggest  to  the  observer  the  existence  of  passion  ;  this,  however,  is  prob- 
ably a  wrong  interpretation  of  a  vocal  action ;  the  cry  appears  plaintive 
simply  because,  in  consequence  of  the  completeness  of  the  reflex  nervous 
machinery  and  the  absence  of  the  usual  restraint.'^,  it  is  prolonged. 

Without  insisting  too  much  on  such  results  as  these,  and  allowing  full 
weight  to  the  objection  which  may  be  ur^ed,  that  in  some  of  these  ca?e8 
parts  of  the  cerebral  hemispheres  surrounding  the  optic  ihalami  were  left, 
there  still    remains  adeijuate  evidence  tu  nhow  that  a  mannnal   such  as  a 
rabbit,  in  the  same  way  as  a  frog  and  a  bird,  may  in  the  complete  nr  nil  but 
complete  absence  of  the  cerebral  hemispheres  maintain  a  natural  posture, 
free  from  all  signs  of  disturbance  of  equilibrium,  and  is  able  to  carry  out 
with  success,  at  all  events  all    the  usual  and  common  bodily  movements. 
And  as  in  the  bird  and  frog,  the  evidence  also  shows  that  these  movements 
not  only  may  be  started  by.  but  in  their  carrying  out  are  guided  by  and 
coordinated  by  afferent  impulses  along  at!erent  nerves,  including  those  of  the 
special  senses.     But  in  the  ease  of  the  rabbit  it  is  even  still  clearer  than  in 
toe  case  of  the  bird  that  the  effects  of  these  afferent  impulses  are  different 
from  those  which  retiult  when  the  impulses  gain  access  to  an  intact  brain. 
The  movements*  of  ibe  anima!  seem  guided  by  impressions  made  on  its  retina, 
as  well  as  on  other  sent^ury  nerves;  we  may  perhaps  speak  of  the  animal  as 
the  subject  of  sensations ;  but  there  is  no  satisfactory  evidence  that  it  pos- 
«M8oa  either  visual  or  other  perceptions,  or  that  the  sensations  which  it  ex- 
periences give  rise  to  ideas.     Its  avoidance  of  objects  <lepends  nut  so  much 
on  the  form  of  these  as  on  their  interference  with  light.     No  image,  w*hether 
pleasant  or  terril>le»  whether  of  food  or  of  an  enemy,  produces  an  effect  on 
it,  other  than  that  of  an  object  reflecting  more  or  less  light.     And  we  may 
infer  that  it  lacks  the  possession  of  an  intelligent  will.     But  it  must  always 
"be  remembered  that  some  of  the  phenomena  are  due  to  the  operation  pro- 
ducing other  results  than  the  mere  absence  of  the  part  removed.     We  must 
bear  in  mind  that  in  all  the  abtjve  experiments  while  the  positive  phenomena, 
^e  things  which  the  animal  continues  able  to  do,  are  of  great  value,  the 
Sttgative  phenomena,  the  things  which  the  animal  can  no  longer  do,  are  of 
niuoh  less,  indeed  of  doubtful  value.     The  more  carefully  and  successfully 
the  experiments  are  carried  out,  the  narrower  become  what  we  may  call  the 
"deficiency  phenomena/'  the  y)henomena  which  are  alone  and  directly  due 
to  something  having  been  taken  away.     Were  it  poAsible  lo  keep  ihe  rabbit 
alive  long  enough  for  the  mere  eflects  of  the  o|>eration  to  pass  completely 
avray,  we  should  not  only  probably  witness,  as  in  the  case  of  the  oinl,  a 
greater  scope  of  movement  and  more  frequent  spontaneity,  but  possibly  find 
a  difficulty  in  describing  the  exact  coudition  uf  the  animal. 

§  642.  Hitherto  attempts  to  witness  similar  phenomena  in  more  highly 
organized  mammals,  such  as  the  dog,  have  failed  ;  these  animals  do  not 
recover  from  the  operation  of  removing  the  whole  of  both  their  heoiispheres 
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sufficiently  to  enable  us  to  ju<Jge  whether  they,  like  the  frog,  the  bird,  and 
the  rabbit,  can  carry  out  coordinate  bodily  movement*  in  the  absence  of  the 
hemispheres,  or  whether  in  them  this  part  of  the  brain,  i«o  largely  developed, 
has  usurped  functiuus  which  in  the  lower  animals  belong  to  other  piirtft. 
Our  kuowIe<lge  is  largely  confined  to  the  experiem^'e  that  when  in  a  dog  the 
cerebral  convolutions  are  remove<i  piecemeal  at  several  operations,  the 
animal  may  be  kept  alive  and  in  good  health  for  a  long  time,  many  mouths 
at  least,  even  after  these  parts  of  the  brain  hnve  been  reduced  to  very  small 
dimensions,  and  that  under  these  circumstances  th€  animal  is  not  only  able 
to  carry  out  with  Borae  limitations  his  ordinary  bodily  movementfi,  but  als'i 
exhibiis  a  spontaneity  obviously  helokeniog  the  po!«p.8sion  not  merely  of  a 
coD»ciou8  volition  but  of  a  certain  amount  of  intelligence.  Unless  we  are 
willing  to  believe  that  a  mere  fragment,  so  to  speak,  of  the  hemispheres  can 
lake  on  most  extended  powers,  such  an  experience  seems  to  show  that  in  the 
dog  as  in  thu  rabbit  and  in  the  bird,  the  d^'velopmeut  of  so-called  higher 
functions  is  not  limited  to  the  cerebral  hemispheres,  that  the  middle  and 
lower  portions  of  the  brain  in  the  higher  animals  as  compared  with  the 
lower  do  not  increase  in  bulk  merely  as  the  instruments  of  the  hemispheres, 
but  like  the  hemispheres  acquire  more  and  more  complex  functions.  We 
may  perhaps  go  so  far  as  to  ask  the  question  whether  the  volition  and  intel- 
ligence which  such  a  dog  exhibits  i«  not  as  niucli  the  product  of  the  parla 
lying  behind  the  hemispheres  as  of  the  «tiim[>  left  in  the  frouU 

If  we  caji  thus  suy  little  about  the  rondiliau  of  a  dog  without  the  cerebral 
hemispheres,  we  can  say  still  le«s  about  the  monkey,  which  in  all  matters 
touching  the  cerebral  nervous  system  serves  as  our  best,  indeed  our  only 
guide  for  drawing  inferences  concerning  man  ;  but  in  all  probability  the 
monkey  in  this  respect  bears  somewhat  the  same  relation  to  the  dog  that  the 
dog  bears  to  the  bird. 

In  short,  the  more  we  study  the  phenomena  exhibited  by  animals  possess- 
ing a  part  only  of  their  brain,  the  closer  we  are  pushed  to  the  conclusion 
that  no  sharf)  line  can  be  drawn  between  volition  and  the  lack  of  volition, 
or  between  the  possession  and  absence  of  intelligence.  Between  the  muscle- 
nerve  preparation  at  the  one  limit,  and  our  conscious  willing  selves  at  the 
other,  there  is  a  continuous  gradation  without  a  break;  we  cannot  tix  on 
any  linear  barrier  in  the  brain  or  in  the  general  nervous  system,  and  say 
"  beyond  this  there  is  volition  and  intelligence,  but  up  to  this  there  is  none." 

This,  however,  is  not  the  question  with  which  we  are  now  dealing.  What 
we  want  to  point  out  is  tliat  in  the  higher  mnmals.  including  at  least  some 
mammals,  as  in  the  frog,  after  the  removal  of  the  cerebral  hemispheres,  even 
though  c<inscious  volition  and  intelligence  appear  to  be  largely,  if  not  entirely, 
lost,  the  body  is  still  capable  of  executing  all  the  ordinary  movements  which 
the  animal  in  its  natural  life  ia  wont  to  perform,  in  spite  of  these  movements 
neeessiuting  the  cooperation  of  various  afferent  impulses;  and  that  there- 
fore the  nervous  machinery  for  the  execution  of  these  movements  lies  in 
some  part  of  the  brain  other  than  the  cerebral  hemispheres.  We  have  rea- 
sons for  thinking  that  it  is  situated  in  the  structures  forming  the  middle  and 
hind  brain  ;  as  we  shall  ttee,  interference  with  these  parts  produces  at  once 
remarkable  disorders  of  movement. 


The  Machinery  of  Coordinated  Movements. 


§  643.  We  may  now  direct  our  attention  for  a  while  to  some  considerations 
oonoerning  the  nature  of  this  complex  nervous  machinery  for  the  ci»ordina- 
tion  of  bodily  movements,  and  especially  concerning  the  part  played  by 
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afferent  impulses.  Most  of  our  knowledge  on  this  point  has  been  gaineii 
by  a  study  of  animals  not  deprived  of,  but  still  pfjssessing,  tbeir  cerebral 
hemispheres,  or  by  dedurtiotjs  from  the  ilata  of  our  own  experience;  but  it 
is  poesible  in  most  cases  to  eliminate  from  the  total  results  the  phenomena 
which  are  due  to  the  working  of  a  conscious  iutelligence.  Some  of  the  most 
striking  facte  bearing  on  this  matter  have  been  gaine<l  by  studying  the  effects 
of  operative  interference  with  certain  parts  of  the  internal  ear,  known  as  the 
semicircular  cannlg.  The  details  of  the  structure  of  the%  parts  we  shall 
<le«cribe  later  on,  when  we  come  to  deal  with  hearing,  but  we  may  here  say 
that  each  internal  ear  posees8es  three  ruembraiiouH  semicircular  canals,  dis- 
posed in  the  three  planes  of  apace  (one  horizontal,  and  one  in  each  of  the 
two  vertical  planes,  fore  and  aft  and  side  to  side),  each  membranous  canal 
being  surrounded  by  a  bony  canal  of  nearly  the  same  shape,  and  being  ex- 
paodfed  at  one  end  into  what  ia  called  an  ampulla,  on  wnich  fibres  of  the 
auditory  nerve  end.  Each  membranous  canal,  in  common  with  the  cavity 
■vf  the  internal  ear  of  which  it  is  a  pn>l<mgiUion,  contains  a  fltiid  allied  to 
lymph,  called  endolymph,  nn<i  the  space  between  each  membranous  canal 
and  ita  corrcsi)ondiug  bony  canal  is  in  reality  n  lymph-space,  containing  a 
^uid  which  is  virluallv  lymph,  though  it  is  called  by  the  special  name  of 
jK-rilymph.  In  birds  interference  with  the  semicircular  c4inals  proiiuces  the 
following  rrmarknblc  results: 

When  in  a  pigeon  the  horizontal  membranous  semicircular  canal  is  cut 
through,  the  bird  is  observed  to  bo  continually  moving  ita  he^d  from  side  to 
•ide.  If  one  of  the  vertical  canals  be  cut  through,  the  movements  are  up 
«iid  down.  The  peculiar  movements  may  not  be  witnessed  when  the  bir<l  is 
perfectly  quiet,  but  they  make  their  appearance  whenever  it  is  disturbed  or 
attempts  in  any  way  to  stir.  When  the  injury  is  contiued  to  one  canal  only, 
«r  even  to  the  canals  of  one  side  of  the  head  only,  the  condition  utler  a 
while  passes  away :  when  the  canals  of  both  sides  have  been  divided,  it 
becomes  much  exaggerated,  lasts  much  longer,  and  to  some  cases  is  said  to 
remain  permanently.  After  such  iajnriea  it  is  found  that  these  peculiar 
movements  of  the  head  are  associated  with  what  appears  to  be  a  great  want 
of  coijrdination  of  bodily  movements.  If  the  bird  be  thrown  into  the  air, 
5t  flutters  and  falls  down  in  a  helpleas  and  confused  manner;  it  appears  to 
liave  l(«t  the  |>ower  of  orderly  Hight.  If  placed  in  a  balauceit  [Hwition,  it 
Tuny  remain  for  some  lime  quiet,  generally  with  its  head  in  a  peculiar  pos- 
ture; but  directly  it  is  disturbed,  the  movement*  which  it  attempts  to  execute 
«re  irregular  and  fall  short  of  their  purpose.  It  has  great  difficulty  in  pick- 
ing up  food  and  in  drinking;  and  in  general  its  behavior  very  much  resem- 
l>lea  that  of  a  person  who  is  exceedingly  dizzy. 

It  can  hear  i)erfectly  well,  and  therefore  the  symptoms  cannot  be  regarded 
as  the  result  of  any  abnormal  auditory  sensations,  such  as  *'a  roaring'*  in 
the  ears.  Besidea,  any  such  stimulation  of  the  auditory  nerve  as  the  result 
of  the  section  would  speedily  die  away,  whereas  these  phenomena  may  last 
for  at  least  a  very  considerable  time. 

The  movements  are  not  occasioned  by  any  partial  paralysis,  by  any  want 
of  power  in  particular  muscles  or  group  of  muscles ;  though  removal  of  the 
canals  of  one  side  has  been  described  as  leading  to  dimini.-^hed  mucular 
force  on  the  same  m\e  of  the  body,  the  mere  diminution  of  force  is  insufti- 
cieot  to  explain  the  phenomena.  Nor  on  the  other  hand  are  the  movements 
due  to  any  uncontrollable  impulse;  a  very  gentle  pressure  of  the  hand 
suffices  Uy  stop  the  movements  of  the  head,  and  the  hand  in  doing  so  experi- 
ences no  strain.  The  assistance  of  a  very  slight  support  enables  movements 
otherwise  im]>osgible  or  UKtstdifKcult  to  be  easilv  executed.  Thus,  though  when 
led  alone  the  bird  has  great  difficulty  in  drinking  or  picking  up  corn,  it  will 
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continue  to  eat  with  eaao  if  its  beak  be  plungtii  into  water  or  iato  a  hwmp 
bnrley  ;    the  slight  support  of  the  water  or  of  Uic  grain  seems  auficMfit 
steady  it8  moveiuent«.     lu  the  same  way  it  can,  even  without 
clean   its  fcathore  and  scratch  its  head,  ita  beak  and  foot  beiDj;   la 
operations  guided  by  contact  with  it«  own  body. 

The  amount  of  diaurder  thutt  induced  diflcrs  in  diffi?reut  bink.  mad  noM 
niovenientB  nre  niort:;  affected  than  others.  A«  a  jircnpral  rule,  it  may  ba  aiid 
that  the  more  complex  and  intricate  u  muveiDval.  the  fuller  atul 
deliciite  the  coordination  needed  tu  curry  it  out  iiutH.*eHttl*ully.  thm 
markedly  n  it  tliiuirdered  by  the  oitemtion  ;  thus,  after  injury  to  tba  oumIii 
while  H  pigeon  cannot  fly,  a  guuee  i8  titill  able  to  tiwim. 

In  mammals  (rabbits)  section  of  the  canals  also  prtNluiv^aoeriAbi  ttaKwu 
of  los$  of  coordination,  but  much  lees  than  that  wituease«l  in  binit;  mimI  ibt 
movements  of  the  head  are  not  so  marker!,  [teculiur  oncillating  moTtmrtiU  «f 
the  eyeballs,  differing  in  direction  and  character  acconlin^  to  tb«f  cmoal  Mr 
canals  operated  upon,  becoming  however  prominent.  In  the  frn|^  oo  firriS' 
tionaof  the  head  are  seen,  but  there  is  some  Uisb  of  iH)on1inalion  in  thffmuvv 
nienta  of  the  body.     In  fishes  no  effect  at  all  is  produced. 

Injury  to  the  bony  canals  alone  is  insiiflicienr  to  product*  tbc  «nnD| 
the  membranous  canals  themselves  must  be  dividc^l  or  injtirrd.  Tbe  c 
teristic  movemenla  of  the  head  may  however  be  brought  about  in  i 
without  opening  the  bony  canal,  by  suddenly  healing  or  co<iliog  a 
especially  its  ampullar  terminations,  or  by  the  making  or  breaking  o^ 
staut  current  directed  through  the  canal. 

There  can  be  no  doubt  that  thet«e  characteristic  raovenienta  of  iha 
tlie  result  of  afferent  impultses  started  in  the  nervous  endings  tif  the 
nerve  over  the  ampulla  of  the  canal,  and  conveyed  to  the  braiu  aiuci|f 
Berve.  And  that  injury  to  or  other  stimulation  of  each  of  the  tbi 
should  produce  in  each  case  a  different  movement  of  tlie  head,  tbe  titfvetiaa 
of  the  movement  l>eing  different  according  to  the  plane  in  >«hich  tKv  eSBfll 
lies,  shows  that  these  impulseA  arc  of  a  i>eculiar  nature.  Thi«  i»  furUMrtto^ 
trated  by  the  following  experiment.  If  the  hurixontul  canal  be 
laid  bare,  and  the  menioranous  ctinal  ofwued  00  as  to  expoM  tht 
blowing  gently  over  the  o{>ened  canal  with  a  fine  gUa  caniila  wID 
a  definite  movement  of  the  head,  which  is  turned  U}  the  oiM  ndt  or  lo  tifet 
other,  according  as  the  current  of  air  drives  the  codolymph  toward  or  svaj 
from  the  ampulla.  From  this  it  is  inferred  that  a  mov<ni«tf  of  th>  mAt  ■ 
lymph  over,  or  an  iucreoseil  pressure  of  the  endolymph  on.  Um  —ryona  tM^ 
ings  in  the  nmpulln  gives  rise  (o  afferent  impuLsn  which  in  soma  w«y  Aalar 
mine  the  issue  of  efferent  impulses  leading  to  the  movement  of  tbc  bead.  Il 
18  further  suggested  that  since  the  planes  of  the  three  canala  lie  ni  iW  ibrcw 
axes  of  space,  any  change  in  the  position  of  the  head  mutt  lead  l<» 
in  the  pressure  of  the  endolymph  on  the  walls  of  the  ainpullie  or  U» 
menta  of  endolymph  over  thoae  walls,  and  so  must  give  rise  to  unpiikei 
ing  up  the  auditor^'  nerve ;  and  that  t^ince  every  change  of  poritJoo  will 
the  three  canals  (jillcrently  (whereas  the  changes  of  pieaviw  of  iKa 
Ivmph  involved  in  a  "  wave  of  sound*' will  affect  all  three  MnpollMeqiBallf)* 
tlioee  impulsM-s  will  differ  accortling  to  the  direcUun  uf  the  chasML  A  alal 
further  extension  of  thim  view  ftup[M'»es  that  Hince  in  any  offie  poroctt  of  ite 
bead  the  pressure  of  the  rndotymph  will  differ  in  Iho  Ihrve  ampolhi^  ■art 
position  of  the  head,  n^  diHtiuguitthed  from  change  of  ptmition,  b  adew^qftie  to 
generate  iitfcn-nt  impulses  diflering  iu  the  different  pOMitioM, 

I>et  II?  now  for  a  while  turn  B»ide  to  oun-elves  and  rzamiae  tbe 
tion  of  the  rotivenienl*  of  our  own  bodies.     When  wo  apptal  to  oar  ow> 
■cioueoeHi  we  find  that  our  movements  are  governed  and  fuided  by 
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we  may  call  a  seo^  of  equilibrium,  by  an  appreciation  of  the  position  of  our 
body  and  il^s  relations  to  spuce.  When  tbiti  sense  of  equilibrium  in  disturbed 
we  say  we  are  dizzy,  and  we  then  strtgj^er  and  reel,  being  no  longer  able  to 
coordinate  the  rooveineute  of  our  iKidies  or  to  adapt  them  to  the  position  of 
things  around  us.  What  is  the  origin  of  this  eense  of  equilibrium  ?  By 
wbftt  means  are  we  able  to  appreciate  the  position  of  our  body  V  There  c«n 
be  no  doubt  that  this  appreciation  is  in  large  measure  the  product  of  visual 
and  tactile  sensations  ;  we  recognize  the  relations  of  our  body  to  the  things 
around  us  in  great  measure  by  sight  and  touch  ;  we  also  learn  much  by  our 
muscular  sense.  But  there  is  something  besides  these.  Neither  Aight  nor 
touch  nor  muscular  sense  can  help  us  when,  placed  perfectly  flat  and  at  rest 
on  A  horizontal  rotating  table,  with  the  eyes  shut  and  not  a  muscle  stirring, 
we  attempt  to  determine  whether  or  not  the  table  and  we  with  it  are  being 
moved,  or  to  ascertain  how  much  it  and  we  are  turneil  to  the  right  or  to  the 
left.  Yet  under  such  circumstances  we  are  conscious  of  a  change  in  our 
position,  and  some  observers  have  been  even  able  to  pass  a  tolerably  success- 
ful judgment  as  to  the  angle  thnmgh  which  they  have  been  moved.  There 
can  be  no  doubt  that  such  a  judgment  is  based  upon  the  interpretation  by 
cousciousness  of  atfercnt  impulses  which  are  dependent  on  the  |>osition  of  the 
body,  but  which  are  not  afferent  impulses  belonging  to  sensations  of  touch  or 
sight,  or  taking  part  io  the  muiioular  sense.  And  it  is  urged  with  great 
plausibility  that  the  afferent  impulses  in  qtieslion  are  those  which  we  nave 
just  referred  to  as  started  in  the  semicircular  camils. 

If  we  admit  the  existence  of  such  ampullar  impulses,  if  we  may  venture  so 
to  call  them,  and  recognize  them  ascontributinglargely  not  only  to  our  direct 
perception  of  the  position  of  the  head  and  thus  of  the  body,  but  also  in  a  more 
indirect  way  to  what  wc  have  called  the  scnst;  of  equilibrium,  we  should 
expect  to  find  that  when  they  are  abnormal  the  sense  of  equilibrium  is  dis- 
turbed, and  that  in  consequence  a  tailuro  of  coordination  in  our  movements 
results.  And  the  loss  of  coilrdinatiDU  which  we  described  above  as  resulting 
from  injury  to  the  semicircular  canals  has  accordingly  been  attributed  to  a 
deficiency  or  disorder  of  normal  nnipnllnr  impulses. 

But  we  must  here  distinguish  between  two  things.  It  seems  cle^ir  that 
when  the  membranous  canals  are  injured  or  otherwise  stimulated,  afferent 
impulses  are  generated  which,  un  the  one  hand,  may  produce  peculiar  move- 
ments of  the  head,  and  on  the  other  hand,  seem  able  when  the  injury  is  large 
to  cause  a  h)sa  of  conrrlination  of  btMlily  movements.  But  it  does  not  neces- 
sarily follow  from  this  that  in  a  normal  condition  of  things  afferent  impulses 
are  continually  passing  up  to  the  brain  from  the  semicircular  canals,  and 
that  the  loss  of  coordination  which  follows  upon  injury  to  the  canals  is  due 
(o  these  normal  impulses  l}eing  deficient  or  altered.  It  may  be  that  such 
normal  impulses  do  not  exist,  and  that  the  loss  of  coordination  is  the  result 
of  the  central  machinery  for  c<Wlrdination  being  interfered  with  by  quite  new 
impulses  generated  by  the  injury  to  the  canal  with  the  consequent  loc«  of 
toaolymph  acting  as  a  stimulus  to  the  endings  of  the  nerve.  For  the  expe- 
rience quoted  above,  though  it  proves  that  afferent  impulses  other  than  those 
of  sight,  touch,  and  the  muscular  sen^e  do  reach  the  brain  and  afford  a  basis 
for  a  judgment  as  to  the  position  of  the  body,  does  not  by  itself  prove  that 
those  impulses  come  from  the  semicircular  canals;  the  arrangement  of  ihe 
canals  is  undoubtedly  suggestive  ;  but  it  is  quite  possible  that  the  afferent 
impulses  in  question  may  be  generated  by  one  or 'other  of  various  changes, 
vasomotor  and  others,  of  the  tissues  of  the  body  which  are  involved  in  a 
change  of  [xisition.  And  if  it  be  true  as  affirmed  by  some  observers,  that 
both  auditory  nerves  may  be  completely  and  permanently  severed  without 
any  efliect  on  the  coordination  of  movements,  it  is  obvious  that  the  incoordi- 
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nation  which  fallows  upon  section  of  the  semicircular  canals  is  due  to  some 
Bpeciftl  irritation  set  U]>  by  the  operation,  and  not  to  the  mere  absence  of  any 
normal  ampullar  impulsea,     Oti  the  ivther  liuad,  if  the  effecta  are  those  of' 
irritation,  it  U  Hiffieult  to  unHoratand  how  they  can.  as  according  to  certain 
observers  they  certainly  do,  become   permanent.      It   has,   however,   l>een 
strongly  urged  that  in  such  cases  of  permanent  incoordination,  the  o[>eration 
has  set  up  secondary  mischief  iu  the  brain,  in   the  cerebellum   for   instAnce, 
with  which,  as  we  have  seen  (§  619),  the  vestibular  auditory  nerve  make* 
special  connections,  and  that  the  permanent  effects  are  really  due  t^")  the  dis- 
ease going  on  here ;  and  we  have  reason,  as  we  shall  see,  to  think   that  the 
cerebellum  is  concerned  in  the  coordination  of  niuvemeuts.     It  cannot  there- 
fore 1>e  regarded  as  settled  that  the  canals  are  the  source  of  normal  impulses, 
or  that  our  conscious  appreciation  of  the  position  of  the  head  and  so  of  thftl 
body  in  space  is  based  on  such  impulses.     But  such  a  view  is  not  disproved ;' 
and  in  any  case  it  remains  true  that  injury  to  the  canals  does  in  some  way* 
or  other,  either  hy  generating  new  impulses  or  by  altering  preexisting  ones, 
so  modify  the  How  of  atfereni  impulses  into  the  machinery  of  coi>rdination 
as  to  throw  that  machinery  cmt  of  gear. 

!i644.  We  have  dwelt  on  these  phenomena  of  the  semicircular  canali 
because  lliey  illustrate  in  a  striking  manner  the  iraf>ortant  part  played  byj 
aflereut  impulses  in  the  coordination  of  movements.  We  saw  reason  t«' 
think  i^§  590)  that  even  in  an  ordinary  reflex  movement  carried  out  hy  ihe* 
spinal  cord  or  by  a  portion  of  the  cord,  afferent  impulses,  other  than  th^ts*^ 
which  excite  the  movement  are  at  work,  determining  such  coordination  ai' 
13  present.  In  such  a  case  the  coi'rdinating  afferent  impulses  are  relatively^ 
simple  in  character  and  start  chietly  at  all  events  in  the  muscles  concerned. 
In  an  animal  possessing  the  lower  parts  of  the  brain,  though  deprived  of  the 
cerebral  herai-npheres,  tne  coordinating  atfereut  impulsea,  in  acconlance  with 
the  greater  diversity  and  complexity  of  the  movements  which  the  animal  is 
able  to  execute,  are  far  more  potent  and  varied.  Besides  afferent  impul*es 
from  the  muscles,  forming  the  basin  of  what  we  have  called  the  muscular 
sense,  afferent  impulses  from  the  skin,  forming  the  basis  of  the  sense  of  touch 
in  the  wide  meaning  of  that  word^  other  afferent  impulses  of  ol)ecu re  char- 
acter from  the  viscera  and  various  tissues,  and  the  peculiar  afferent  ampullar 
impulses  of  which  we  hiive  just  8|Hiken,  im|>*>rfant  special  afferent  impuh 
borne  along  the  nerves  of  sight  and  hearing  come  into  play.  The  frog,  tl 
bird,  and  even  the  mammal,  deprivefl  of  the  cerebral  hemispheres,  though  it 
may  show  little  signs  or  uoue  at  all  of  having  a  distiucl  volition,  is,  as  we 
have  urged,  indubitably  affected  by  visual  and  auditory  impressions,  and 
whether  we  admit  or  not  timt  such  an  animal  can  rightly  be  spoken  of  as 
being  conscious,  we  cannot  resist  the  conclnsion  that  afferent  im pulses  started 
in  its  retina  or  internal  ear  produce  in  its  central  nervous  system  changes 
similar  to  those  which  in  a  conscious  auiiiial  form  the  basis  of  visual  and 
auditory  sensations,  and  we  must  either  call  these  changes  sensations  or  find 
for  them  some  new  word.  Whatever  we  call  them,  and  whether  conscious- 
ness is  distinctly  involved  in  them  or  not,  they  obviously  play  an  important 
part  as  factors  of  the  coordination  of  movements.  Indeed,  when  we  appeal 
to  the  experience  of  ourselves  iu  passeaaion  of  consciousness,  we  tind  that 
though  various  sensations  dearly  enter  into  the  co<>rdination  of  our  move- 
ments, we  carry  out  movements  thus  co<»rdinated  without  being  distincCly 
aware  of  these  coordinating  factors.  In  every  movement  which  we  make 
the  coordination  of  the  movement  is  dependent  ou  the  impulses  or  influences 
which  form  the  basis  of  the  muscular  sense,  yet  we  are  not  distinctly  con- 
scious of  these  impulses;  it  is  only,  as  we  shall  see,  by  special  analysis  that 
we  come  to  the  conclusion  that  we  do  possess  what  we  shall  call  a  muacuUr 
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«eu9e.     So  again,  taking  the  matter  from  a  somewhat  different  point  of  view, 

many  of  our  movements,  markedly,  an  we  shall  see,  those  of  the  oyehalls,  are 

coOrtlinaied  by  visual  sonsationa,  and  when  we  sing  or  when  we  danoe  to 

ininic  our  movements  are  coordinated  hy  the  help  of  seu&atiuna  of  sound.     In 

'these  cases  difttioct  sensations  in  the  ordinary  sense  of  the  word  intervene ;  if 

"we  cannot  see  or  cannot  hear,  the  movement  fails  or  is  imperfect ;  yet  even 

in  theae  cases  we  are  not  directly  c'ousoious  of  the  eensations  as  coordinating 

ikct<>rB;  it  needs  careful  analysis  to  [»rove  that  the  success  of  the  movement 

ma  really  dependent  on  the  sound  or  on  the  sight.     These  and  other  facta  sug- 

geet  the  view  that  the  point  at  which  the  various  afferent  impulses  which 

^orm  the  basis  of  the  sensations  of  a  conscious  individual  enter  into  the  co*n^ 

<«linating  mechanism  is  or  may  be  some  way  short  of  the  stage  at  which  the 

■complete  conversion  of  the   impulse   into  a  perfect  sensation  takes  place. 

The  events  which  constitute  what  we  umy  call  visual  impulses,  as  these  leave 

%he  retina  to  sweep  along  the  optic  nerve,  are  we  must  admit  very  different 

^rom   those  which  in  the  appnipriate  parts  of  the  brain  constitute  what  we 

Aiay  call  conscious  vision  ;  and  j)rol.nibly  between  the  beginning  and  the  end 

Xhere  are  progressive  changes.    It  is  probnble,  we  say,  that  these  visual  events 

3nay  affect  the  couniinating  mechanism  at  some  stage  of  their  progress  before 

"t-hev  reach  their  final  and  perfect  form.     If  this  be  so  we  may  further  con- 

-^lude  that  though,  when  the  whole  nervous  machinery  is  present  in  its  entirety, 

%he  afferent  impulses  which  take  part  in  coiirdinutiou  must  inevitably  at  the 

^me  time  give  rise  to  conscious  sensations,  they  might  still  effect  their  co^ir- 

■<]inating  work,  when,  owing  to  their  im|>erfection  or  lack  of  the  terminal 

part  of  the  nervous  machinery,  the  iin|iiilsi?<i  failed  to  receive  their  ffnal  trans- 

jbrmation,  and  conscious  sensations  were  absent.     In  other  words^  the  coor- 

<linating  influences  of  sensory  or  afferent  impulses  are  not  essential  ly  dependent 

-on  the  existence  of  a  distinct  consciousness, 

^  646.  We  have  raised  this  point  partly  for  the  sake  of  illustrating  the 
irorking  of  the  coordination  machinery  in  the  absence  of  the  cerebral  hemi- 
Vfuheres,  but  also  in  order  to  aid  In  the  interpretation  of  the  subjective  condi- 
tion which  we  sf>enk  of  as  giddiness  or  dizziness  or  vertigo.  We  compared 
the  condition  of  the  pigeon  afler  an  injury  to  the  semicircular  canals  to  that 
-of  a  person  who  is  giddy  or  dizzy,  and,  indeed,  vertigo  is  the  subjective  ex- 
pression of  a  disarrangement  of  the  coordination  machinery,  especially  of 
'ibat  concerned  in  the  maintenance  of  bodily  equilibrium.  It  may  be  brought 
.aibout  in  many  ways.  When  a  constant  current  of  adequate  strength  is  sent 
through  the  head  from  ear  to  ear,  we  experience  a  sense  of  vertigo;  our 
anoTemenls  then  apj)ear  to  a  bystander  to  fail  in  coordination,  in  fact  to 
resemble  those  of  a  pigeon  whose  semicircular  canals  have  been  injured; 
.flmd,  indeed,  the  effects  are  probably  produced  in  the  same  way  in  the  two 
^Xfles.  In  what  is  called  Mf/ui^re's  disease  attacks  of  vertigo  seem  to  beaaso- 
<tated  with  disease  in  the  ear,  being  attribute<l  by  many  to  disorder  of  the 
semicircular  canals,  and  cases  have  been  recorded  of  giddiness  as  well  as 
•deaftiess  resulting  from  disease  of  the  auditory  nerve.  Visual  sensations  are 
yery  potent  in  producing  vertigo.  Many  persons  fee!  giddy  when  they  look 
at  a  waterfall ;  and  this  is  a  case  in  which  both  the  sense  of  giddiness  and 
the  disarrangement  of  coc>rdination  is  the  result  of  the  action  of  a  pure  sen- 
«aii<in  and  nothing  else.  In  the  well-known  intense  vertigo  which  is  caused 
by  rapid  rotation  of  the  body  visual  sensation  plays  a  part  when  the  rotation 
is  carried  on  with  the  eyes  of^en.  but  only  a  part ;  for  vertigo  may  be  induced, 
though  not  so  readily,  by  rotation  with  the  eyes  completely  shut.  In  tlie 
I  latter  case  it  has  been  suggested  that  the  vertigo  is  caused  by  abnormal  Hm- 
[  pullar  impulses,  but  these  can  only  contribute  to  the  result  which  is  in  the 
I       main  caused  by  direct  disturbance  of  the  brain.     When  the  rotation  is  car- 
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rie<1  out  with  the  eyes  open,  the  verti^r»  which  is  felt  when  the  rotation  ceased 
is  partly  caused  by  the  visual  sensatious,  on  account  of  the  behavior  of  the 
eyeballs,  ceasing  to  he  in  harmony  with  the  rest  of  the  sensations  and  afferent 
inipiil:*es  which  help  to  make  up  the  coordination.  The  rotation  seta  up 
pffculiar  oscillating  movemeuts  of  the  eyeballa,  which  continue  for  some  time 
nflor  the  rotation  has  ceased  ;  owing  to  these  movemenla  of  the  eyeballa  the 
visual  j^ensations  excited  are  such  as  wouhl  be  excited  if  external  objects  were 
rapidly  moving,  wherciiB  all  the  other  sensations  and  impulses  which  are 
affecting  the  central  nervous  system  are  such  as  are  excited  by  objects  at  rest. 
In  a  normal  state  of  things  the  visual  and  the  other  sensations  and  impulaee, 
which  go  to  make  up  the  coordinating  machinery,  are  in  accord  with  each 
other  in  reference  to  the  events  in  the  external  world  which  are  giving  rise 
to  them  ;  after  rotation  they  are  for  a  time  in  disact^ord,  and  the  coordinating 
machinery  is  in  conifequence  disarranged. 

When  we  interrogate  our  own  consciouauess,  we  find  that  we  are  not  dis- 
tinctly conscious  of  this  disaccord  ;  the  visual  sensations  are  so  prepotent  in 
consciousness  that  we  really  think  the  external  world  is  rapidly  whirling 
round  ;  all  that  we  are  furthercouscioiisof  is  the  feeling  of  giddineee  and  our 
inability  to  made  our  bodily  movement  harmonize  with  ourvisual  sensations- 
80  that  even  in  the  case;!  where  the  loss  of  coordination  is  brought  by  diatinoi 
sensations  what  we  really  appreciate  by  means  of  our  consciousness  is  the 
disarrangement  of  the  coordinating  machinery.  It  is  the  appreciation  of 
this  disorder  which  constitutes  the  feeling  of  vertigo;  both  the  feeling  nf 
giddine^  and  the  disoniere<l  movements  are  the  outcome,  one  subjective  and 
the  other  objective,  of  the  same  thing.  It  is  not  because  we  feel  giddy  that 
we  stagger  and  reel ;  our  movements  are  wrong  because  the  machinery  is  at 
fault,  and  it  is  the  faulty  action  of  the  niachii^ery  which  also  makes  us  feel 
giddy. 

We  may  here  perhaps  remark  that  it  is  an  actually  disordered  condition 
of  the  coordinating  mechanism  whioh  gives  rise  to  the  art'ection  of  conscioui*- 
ness  which  we  call  giddiness,  not  a  mere  curtailing  of  the  mechanism  or  any 
failure  on  its  part  to  make  itt^elf  effective.  Complete  blindness  limits  the 
range  of  activity  of  the  machinery  but  leaves  the  remainder  intact,  and  no 
giddiness  is  felt.  St)  again  in  certain  diseases  of  the  nervous  system  the 
muscular  sense  is  interiereil  with  over  considerable  regions  of  the  botiy,  and 
in  these  regions  coordination  fails  or  is  imperfect,  but  the  central  machinery 
is  not  thereby  affected,  though  its  area  of  usefulness  is  limited,  and  no  giddi- 
ness is  experienced;  and  so  in  other  instanced. 

§  646.  Forced  mm^emeiiU.  So  far  we  have  dwelt  on  disorders  of  the  co- 
ordinating machinery  brought  about  by  the  action  of  various  afferent 
impulses.  We  have  now  to  call  attention  to  some  peculiar  phenomena  which 
result  from  operative  interference  with  parts  of  the  brain,  and  which  in  some 
instances  at  least  may  be  taken  to  illustrate  how  this  complex  machinery 
works  when  some  of  its  inner  wheels  are  broken. 

All  investigators  who  have  jierforraed  experiments  on  the  brain  have  ob- 
served, as  the  result  of  injury  to  various  parts  of  it,  remarkable  uinvements 
which  have  the  appearnnce  of  being  irresistible,  compulsorv,  forced.  They 
vary  much  in  the  extent  to  which  they  are  develo|>ed  ;  some  are  so  slight  as 
hardly  to  deserve  the  name,  while  others  are  strikingly  intense.  One  of  ihe 
most  common  forms  is  that  in  which  the  animal  rolls  incessantly  round  the 
longitudinal  axis  of  its  own  body.  This  is  es]>ecially  common  after  section 
of  one  of  the  crura  cerebri,  or  of  the  middle  and  inferior  peduncles  of  the 
cerebellum,  or  after  unilateral  section  of  the  pons,  but  has  also  been  wit- 
neaaed  afler  injury  to  the  bulb  and  corpora  quadrigemina.  Sometimes  ihe 
animal  rotate:*  toward  and  sometimes  away  from  the  side  o[)Grated  on.     An- 
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iCther  form  ifl  that  in  wiiich  the  animal  executes  "circus  niovements,"  /.  e., 

^Cuuiiuually  moves  round  am)  rounH  in  a  circle  of  longer  or  shi^rter  radius, 
imetimefi  toward  and  eometimoH  away  trom  ihe  injured  aide.     This  may  be 

^•een  after  several  of  the  above-meutiuned  operations,  and  in  one  form  or  an- 
other is  not  uncommon  atler  various  iinilaleral  injuries  to  Lhe  brain.  There 
ia  a  variety  of  the  circus  movement,  the  "clock-hand  movement,"  said  to 
occur  frequently  after  lesions  of  the  posterior  corpora  quadrigemina,  in  which 
the  animal  moves  in  a  circle,  with  the  h)ngitudinal  axis  of  its  body  as  a 
radius,  and  the  end  of  its  tail  for  a  centre.  And  this  form  again  may  easily 
pass  into  a  simple  rolling  movement.     In  yet  another  form  the  animal  rotat^ 

[over  the  transverse  axis  of  its  body,  tumbles  head  over  heels  in  a  series  of 
»mer«aults ;  or  it  may  run  incessantly  in  a  straight  line  backward  or  for- 
r«rd  until  it  is  slopped  by  some  olwfacle.  Tliese  latter  forms  of  forced 
movements  are  sometimes  seen  after  injury  to  the  corpus  striatum  even  when 
a  very  limitol  portion  of  the  gray  matter  is  affected.  And  many  of  these 
forced  movements  may  result  from  injuries  which  appear  to  be  contined  to 
le  cerebral  cortex. 

When  the  phenomena  are  well  developed,  every  effort  of  the  animal  brings 
on  a  movement  of  this  forced  character.  Left  to  iiself  and  at  rest  llie  ani- 
mal  may  i>re.«ent  nothing  ubnornird,  ita  posture  and  attitude  may  be  quite 
natural ;  but  when  it  is  excited  to  move  or  when  it  attemps  of  it^tf  to  move, 
it  executes  not  a  natural  movement  but  a  forced  one,  turning  round  or  roll- 
ing over  as  the  rase  may  be.  In  severe  oaaea  the  movement  is  continued 
antil  the  animal  is  exhausted  ;  when  the  exhauBtion  pa!^8es  off  the  animal 
may  remain  for  some  little  time  quiet,  but  some  stimulus,  intrinsic  or  ex- 
trinsic, stton  inaugurates  a  fresh  outbreak,  to  be  again  followed  by  exhaustion. 
In  some  uf  the  milder  forms,  that  for  instance  of  the  circus  movement 
with  a  long  radius,  the  curved  character  of  the  )>rogression  ap|)ear8  simph* 
due  to  the  fact  that  in  the  elfort  of  locomotion  volitional  impulses  d(»  not 
eain  such  ready  access  to  one  side  uf  the  body  as  trt  the  olh{::r^  the  injury 
Eaving  caused  some  obstacle  or  other.  Hence  the  contractions  of  the  nnis- 
dee  of  one  side  (the  left  for  instance)  of  the  body  are  more  powerful  than 
the  other,  and  in  consequence  the  Ixnly  is  continually  thrust  toward  the  other 
(^ihe  right)  side.  As  is  well  known,  we  ourselves,  when  our  walk  is  not 
guided  by  visual  sensations,  tend  to  descril>e  a  circle  of  somewhat  wide 
radius,  the  deviation  being  due  toa  want  of  bilateral  symmetry  in  our  limbs; 
and  the  above  circus  movement  is  only  an  exaggeration  of  this. 

But  the  other  more  intense  forms  of  forced  movements  are  more  compli- 
cated in  their  nature.  No  mere  blocking  of  volitional  impulses  will  explain 
mhy  an  animnl  whenever  it  attempts  to  move  rolls  rapidly  over  or  rushen 
irresistibly  forward  or  backward.  It  is  not  possible  with  our  present  knowl- 
edge to  explain  how  each  particulHr  kind  of  movement  is  brought  about; 
and,  indeed,  the  several  kinds  are  probably  brought  alxiut  in  diflerent  ways, 
for  they  differ  so  greatly  from  each  other  that  we  only  class  them  together 
because  it  is  difficult  to  know  where  to  draw  the  line  between  them.  But 
we  may  regard  the  more  intense  forms  as  illustrating  the  comi^lex  nature  of 
what  we  have  called  the  coordinating  machinery,  tlie  capabilities  of  wliich 
are.  so  to  speak,  disclosed  by  ita  being  damagetl.  Such  gross  injuries  as  are 
involved  in  dividing  cerebral  structures  ur  in  injecting  corrosive  substancea 
into  this  or  that  part  of  the  brain,  must,  of  necessity,  partly  by  blocking  the 
way  to  the  impulses  which  in  a  normal  stale  of  things  are  continually  pass- 
ing from  one  part  of  the  brain  to  another,  partly  by  generating  new  unusual 
impulses,  seriously  affect  the  due  working  of  the  general  coordinating  muchi- 
nerv.  The  fact  that  an  animal  con,  at  any  moment,  by  an  effort  of  ita  own 
will,  rotate  on  ita  axis  or  run    straight   forward,  shows    that  the  nervous 
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niecbanism  for  the  execution  of  thuee  movements  Is  rea<ly  at  hantl  io  ilfl 
brain,  waiting  only  to  be  Hischargcd ;  and  it  is  easy  ao  crmoeive  how  8uch|| 
discharge  might  be  affecte<l  either  by  the  substitution  for  the  will  of  some 
potent  intrinsic  atlereni  impulse  or  by  sonic  niiedircction  of  volitional  ini- 
pubes.  Persons  who  have  experienced  similar  forced  movements  as  the 
result  of  disease  report  that  they  are  frequently  accompanied,  and  seem  to 
be  cause*1,  by  dialiirned  visual  or  other  sc-nsfltions;  thus  they  attribute  their 
suddenly  falling  forward  to  the  occurrence  of  the  sensation  that  the  ground 
in  front  of  them  is  suddenly  sinking  away  beneath  their  feet.  Without 
trusting  too  closely  to  the  interpretations  the  subjects  of  these  disorders  give 
of  their  own  feelings,  and  remembering  what  was  said  above  concerning  ver- 
tigo, we  may  at  least  conclude  that  the  unusual  movements  are  in  many 
cases  due  to  a  disorder  of  the  coi'rdiuating  mechanism,  brought  about  by 
strange  or  disordered  sensory  impulses.  Ajid  this  view  is  supiMirted  by  the 
fact  that  many  of  these  forced  movements  are  accompanied  oy  a  peculiar 
and  wholly  abnormal  position  of  theeyes,  which  alone  might  perhaps  expUiu 
manv  of  the  ])heiiomena. 

§  647.  The  phenomena  presented  by  animals  deprived  of  their  cerebral 
hemispheres  show  that  this  nmchinery  of  coi>rdiuation  is  supplied  by  cerebral 
fttrnctures  lying  between  the  cerebral  hemisphere  above  and  the  top  of  the 
fcpinal  cord  below.  But  when  we  ask  the  further  i|ue9tion,  how  is  this 
machinery  related  to  the  various  elements  which  go  to  make  up  this  part 
of  the  brain  V  the  only  answers  which  we  receive  are  of  the  most  imperfect 
kind. 

In  the  case  of  the  frog  we  can, after  removal  of  the  cerebral  hemisphere*, 
make  an  e^cperimeutal  distinction  in  the  parts  left  between  the  optic  thalami 
with  the  optic  nerves  and  trncts^  the  optic  lol)C8,  and  the  bulb  with  the  rudi- 
mentary cerebellum.  When  the  optic  thalami  are  removed,  a«  might  be 
expected,  the  evidence  of  visual  impressions  modifying  the  movements  of 
the  animal  disappears;  and  it  is  stated  that  apparently  spontuuenus  mox'e- 
ments  are  much  more  rare  than  when  the  thalami  are  intact.  When  the 
optic  lobes  a-s  well  as  the  cerebral  hendsphcres  are  removed,  the  power  of 
balancing  is  lost;  when  such  a  frog  is  thrown  oH'  its  balance  by  iucliniag 
the  plane  on  which  it  is  placed,  it  slips  back  or  talis  down ;  the  special  co- 
ordinating mechanism  for  balancing  must,  therefore,  in  this  animal  have  a 
special  connection  with  the  optic  lobes.  But  after  removal  of  these  organs 
the  animal  is  still  capable  of  a  great  variety  of  coordinate  movements; 
unlike  a  frog  retaining  its  spinal  cord  only,  it  can  swim  and  leap,  it  main- 
tains a  normal  posture,  and  when  placed  on  its  back  immediately  regains 
the  normal  posture.  The  cerebellum  of  the  frog  is  so  small,  and  in  re- 
moving it  injury  is  so  likely  to  be  done  to  the  underlying  parts,  that  it 
becomes  difficult  to  say  how  much  of  the  coiirdination  apparent  in  a  frog 
poasessing  cerebellum  ami  bulb  is  to  be  nttribited  to  the  former  or  to  ibe 
latter;  pn>bably,  however,  thtj  i>an  played  by  the  former  is  small. 

In  the  case  neither  of  the  bird  nor  of  the  niamntal  h.'ive  we  any  exact 
information  as  to  the  behavior  of  the  animal  after  removal  of  the  parts 
behind  the  hemispheres,  in  addition  to  the  hemispheres  themselves.  Our 
knowledge  is  cfrntioed  to  the  results  of  the  ablation  or  of  the  stimulation  of 
parts,  the  cerehellum  for  instance,  in  animals  in  which  the  re^t  of  the  brain 
has  been  left  intact.  Observations  of  this  kind  have  disclosed  many  inter- 
esting facts,  besides  the  forced  movement*  just  referred  to,  but  they  have  not 
led  to,  and  indeed  a^uld  hardly  be  expected  to  lead  to,  any  clear  vi<'ws  ns  lo 
the  point  which  we  are  now  discussing.  It  does  not  follow  that  every  part, 
injury  or  stimulation  of  which  interferes  with  coordinated  movemenis,  or 
gives  rise  to  definite,  forced,  or  other  movements,  is  to  be  considered  as  part 
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of  the  macbioery  under  consideration.  The  corpora  striata  and  cerebral 
bemispberes  form,  as  we  have  eeeu.  nu  part  of  tbe  iiiucbiuery,  yet  injury  to 
ibein  may  disorder  the  machinery;  and  the  fact  that  removal  of  or  injury 
to  tbe  cerebellum  disorders  tbe  machiuery  is  no  proof  by  itself  that  tbe 
cerebellum  in  an  ei!i8ential  part  of  tbe  nmchiiiery. 

If  we  may  trust  to  deductiona  fmni  sLrucluru!  arrangements,  we  might  be 
jnclined  to  infer  that  tbe  aiiaUmiioal  relations  of  what  we  have  called  tbe 
tegmental  region  from  the  bulb  upward  point  to  its  nerving  as  the  foundation 
of  tbe  machinery  in  Queetion.  Behind  it  ha^  fuU  connections  with  various 
|Mirtd  of  tbe  cord,  while  in  front  by  means  of  the  optic  tbulami  and  anterior 
corpora  quadrigemina,  if  not  by  other  ways  as  well,  it  is  so  far  associated 
with  the  optic  nerves  that  the  path  seems  open  for  visual  impulses  to  gain 
taccese  to  it.  To  this  foundntior^  however,  we  must  add  the  cerebellum,  on 
account  of  its  relations  to  it,  to  the  cord,  and  to  the  bulb  through  the  resti- 
form  b<xlies,  including  its  ties  with  the  auditory  nerve.  And  if  we  add  the 
cerebellum  we  inuat  alao  probably  add  the  pons.  We  may  exclude  the  pes 
of  the  cruB,  since  this  is  composed  exclusively  of  iibres  bringing  the  cerebral 
hemispheres,  including  the  corpora  Btriata,  into  connection  with  the  pone, 
bulb,  and  cord,  and  so  with  the  coordinating  machinery  itself,  as  well  as 
with  other  parts  of  the  nervous  system.  And  observation,  as  far  as  it  goes, 
supports  this  deduction  from  anatomical  relationships.  We  will,  however, 
defer  what  else  we  have  to  say  on  this  |Miint  until  afler  we  have  discUBsed 
the  carrying  out  of  voluntary  movements. 
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{  648.  The  white  matter  of  the  brain,  as  we  have  already  said,  like  that 
of  the  spinal  cord,  consists  of  medullated  fibres  of  vurioua  sizes  imbedded 
in  neuroglia  and  supported  by  septa  of  connective  tissue  derived  from  the  pia 
mater.  Jrave  that  cells,  or  even  groups  or  rows  of  cells,  for  the  most  part 
final]  cells,  about  luany  of  which  it  may  be  debated  whether  they  arc  nerve- 
cells  or  neuroglia  cells,  are  fre(|uentlyseen  between  the  6bres  and  bundles  of 
fibres,  tbe  while  matter  of  the  brain  seems  essentially  identical  with  that  of 
the  spinal  cord. 

The  gray  matter  of  the  brain  in  general  also  corresponds  to  the  gray 
iDa,tter  of  the  cord  in  consisting  of  branching  nerve  cells,  fine  medullnied 
fibres  of  peculiar  nature,  non-me<lu11ated  fibres  and  tibrils,  with  a  few  ordi- 
nary medullated  IJbrcs,  all  HU|)[>orted  in  neuroglia. 

Tbe  ** central"  gray  matter  is  extremely  like  that  of  the  cord  except  that 
the  nervous  elements  are  imbedded  in  a  relatively  larger  tjuantity  of  neu- 
roglia. Immediately  underneath  the  epithelium  lining  the  several  ventricles 
aod  the  aoueduct.  the  neuroglia  is  especially  develojxxl,  forming  a  distinct 
layer  which  may  he  regarded  as  a  continuation  of  the  ctMitral  gelatinous 
WiMtance  of  the  apinal  cord,  and  which,  with  the  epithelium  overlying  it, 
forms  what  is  knowu  as  the  epindyma.  Tbe  "  nuclei "  of  tbe  cranial  nerves 
are,  as  we  have  seen,  ctmiparablc  to  the  groups  of  ncrvc-cells  in  the  spinal 
cord. 

A  great  deal  of  the  gray  matter  of  tbe  brain  may  be  spoken  of  as  more 
'^diffuse"  or  "scattered,**  more  broken  up  by  bundles  of  fibres  than  is  the 
ca«e  in  the  spinal  cord.  The  "  reticular  formation  "  of  tbe  bulb  and  of  the 
tei^mental  regi<m  is  an  extreme  form  of  this  diffuse  gray  matter.  And  even 
in  such  collections  of  indubitable  gray  matter  as  the  corpus  striatum,  optic 
thalamuB,  and  ihe  like,  the  pure  gray  matter,  if  we  may  use  the  term,  is 
much   more  interrupte<l  and   broken  up  by  conspicuous  bundles  of  white 
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fibres  tlmii  is  the  case  iu  any  region  of  the  Bpiual  cord.  In  the  corpom 
quudrigemiiia  the  gray  luatLer  is  broken  up  by  sheets  or  hiindlce  of  white 
matter. 

The  nerve-celle  of  the  several  collections  uf  gray  matter  are  not  all  alike; 
they  present  in  different  regions  differences  in  size,  form,  and  in  other  char- 
acters. The  cells  of  the  nucleus  e^kudatus,  for  instance,  are  rather  small  and 
often  round  or  spindle  shaped,  while  those  of  the  optic  thnlnniue  are  large, 
branched,  and  rich  in  pigment.  The  cells  of  the  substantia  nigra  are  spindle- 
shaped,  of  moderate  size,  and  so  loaded  with  thick  pigment  (in  man)  as  to 
justify  the  name;  those  of  the  locns  cterulena  are  very  large  and  spherical, 
with  just  so  much  pigment  as  to  give  a  bluish  tint  But  our  knowledge  of 
the  Kncr  histological  details  of  the  various  maRses  of  gray  matter  is  at  present 
tt)o  imperfect  to  afford  any  basis  whatever  for  physiological  deductions;  and 
it  will  be  hardly  pri>fitable  to  dwell  upon  tlienK  Two  regions  uf  gray  matter 
alone  call  for  special  dej^crlption,  the  cortex  cerebri  and  the  superficial  gray 
matter  of  the  cerebelhim. 


The  mperjicial  ffray  matter  of  the  cerebellum, 

§  649.  The  surface  of  the  cerebellum  is  increased  by  being  folded  or 
plaited  into  leaf-like  folds,  and  each  of  these  primary  folds  la  similarly 
tblded  into  a  number  of  secondary,  also  leaf-like,  folds  or  lamellae.  Each 
of  thesis  Jamollie  consists  of  ii  central  core  of  white  matter,  the  fibres  of 
which  pas8  inward  to,  and  contribute  to  form  the  central  white  matter  of  the 
cerebellum,  and  of  a  superficial  layer  of  gray  matter.  A  section  through 
a  lanielln  perpendicular  to  the  surface  shows  that  the  gray  matter  consifits 
essentially  of  two  layers:  a  layer  lying  next  to  the  white  matter  formed  by 
densely  crowded  small  celb,  called  the  ntirlenr  layer,  and  between  this  and 
the  superfiuial  pia  mater  a  much  thicker  layer  of  peculiar  nature,  called  the 
moUcular  layer,  Helween  thei*e  tw<»  layers,  and  connected,  as  we  shall  see, 
with  both  of  them,  lies  a  row  of  very  large  and  remarkable  cells,  called  {he 
velle  of  Purktnjt,  the  bodies  of  which  abut  on  the  nuclear  layer,  and  the 
long  branches  of  which  traverse  the  molecular  layer;  these  cells  so  placed 
may  be  said  to  constitute  a  third  layer.  Before  proceeding  further,  we  may 
here  remark  that  a  section  of  the  lamelhc,  that  is,  one  of  the  secondary,  not 
one  of  the  primary,  folds,  while  still  remaining  a  vertical  section  (that  ii 
j)erpendicular  to  the  surface)  may  be  carried  through  the  lamella  in  ditfereot 
planes,  and  that  of  these  severul  planes,  the  sections  taken  in  two  of  them 
are  especially  instructive,  namely,  the  i>ne  taken  in  what  we  may  call  the 
longitudinal  plane,  pasifing  from  the  top  <tf  the  lamelhi  to  \is  base,  and  the 
one  taken  at  right  angles  to  the  iornier,  in  what  we  may  call  the  trauaveraa] 
plane.  The  nuclear  layer  and  the  molecular  layer  present  the  same  broai 
features  in  both  luugitudinal  and  transverse  sections,  but  the  long  branched 
proce^es  of  the  celtb  of  FurkiujO  since  they  run  in  the  transverse  plane  are 
adequately  seen  in  I  ransvcrse  sections  only  ;  longitudinal  sections  show  onlv 
their  profiles. 

The  molecular  layer  is  of  a  peculiar  nature.     In  many  modes  of  prepars' 
tion  and  in  many  sections  it  appears  chiefly  composed  of  a  granular  or  doti 
ground  substance;  hence  the  name  molecular,  lu^  if  it   were  an  oggregatiuid 
of  molecules.     The  doti*,  however,  arc  sections  of  fine  fibril*.  a<irae  of  wtui*b 
are  neuroglia  fibrils  but  others  are  uu{ionbtedly  nervous.    The  layer  ooasist 
in  fact  partly  of  nervous  elements,  and  here  perhaps  even  more  than  eh 
where  it  is  extremely  dilficuk  to  say  with  regard  to  many  of  the  elemental 
whether  they  are  neuroglial  or  nervous  in  nature.     A  considerable  portion 
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of  the  whole  area  of  the  molecular  layt^r  is  taken  »p  by  the  conspicuous 
br&uched  processes  of  the  cells  of  Piirkinje;  and  scattered  about  lie  nunier- 
jOus  amall  cells,  some  of  which  arc  neuroglia  cells,  but  some  of  which  are 
tinduubtedly  nervecolla.  The  most  conspicuous  feature  of  the  layer,  how- 
ever, is  the  presence  iu  large  tiurubers  of  the  One  librils;  l)ut  betbre  we  8f>eak 
of  these  it  will  be  desirable  to  turn  to  the  cells  of  Purkiuje  and  the  nuclear 
layer. 

The  cell  of  Purkinj<5  [Xjeseases  a  large  (40  ^  by  30  ft)  flask-shaped  body, 

[fturroundtng  a  large,  conspicuous,  clear,  rounded  nucleus;  it  has  much  the 

Appearance  of  a  large  ganglion  cell.    The  base  of  the  Mask  rests  on  the  nuclear 

kJayer.  and  from  it  there  proceeds  a  single  axis-cylinder  process  which,  passing 

through  the  nuclear  layer  somewhat  obliquely,  and  in  its  passage  acquiring 

a  metiulla,  joins  the  central  white  substoince  ana  niedullated  fibre.    The  cells, 

|98  we  have  said,  form  a  single  layer  only,  but  since  this  covers  the  nuclear 

■layer  over  the  wh(»le  of  the  lamella,  a  f?ouaiderable  number  of  the  fibres  of 

the  while  central  matter,  though  only  a  very  small  fraction  of  the  whole,  are 

ihusderivcii  from  these  cells  o^  Purkinjt''.     The  narrowed  neck  of  the  flask 

running  outward  in  the  molecular  layer  divides  in  an  arborescent  fashion  into 

a  large  number  of  branches  which,  spreading  out  laterally  in  the  transverse 

Ijlnne  and  stretching  oa  far  as  the  surfiice,  ramify  through  the  molecular 
aver,  and  are  eventually  lost  to  view  as  exceedingly  fine  fibrils.  Some 
observers  maintain  that  some  of  the  iine  processes  are  continuous  with  pro- 
ooMBof  the  small  nerve-o^'tls  of  the  molecular  layer,  but  this  ts  not  admitted 
by  all.  In  any  case  the  fibrillar  terminations  of  these  cells  of  Purkinj^;  con- 
tribute to  the  fine  fibrils  of  the  molecular  layer. 

The  nuclear  layer  in  ordinary  stained  Bj>e-cimens  has  the  appearance  of  a 
matt  of  nuclei  cluselv  crowded  together  m  a  bed  of  reticular  nature;  and 
mnee  the  nuclei  usually  stain  deeply,  the  layer  stands  out  in  strong  contrast 
to  the  much  le^is  deeply  stained  molecular  layer.  Careful  examination  with 
S|)ecial  modes  of  preparution  shows^  howevcir,  that  while  scune  of  thi;  nuclei 
are  nuclei  belonging  to  neuroglia  and  bloodvessels,  the  majority  belong  to 
atnall  nerve-cells  of  a  ]>eculiar  nature.  In  these  cells  the  nucleus  is  sur- 
n>unded  by  cell  substance,  which,  forming  a  thin  layer  immediately  around 
the  nucleus,  is  chiefly  disposer]  as  thin  spreading  branches,  some  of  which  end 
in  a  peculiar  arborescence  not  unlike  a  muscle  endplate;  these  processes  coo- 
tribute  with  the  neuroglia  to  form  the  reticular-looking  bed  spoken  of  above. 
No  process  can  be  traced  inward  to  the  central  white  matter;  but  one  of  the 
procesFies  gives  off  a  branch,  which  passing  vertically  outward  lake^  on  the 
appearance  of  a  delicate  axis-cylinder  process  and  runs,  without  dividing, 
into  the  molecular  layer  for  a  variable  distance,  sometimes  reaching  close  to 
the  surface,  but  at  last  divides  at  right  angles  into  two  fibrils,  which  run  in 
the  longitudinal  plane  in  opposite  directions  for  a  considerable  distance,  and 
are  ultimaiely  lost  to  view.  Since  these  cells  in  the  nucle^ir  layer  are  very 
numerous  and  each  gives  rise  in  the  above  manner  to  longitudinal  fibrils,  the 
molecular  layer  is  traversed  by  a  multitude  of  fibrils,  visible  as  such  in  longi- 
tudinal sections,  but  appearing  as  dots  in  transverse  sections,  in  which  the 
evil*  of  Purkiiije  are  best  displayed. 

Besides  these  longitudinal  fibrils  proceeding  from  the  cells  of  the  nuclear 
layer,  special  modes  of  preparation  simibirly  disclose  numerous  transverse  as 
well  as  more  or  less  oblique  fibrils.  Many  of  these  appear  to  result  from  the 
branching  of  the  small  nerve-cella  of  the  molecular  layer,  and  some  of  those 
BO  arising  descend  to  the  layer  of  the  cells  of  Purkinju  and  end  around  the 
bodies  of  thoae  cells  in  remarkable  nests  of  fibrils,  without,  however,  actually 
makiug  connectiotis  with  them. 

The  medullated  fibres  uf  the  central  white  matt«r  of  a  lamella  pass  on  all 
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sides  into  the  luiclcar  layer;  or,  put  in  another  way.  niedullated  fibree  pRflfl 
ing  out  of  the  nuclear  layer  at  all  points  converge  to  form  the  central  whit^ 
matter.  Home  of  tlieee  fibres,  a^  we  have  seen,  begin  or  end  in  the  cell*  of 
Purkinji*.  N(tne  of  theiu  appear  to  join  the  cells  of  the  nuclear  layer,  and 
we  have  no  evidence  that  any  of  them  end  or  begin  in  any  way  in  the  nuclear 
layer.  A  certain  number,  hiiwcver,  may  be  seen  to  p&sa  thmugh  the  nuclear 
layer  and  l)etween  tlie  cells  *>f  Purkini^  into  the  molecular  layer,  where  losing 
their  medulla  they  divide  aud  apparently  contribute  to  the  numerous  Kbrils 
of  the  molecular  layer.  The  prtsiinipiion,  therefore,  \s  thai  all  the  fibres  of 
the  white  matter  begin  or  eud  tither  in  the  ceila  of  Purkinje  or  the  fibrils  of 
the  molecular  layer. 

The  superficial  gray  matter  of  the  cerebellum  then  resembles  the  gray 
matter  of  the  spinal  cord  in  »o  fur  as  it  conBisls  of  branching  nerve-eelli». 
nerve-fibres,  and  nerve-fibrils  imbedded  in  neuroglia;  but  the  diB{K)ffltiou 
and  features  of  the  several  factors  are  peculiar.  \Ve  may  take,  perhaps,  as 
the  key  of  the  sLnicLure  the  fibrils  of  the  molecular  liLver  :  this  layer  is  rela- 
tively very  thick,  about  400  /i,  much  thicker  than  the  nuclear  which,  how- 
ever, varies  in  thickness,  beinj^  j^euerally  thickest  at  the  top  of  the  f(»M  ; 
hence  the  number  of  fibrils  iti  it  may  be  spoken  of  as  enormous.  These 
fibrils  seem  certainly  to  be  connected  on  the  one  hand  with  the  cells  of  the 
nuclear  layer,  and  on  the  other  hand  with  the  scattered  small  celU  of  their 
own  layer;  but  we  have  no  evidence  that  these  two  sets  of  fibrils  are  con- 
tinuous with  each  other:  nn  the  contrary,  it  seems  more  probable  that  the 
two  sets  of  cells  represent  two  independent  systems.  We  can  hardly  doubt 
that  these  fibrils  are  in  functional  connection  with  the  meduUated  fibres  of 
the  central  white  matter ;  but  we  have  no  clear  evi<lcnce  that  the  system 
of  scattered  cells  is  cnntinuous  either  with  the  cells  of  Purkiojc.  and  so  with 
the  medullated  fibres  belonging  to  those  cells,  or  with  the  medullated  fibres 
which  end  inde[ieudenLly  in  the  molecular  layer;  and  we  have  no  evidence 
at  all  that  the  system  of  the  cells  of  the  nuclear  layer  is  connected  with 
either.  We  can  hardly  think  otherwise  than  that  the  molecular  changes 
which  sweep  to  and  fro  along  the  tangle  of  these  fibrils  (wh««e  nutrition  i» 
probably  governed  aud  hence  whose  functional  activity  is  probably  regulated 
Dy  the  nuclear  and  scattered  celU  respectively)  are  infiuvnced  by  or  originate 
the  nervous  impulses  jiassing  along  the  medullated  fibres  of  the  white  inalier; 
and  hence  we  mosi  conclude  that  either  a  continuity  exists  which  has  as  yet 
escnped  detection,  or,  what  is  (]uite  [>08sible  if  not  probable,  that  one  Gbril 
can  act  upon  nnrither  by  simple  contact  or  even  at  a  distance.  Further. 
while  the  cell  of  I'nrkinj/-,  wilb  iis  large  cell-body  and  nucleus,  its  conspicu- 
ous axis-cylinder  proceirs  and  its  other  branched  pHKresses  presents  manv 
anaJogifs  with  a  motor  cell,  such  as  those  of  the  anterior  horn  of  the  spinel 
cord,  and  raises  the  presumption  that  the  impulses  which  move  along  its 
axis-cylinder  process  proceed  outward  from  the  cell  as  motor  or  at  least  as 
efferent  impulses,  we  have  no  direct  proof  that  this  is  so.  And  though  it  is 
tempting  to  suppose  that  the  other  niedullaLed  fibres,  which  like  the  fibre« 
of  a  posterior  root  are  lost  in  the  gray  matter,  without  the  intervention  of  a 
conspicuous  cell,  carry  aflerent  impulses,  we  have  as  yet  no  proof  of  this. 
AH  we  can  say  is  that  the  gray  matter  is  connected  in  two  different  ways 
with  at  least  two  sets  of  fibres,  which  probably,  therefore,  have  different 
functions. 

We  may  here  add  the  remark  that  the  large  l>ody  of  the  cell  of  Pnrkioje 
lies,  as  indeed  do  the  other  nervous  element-s.  in  an  appropriate  space  id 
the  bed  of  neuroglia.  Between  the  surface  of  the  cell  and  the  wall  of  neu- 
roglia is  a  space,  generally  so  narrow  as  U)  be  potential  rather  than  actual, 
but  which  may  Bometimes  be  considerable.     Whether  small  or  large  it  nta- 
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tains  lymph,  i\n<\  the  cnvity  in  which  the  cell  lies  is  in  connection  with  the 
lyuiphntice  of  the  brnin.  Each  cell  th»'n  lies  Id  a  lyni]>ii-8f)Bce;  hut  we 
merely  ineuiion  the  fact  now  ;  we  ahull  have  to  return  to  the  matter  when 
we  c^>me  to  ileal  with  the  lymphatic  and  vascular  arraDgeroents  of  the  brain 
and  i!|>inal  cord. 


7%c   Cerebral  Cortex, 

§  650.  While  the  superficia)  gray  matter  of  the  cerebellum  does  not  diH'er 
strikingly  as  to  its  histological  features  in  difierent  regions,  very  conaiderable 
differences  are  obfier\-ed  in  difierent  regions  of  the  cerebral  cortex.  A  gen- 
eral plan  of  structure  may  perhaj>8  he  recognized,  hut  as  we  pass  from  one 
part  of  the  cerebral  surface  to  another  we  find  modifications  continually 
taking  place.  We  nnist  content  ourselves  here  with  attempting  a  description 
of  the  general  plan  fnllowed  by  an  indication  of  the  more  striking  character- 
iacics  of  certain  regions. 

The  cortical  gray  matter,  having  an  average  thlckneas  of  about  3  ram.,  but 
varying  considerably  in  ditferent  regions  from  l.H  mm.  in  some  parts  of  the 
occipital  lobe  to  4.2  mm.  at  the  dorsal  summit  i>f  the  precentral  convolution, 
ia,  like  other  gray  matter,  coni|WK*ed  of  nerve-cella,  and  of  nerve  fibres  and 
fibrils  supported  by  neuroglia.  The  nerve-cells,  at  least  the  conspicuous  and 
easily  reci^gnized  nerve-cells,  are  scattered,  and  appear,  in  sections,  to  be 
imbedded  in  and  separated  from  each  other  by  a  not  inconsiderable  but 
variable  quantity  of  somewhat  peculiar  ground  substance,  not  unlike  that 
which  forms  so  large  a  jmrt  of  the  molecular  layer  of  the  cerebellum.  Part 
of  this  grttund  substance,  which  apparently  is  not  confined  to  any  particular 
layer,  but  stretches  throughout  the  thickness  of  the  cortex,  is  undoubtedly 
neuroglial  in  nature,  hut  j)art,  and  probably  the  greater  part,  is  nervous  in 
nature;  it  is  largely  com|x>sed  of  fine  librils  traversing  it  in  various  direc- 
ituDS,  the  transverse  sections  of  these  fihrils  giving  it  a  characteristic  dotted 
or  "  molecular"  appearance;  and  the  majority  of  these  fine  fibrils  are  prob- 
ably the  continuations  of  branching  nerve-cells  or  dividing  nerve-fibres,  the 
remainder  l)eing  nenn>glial  fibrils.  In  this  respect  it  resembles  the  raolec- 
olar  layer  of  the  cerebellum,  but  it  is,  to  a  much  greater  extent  than  is  that 
layer,  traversed  by  medullated  nerve-fibres,  especially  by  fine  medullaied 
fibres  like  those  seen  in  the  gray  matter  of  the  spinal  cord,  §  o64. 

The  nerve-cells  imbedded  in  this  ground  substance  in  more  or  less  distinct 
layers  are  of  various  kinds.  The  most  conspicuous,  abundant,  and  character- 
iatic  nerve-cells  found  in  the  cortex  of  all  regions  of  the  cerebellum  are  those 
which  from  their  shafie  are  called  pijrmnutal  rrfU,  These  vary  very  much  in 
size  and  have  been  distinguished  na  "small  pyramidal  *'  cells  averaging  12  ju 
in  length  by  H  fi  in  breadth,  and  "  large  pyramidal  "  cells,  sometimes  called 
"  ganglitinic  cells,"  of  which  the  mwlium  size  is  al>out  -11)  m  in  length  by  20  a* 
in  breadth.  Some  of  the  latter,  occurring  in  s[)ecial  regions,  are  of  very  large 
Bize,  120  /i  by  oO  h,  and  have  been  called  "  giant  cells." 

The  features  of  a  *'  large  pyramidal  "  cell  are  very  characteristic.  Such  a 
cell  appears  in  a  well-prepai-ed  vertical  section  of  the  cortex  as  an  elongated 
woeceles  iriangle  placed  vertically,  with  the  base  looking  toward  the  under* 
lying  white  substance  and  the  tapering  a[>ex  pointing  to  the  surface.  The 
cell  substance  is  finely  granulated  or  fibrillated,  the  tibrillie  sweeping  round 
in  various  directions  ;  it  not  unfrequentlv  contains  pigment.  In  tne  midst  of 
this  cell  substance  rather  near  the  base  lies  a  large,  clear,  conspicuous  round 
or  oval  nucleolated  nucleus.  At  the  base  the  cell  substance  is  prolonged 
ittto  a  number  of  processes.  One  of  these,  generally  starting  from  about  the 
middle  of  the  base,  runs  for  some  distance  without  dividing,  and  soon  acquir- 


804 


THE    BRAIN, 


ing  a  medulla  maybe  recognized  as  an  axis-cylinder  process;  the  fibre  tt^ 
which  it  gives  origin  sweeps  with  a  more  or  less  curved  course  into  the  sub- 
iacent  white  matter.  In  some  instances  the  axis-cylinder  process,  by  & 
T-division  like  that  seen  in  a  ganglion  of  a  posterior  root  l.§  97),  gives  riae 
to  two  fibres,  one  uf  which  may  take  a  horizontal  directiou  ;  in  some  r^ions 
of  the  cortex,  the  occipital  for  instance,  the  axis-cylinder  j)roce8B  is  said  to 
give  rise  by  division  to  several  fibres.  The  other  processes  from  the  base, 
especially  thcjse  from  the  angles  of  the  triangle,  rapidly  branch  into  fine 
fibrils  which  are  soon  lost  to  view  in  the  ground  substance.  The  apex  of 
the  triangle  is  also  prolonged  into  a  process,  which,  giving  off  line  lateral 
branches,  makes,  as  it  were,  straight  fur  the  surface,  but  ultimately  branch- 
ing into  fine  fibrils  is  lost  lo  view  at  some  distance  from  the  body  of  the  cell. 
1'he  cell  ties  in  a  cjivity  of  the  ground  substance,  which  it  appears  nnrmally 
to  fill,  but  i'rom  the  walls  of  which  it  sometimes  shrinks,  developing  between 
itself  anti  the  wall  of  the  cavity  a  space  which  may  contain  nut  only  lymph, 
but  occasionally  leucocytes.  In  prepared  specimens  the  reiraction  within  its 
cavity  of  the  artificially  shrunken  cell  may  be  often  observed. 

The  *' small  pyramidal  "  cells  have  much  tlicsamc  features;  that  is  to  sav. 
the  cells  are  characterized  by  their  pyramidal  form,  though  this  is  naturally 
not  so  distinct,  by  their  vertical  jjositioti,  and  by  the  possession  of  branching 
processes  which  are  lost  in  the  molecular  ground  substance;  the  presence, 
however,  of  a  midbasal  axis-cylinder  process  has  not  been  clearly  demon- 
Btrat-ed. 

Other  nerve-cells  are  more  like  the  ordinary  nerve-cells  of  the  spinal  cord 
and  of  the  internal  cerebral  gray  matter ;  they  are  branched  cells,  of  irw^- 
lar,  not  of  pyramidal,  form,  an<l  for  the  most  pan  small,  IS  ^  by  10  ^.  Tbey 
may  be  characterized  by  the  relative  large  size  (7  m)  of  the  nucleus,  and  do 
not  possess  an  axis-cylinder  process;  at  least, such  a  process  has  not  yet  been 
demonstrated.     They  are  frequently  spoken  of  as  "  angular"  cells. 

Another  kind  of  cell,  the  "  fusiforni  cell."  which  is  found  in  all  regions  of 
the  cortex,  has  a  characteristic  spindle-shape,  the  cell  substance  being  pro- 
longed at  the  opposite  poles  into  tapering,  ultimately  braneheil  proceteea. 
The  long  axis  of  the  celi  is  generally  placed  horizontAlly,  following  the  cur- 
vature of  the  cortex,  and  being  thus  at  the  sides  of  the  sulci  vertical  to  the 
surface  of  the  brain  ;  it  is,  however,  at  times  inc!ine<]  at  various  angles. 

Still  another  kind  of  cell,  the  **  granule  cell,"  or  "  nuclear  cell,"  b  one  iu 
which  the  nucleus  is  surrounded  by  a  relatively  small  ([uantity  of  cell  sub- 
stance, i)  ft  by  7  ft,  more  or  less  spherical  in  form  in  ordinary  preparations, 
but  probably  breaking  up  into  delicate  branched  processes.  Cells  of  this 
kind  are  sparsely  Bcatlered  throughout  the  cortex  generally,  but  in  particular 
regions — e.  <7.,  the  occipital — are  crowded  together  into  a  layer,  which  in 
many  resf^ecls  resembles  the  nuclear  layer  of  the  cerebellum,  and  has  been 
called  the  "granular  "  or  "  nuclear"  layer. 

Lastly,  throughout  the  cortex  are  found,  l>esides  indubitable  nerve-celia 
and  iudubit4ible  neuroglial  cells,  numerous  small,  somewhat  irregular  cells, 
concerning  which  it  may  be  debated  whether  they  are  really  nervous  or 
simply  neuroglial  in  nature.  Moreover,  in  using  the  names  given  al>ove  for 
the  various  kinds  of  nerve-cells,  it  must  be  remembered  that  many  transi- 
tional forms  are  observed  ;  cells,  for  instance,  may  be  seen  intermediate  in 
form  between  pyramidal  cells  and  "fusiform"  or  "angular"  cells. 

Ihe  medullated  ner\'e-fibres  which  take  part  in  the  cortex  may  be  con- 
sidered provisionally  as  forming  two  cat^ories.  Iu  the  first  place,  fibres 
sweep  up  vertically  into  the  cortex  from  the  subjacent  **  central  white 
matter."  taking  at  first  a  curved  course  as  they  enter  into  the  grav  matter, 
and  then  appearing  to  run  straight  toward  the  surface.     These  are  arranged 
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in  thf  deeper  levels  in  bundles,  lefiving  vertical  columns  of  the  gray  matter 
between  tlieiu ;  but  at  more  8Uf>er(icial  levels  the  bundles  spread  out  and  are 
crradually  lo6t  to  view,  licdidea  these  distinct  vertical  fibres  and  bundles  of 
fibres  of  the  ordinary  medi]llitte<l  kind,  which  wo  have  reason  to  think  are 
tbe  ends  (or  beginning)  on  the  one  hand  td'  lihres  of  the  \ieda\  and  tegmental 
systems,  and  on  the  other  hand  of  fibres  ot  the  corpus  callosum,  or  the  other 
ooron]iff«ural  fibres  spoken  of  a»  *'  association  "  fibres  ($  636j.  an  exceedingly 
large  number  of  fibres  of  the  peculiar  Knc  mediillated  kind  run  in  various 
directions,  forming  a  dense  network  in  the  ground  substance  of  the  gray 
matter  between  the  cells.  We  may  ad^I  ihut  this  system  of  fine  medtillated 
fibres  is  of  late  growth,  and  is  not  fully  develoi>ed  in  man  until  two  m  three 
years  after  birth.  Many  of  the  niedullated  fibres,  coarse  as  well  as  fine,  take 
tt  horizontal  direction  parullt'l  to  the  surface,  and  iu  certain  regions  are 
specially  developed  into  a  layer  or  into  two  layers  so  as  to  form  a  horizontal 
■treak  or  streaks. 

The  vascular  pia  mater  invests  closely,  as  we  have  said,  the  whole  surface 
of  the  cortex,  dipping  down  into  the  sulci ;  and  from  it,  as  in  the  case  of  the 
spinal  cord,  processes  carrying  bloodvessels  and  l>earing  lymph-spaces  pass 
iDwa^i  to  supply  the  cray  matter  with  blood.  But  while,  as  we  shall  see 
later  ou,  the  supply  of  bloodvessels  to  the  gray  matter  is  considerable,  the 
truly  connective-tissue  elements  of  the  pia  mater  processes  are  soon  merged 
ioto  neuroglia.  Immediately  beneath  the  pia  mater  forming  the  immediate 
surface  of  the  cortex  is  a  thin  layer  consisting  of  neuroglia  only. 

§651.  The  nerve  cells  of  the  above  severnl  kinds  are  arranged  more  or 
leas  distinctly  in  layers  parnllel  to  the  surface,  so  that  the  whole  thickness  of 
the  cortex  may  by  means  of  them  be,  more  or  less  successfully,  divided  into 
a  series  of  zones,  one  above  the  other;  and  we  may,  as  we  have  said,  retM»g- 
nize  ou  the  one  hand  a  general  arrangement  common  to  the  whole  surface, 
&nd  on  the  other  hand  modifications  existing  in  the  several  regions.  The 
general  arrangement  may  be  said  to  be  one  of  five  layers  or  zones,  usually 
counted  from  the  surface  inward. 

Tbe  fifth  layer,  lying  next  to  the  central  white  matter,  fairly  uniform  in 
characters  and  thickness  (about  1  mm.)  over  the  greater  part  of  the  brain, 
ia  characterized  by  the  presence  of  somewhat  sparsely  scatteretl  '*  fuaiform" 
cells,  though  other  branched  cells  are  present.  It  is  broken  up  into  vertical 
columns  by  the  bundles  of  vertical  fibres,  and  its  demarcation  from  the  white 
matter  below  is  somewhat  indistinct  owing  to  the  fact  that  in  the  brain  the 
white  matter,  especially  that  tying  beneath  the  cortex,  contains  cells  and 
small  groups  of  cells  lying  l>etween  the  bundles  of  fibres  to  a  much  greater 
extent  than  does  the  white  matter  of  the  spinal  cord. 

The  fourth  layer,  lying  above  the  preceding,  varies  nmcb  more  both  in 
thickness  (0.3o  ram.  to  0.15  mm.)  and  in  its  characters.  The  C4>nstituent 
cells  are  on  the  one  hand  large  pyramidal  cells,  and  on  the  other  hand 
"  granule  '*  or  "  nuclear  "  cells.  In  some  regions  it  may  be  subdivided  into 
two  layera,  the  small  *' nuclear"  cells  being  so  abundant  as  to  form  in  the 
upper  part  of  the  layer  a  separate  layer  called  the  '*  granule"  or  *'  nuclear" 
layer  This  fourth  layer,  like  the  preceding  fifth  layer  beneath  it,  is  split 
up  into  vertical  columns  by  the  bundles  of  vertical  fibres,  hut  to  a  less  degree. 
Tt  in  marked  in  its  lower  part  by  a  horizontal  streak  due  to  numerous,  mostly 
(ine,  niedullated  fibres  running  horizontally.  In  the  cortex  of  the  island  of 
Reil  this  horizontal  layer  is  developed  into  a  conspicuous  sheet  of  medullated 
fibres,  separating  the  fourth  and  fifth  layers  bv  a  distinct  interval  of  obvious 
'bite  matter.  This  fifth  layer  of  fusiform  cells,  thus  detached  from  the  rest 
ic£  the  cortex,  ict  what  is  called  the  clatt^tntm  (Figa.  193, 194,  c/.). 

In  tbe  third  layer,  the  constituent  celb  are  the  characteristic  pyramidal 
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cells.  The&e  are  for  tlie  most  part  large,  though  diiuinuhtng  In  size  from 
below  upward,  and  the  layer  han  been  oalleti  the  "  layer  of  lar^  pyrumidal 
cells,"  though  in  certain  regions  the  largest  pyramidal  cells,  and  notably  the 
giant-cells,  are  found  in  the  preceding,  fourth,  layer.  The  cells  are,  on  the 
whole,  scattered  somewhat  aparsely,  though  frequently  gatherttl  into  small 
grou|>s,  and  among  them  occur  small  "nuclear"  and  other  cells.  The 
bunilles  of  vertical  Itbres  spread  out  rajtidly  in  this  layer,  so  that  the 
columnar  arrangement  becomes  lost,  and  many  of  the  fibres  undoubtedly 
become  axis-cylinder  processes  of  the  pyramidal  cells.  Though  the  layer 
varie.s  in  thickness  ( I  mm.  to  QA  nira.),  aud  in  some  of  its  features  in  different 
regions,  the  characteristic  pyramidal  cells  are  present  over  the  whole  surface 
of  the  hemisphere.  In  the  lower  jjart  of  the  layer  a  second  h<irizontal  etreak 
of  closely  interwoven  horizontal  fibres  frequently  makes  its  appearance. 

The  second  layer,  generally  a  thin  one,  though  varying  from  0.25  mm.  to 
0.7n  mm.  in  thickneHs,  is  also  formed  by  pyramidal  cells,  but  is  distinguiahed 
from  the  layer  below  by  the  ab&ence  oj*  large  aud  raeiiium-aized  celU  and  by 
the  |)re8ence  of  numerous  small  celU  closely  packed  together;  it  has  been 
called  "  the  layer  of  small  pyramidal  cells."     As  we  have  said,  the^e  smaller 

f>yramidal  cells  differ  somewhat  from  the  larger  cells:  and  the  ceiU  in  lhi» 
ayer  are  sometimes  described  as  "  angular." 

The  first  and  most  superficial  layer  is  characterized  by  the  predominance 
of  the  molecular  ground  Biibstauuf.  the  cells  being  few.  far  between,  i<imall, 
aud  irregular.  The  ground  subataiioe  itself  seems  to  be  more  largely  neu- 
roglial in  nature  than  In  the  other  layers,  and,  as  we  said  above,  its  extreme 
anrface  appears  to  be  furnished  by  neuroglia  alone.  The  layer  is  generally 
spoken  of  as  the  "  peripheral "  or  "superficial  layer,"  or  sometimes  as  the 
*'  molecular  "  layer.  The  tapering  vertical  processes  of  the  pyramidal  c^lls 
may  be  traced  into  this  layer,  which  indeed  varies  in  thickness  according  to 
the  abundance  of  pyramidal  cells  iu  the  subjacent  layers  ;  nunieruus  aome- 
what  fine  medul  luted  fibres  aUh  traverse  it  in  a  horizontal  direction. 

§  652.  The  general  arrangement  just  described  varies,  as  we  have  said,  in 
different  regions  <if  the  cerebral  surface.  We  must  content  ourselves  here 
with  pointing  out  the  characteristics  of  two  or  three  important  regions. 

The  region  which  we  have  (§  033  f  called  the  "  motor  areii  "  or  **  r^on  " 
is  characterized  on  the  one  haiul  by  the  great  thickness  (1  mm.)  of  the  thin! 
layer,  that  of  large  pyramidal  i^Us,  as  well  as  by  the  number  aud  size  of  tlie 
ceils  contained  in  it,  and  on  the  other  hand,  and  especially,  by  the  promi- 
nence in  the  fourth  layer  of  remarkable  clusters  of  very  large  pyramidal 
cells,  of  the  kind  which  are  relerred  to  above  (§  050)  as  being  im^uently 
called  "ganglionic;"  it  is  in  this  region  that  "giant  cells"  are  found  in  the 
fourth  layer,  namely,  in  the  upper  part  of  the  precentral  aud  at  the  summit 
of  the  {HJstccntral  convotutioUr  aud  in  the  paracentral  lobule,  acquiring  their 
greatest  size  at  the  top  of  the  precentral  convolution. 

The  occipital  region  is  characterized  by  the  prominence  of  the  "granule" 
or  "nuclear"  cells.  These  not  only  form  a  distinct  division  of  the  fourth 
layer,  but  are  also  conspicuous  in  other  layers,  their  arrangement  being  guch 
that  some  authors  have  been  led  to  divide  the  cortex  of  this  region  into  seven 
or  even  eight  layers.  In  the  present  stale  of  our  knowledge  we  may  be  cun- 
tent  with  insisting  that  the  great  mark  of  this  occipital  region  is  the  abun- 
dance of  these  small  *'  nuclear"  cells,  together  with  other  small  "  angular" 
cells,  whereby  the  pyramidal  cells  seem  to  be  made  less  conspicuous.  It  is 
worthy  of  notice,  however,  that  iu  the  third,  but  more  C8|)cci8)ly  in  the 
fourth  layer,  a  few  cells  of  very  large  size  are  met  with,  which  by  their 
large  branched  cell  substance  and  conspicuous  axis-cylinder  proooss  reeeoible 
the  large  cells  in  the  motor  region  ;  but  it  should  be  noted  that  while  these 
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large  cells  occur  (at  least  in  man  and  in  the  monkey,  though  not  in  some 
of  the  lower  animals,  an  the  rahbtt)  in  very  <iefinite  chisters  in  the  motor 
region,  they  occur  sinj^'ly  in  the  occipital  rejrion.  In  thifl  occipital  region 
the  layer  ot  horizontal  tibres  in  the  fonrch  layer  is  very  conHpicuoua,  and 
owin^  to  the  number  of  ordinary  medullated  Hbres  present,  forma  a  white 
streak  viaible  even  to  the  nakeii  eye. 

In  the  frontal  region,  in  front  of  the  raotor  region,  the  arrangement  is 
more  in  acc<»rdance  with  what  we  have  depcribed  ag  the  general  plan.  The 
two  pyramidal  layers  are  well  marked,  a^  is  also  the  fourth  layer;  but  the 
layer  of  large  pyramidal  cells  is  much  thinner  thau  in  the  motor  region,  as 
is  also,  though  to  a  less  extent,  the  fourth  layer,  white  the  Hflh  layer,  that  of 
fuftitbrm  cells,  is  thicker  than  elsewhere.  Sfnall  **  nuclear"  cells  are  f)erhnpa 
more  abundant  in  this  region  thmughnut  all  luyers  than  in  the  motor  region. 
but  are  far  lees  conspicuous  than  in  the  uccipilal  region. 

We  may  here  remark  that  the  tniusitioti  in  structure  from  one  region  to 
another  is  very  gradual,  not  shar[)  and  disitiict,  and   is  perhaps  especially 

fradual  in  passing  frtmi  the  niott)r  region   backward  to  the  occipital  region, 
t  b  not  possible  to  recognize  histologically  the  limit,  for  instance,  of  the 
motor  region  as  determined  cxperimeutaJly. 

Id  special  regions  of  the  brain,  for  instance  in  the  olfactory  bulb,  of  which 
we  shall  speak  later  on,  verv  great  iumliKt.'4itit»n8  of  the  general  plan  may  be 
obcerved  in  the  cortex.  We  cannot  enter  upon  these,  hut  may  just  refer  to 
tbe  corou  ammonis  or  hijipocanipus.  At  the  ventral  end  of  the  temporal 
lobe  the  gyrus  hipp<^oampi,  the  structure  of  whose  cortex  follows  the  general 
plan,  is  thrust  inward  so  as  to  project  into  the  cavity  of  the  descending  horn 
of  the  lateral  ventricle,  forming  the  ridge-like  proiuiueuce  known  by  the 
above  name.  The  substance  of  the  cornu  ammonis  is  therefore  cortical  sub- 
stance covered  on  the  side  of  the  ventricle  by  a  thin  prolongation  of  the 
ceniral  white  matter,  which  is  iu  turn  covered  by  the  ependyriia  lining  the 
■ventricle.  A  vertical  section  of  this  substance  shows  that  while  the  fifth 
and  fourth  layers  are  re<luced  to  stuall  dimensions,  the  third  layer,  that  of 
large  pyramidal  cells,  is  well  develoj>ed,  though  narrow.  The  cells  are  large 
and  remarkably  long,  and  the  tapermg  processes  are  arranged  so  regularly 
as  to  give  rise,  especially  in  stained  preparations^  to  a  marked  radiate  appear- 
ance. At  the  level  **(  the  secoud  layer  there  occurs  a  large  development  of 
capillarv  bloodvessels  and  a  scarceness  of  cells,  giving  rise  to  a  "  lacunar" 
appearance;  and  the  first  or  molecular  layer  is  of  some  considerable  thick- 
ness. From  the  prominence  of  the  pyramidal  cells  in  this  region,  the  third 
lar^r  i"  the  general  p!an  of  the  cortex  has  sometimes  been  spoken  of  as  the 
"formation  of  the  cornu  ammonis.'* 

$653.  In  the  present  state  of  knowledge  it  is  impossible  to  come  to  any 
aatisfactory  citnclu.^^ion  concerning  the  meaning  of  the  variety  and  arrange- 
roent  of  the  ceils  and  nther  cmstituents  of  the  cortex.  The  cells  with  their 
branches,  the  nerve-fibres  and  the  nerve-fibrils  form  a  network  of  gray 
matter  which  we  may  compare  with  the  gray  matter  of  the  spinal  cord 
($  .'>80j,  hut  which  is  obviously,  as  we  might  expect,  far  more  complex  than 
that  is.  We  may  conclude,  and  experimental  observation  confirms  the  con- 
oluBion,  that  the  large  pyramidal  cells  with  recognizable  axis-cylinder  pro- 
eowa  serve  as  trophic  centres  for  the  fibres  which  appear  to  start  from  them. 
And  we  may,  though  with  less  confidence,  explain  the  large  size  of  these 
cells  in  the  motor  region,  by  the  fact  that  they  give  rise  to  fibres  of  the 
pyramidal  tract  stretching  a  long  way  fntm  their  origin  in  the  cell,  and 
therefore  demanding  great,  nutritive  activity  on  the  part  of  the  cell.  We 
mar  perhaps  also  conclude  that  these  fibres  are  efferent,  motor  fibres,  des- 
tioed  to  carry  impulses  from  the  cortex  to  the  |>eripheral,  or  at  least  distant 
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parts.  And  ^xe  may  further,  with  however  distinctly  lees  confidence,  aseume 
that  the  size  of  the  ceil  ta  correlatcii  Id  the  energy  which  has  to  be  expended 
in  the  discharge  ot"  efferent,  motor  impulses.  If  we  accept  these  concluaions 
we  must  also  bear  in  mind  that  such  cells,  with  axis-cylinder  proceases  con- 
tinued on  as  fibres,  are  not  liniited  to,  though  most  abundant  in  the  nsotor 
region,  but  are  found  in  all  regions  of  the  cortex;  and  we  must  hence  con- 
clude that  impulses,  which  we  must  call  efferent,  proceed  irom  all  parts  of 
the  cortex. 

It  is  obvious,  however,  that  the  connection  of  the  cortical  network  of  gray 
matter  with  the  Hbrea  of  the  white  matter  is  effected  in  part  only,  and  that 
a  small  part,  by  the  method  of  axis-cylinder  processes  definitely  prolonged 
from  the  cell  substance  of  cells.  A  part,  and  probably  a  greater  part  of  the 
fibres  sweeping  up  from  the  subjacent  white  matter,  whether  they  be  6bret 
of  the  pedal  and  tegmental  systems  or  callosal  or  *'  association  '*  fibres,  end 
in  the  gray  matter  in  .-iomc  other  way  than  by  bodily  being  i^ntinued  in  the 
cell  sulwtauce  of  cells;  they  plunge  into  and  break  up  within  the  network, 
of  which  librilb  no  less  than  cells  form  a  conspicuou^t  part;  and  we  may  here 
rei>eat  the  remark  which  we  made  in  speaking  of  the  cerebellum  concerning 
the  actual  continuity  of  the  elements  of  the  network.  Moreover,  beeidea 
the  vertical  fibres  obviously  coming  from  the  subjacent  white  matter,  we 
have  in  this  gray  matter  to  deal  with  the  fibres  of  horizontal  and  other 
directions,  which  may  come  from  white  matter  not  far  off,  but  which  may 
come  from  some  neighboring  gray  matter;  our  present  knowledge  will  not 
enable  us  to  settle  this  point. 

In  the  spinal  cord  we  were  able  to  divide  all  the  fibres  into  aflerent  and 
eflerent  respectively  ;  though  even  here  we  met  with  some  difficulty.  Deal- 
ing with  the  cerebral  cortex,  which,  aa  we  have  already  aecn,  ia  certainly 
eajjecially  concerneil  in  voluntary  movements  and  in  the  development  of  full 
Benpations,  we  may  be  tempted  to  consider  the  fibres  connecteii  with  the  gray 
matter  as  similarly  divisible  into  motor  and  sensory ;  and  we  may  go  on  to 
suppose  that  the  fibres  joining  the  cortex  as  axis-cvlinder  proceeses  of  reoog- 
nizahlc  cells  are  motor  fibres,  and  that  all  the  other  fibres  joining  the  gray 
matter  in  some  other  way  are  sensory  fibres.  But  in  doing  so  we  are  going 
beyond  our  tether;  in  all  probability  the  nervous  processes  going  on  in  the 
cortex  are  far  too  complex  to  permit  such  a  simple  classificalion  of  the  func- 
tions of  fibres  as  that  into  motor  and  sensory;  and  any  attempt  to  arrange 
either  fibres  or  regions  of  the  cortex  as  simply  motor  or  sensory  is  prohablr 
misleading.  But  we  shall  have  to  return  to  these  matters  when  we  deal  with 
the  functions  of  the  cortex. 


On  Voluntary  Movements.. 

$654.  When  we  examine  ourselves  we  recognize  certain  of  our  move^ 
ments  as  "voluntary;"  we  say  that  we  carry  them  out  by  an  eflort  of  the 
*'  will."  And  when  we  witness  the  movements  of  other  people  or  of  animals 
we  regard  ns  also  voluntary  such  of  lhf»se  movements  as  by  their  characters 
and  by  the  circumstances  of  their  occurrence  seem  to  be  carried  out  in  the 
same  way  as  our  own  voluntary  movements,  Kven  in  the  case  of  some  of 
our  own  movements  we  are  not  always  clear  whether  they  are  really  volun- 
tary or  no;  and  iu  the  case  of  other  people  and  of  animals  it  is  etill  more 
difficult  to  decide  the  question.  It  would  he  ont  of  place  to  attempt  to  dis- 
cuss here  how  voluntary  movements  really  differ  from  involuntary  move- 
ments, or,  in  other  words,  what  is  the  nature  of  the  will ;  we  must  be  content 
to  take  a  somewhat  rough  use  of  the  words  "  vdluntary,"  *•  volitional,"  aiid 
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"  will "  as  a  basis  for  physiological  discuasiou.  We  may,  however,  remark 
that  as  tar  as  the  muscular  side  of  the  act,  if  we  may  use  such  an  expressioQ, 
ifl  cuucerned,  a  voluntary  movemeut  does  nut  differ  in  kind  from  an  involua- 
tary  movement.  It  is  jierfectly  true  that  a  skilled  man  may  by  practice 
learn  to  execute  muscular  manceuvres  which  he  would  not  nave  leamt  to 
execute  had  not  an  intelligent  volition  been  operative  within  him  ;  but  4mr 
own  experience  teaches  us  that  many  more  or  less  intricate  movementa 
which  have  undoubtedly  been  learnt  by  help  of  the  will  may  be  carried  out 
under  circumstances  of  such  a  kind  that  we  feel  compelled  to  regard  them 
as,  at  the  time,  involuntary  ;  and  it  may  at  least  be  debated  whether  every 
movement  which  we  can  carry  out  by  au  effort  of  the  will  may  not  appear 
under  appropriate  circumstances  as  part  of  an  involuntary  act.  In  the  case 
of  the  lower  animals,  in  the  frog  deprived  of  its  cerebral  hemispheres,  for 
instance^  we  have  seen  that  voluntary  differ  fnim  involuntary  movements, 
not  by  their  eaeential  nature,  but  by  the  relati<m  which  their  occurrenoe 
bear^  to  circumstances.  We  have  therefore  to  seek  fur  the  distinction 
between  voluntary  and  iuvoluntury.  not  in  the  coordination  of  the  muscular 
and  nervous  coni(K>nen(8  of  a  movement,  but  iu  the  nature  of  the  process 
which  startB  the  whole  act. 

The  histories  related  in  a  preceding  section,  of  various  animala  deprived 
of  their  cerebral  hemispheres,  while  they  have  further  shown  the  difficulty  of 
drawing  a  sharp  line  between  the  presence  and  absence  of  volition,  such  as 
when  we  appeal  to  our  own  consciousness  we  seem  able  to  draw,  have  taught 
ua  that  in  a  broad  sense  the  presence  of  volition  is,  in  the  higher  vertebrata, 
dependent  on  the  possession  of  the  cerebral  hemispheres  ;  and  we  have  now 
to  inquire  what  we  know  concerning  the  way  in  which  the  cerebral  cortex^ 
for  this,  as  we  have  seen,  is  the  important  part  of  the  cerebral  hemisphere, 
by  the  help  of  other  parts  of  the  nervous  system  carries  out  a  voluntary 
movement. 

§655.  With  this  view  we  may  at  once  turn  to  the  results  of  experimental 
interference  with  the  cortex.  When  the  surface  of  the  brain  is  laid  Iwire  by 
removal  of  the  skull  and  dura  mater,  mechanical  stimulation  of  the  cortex 
producsB  little  or  no  elfect,  thus  affording  a  contrast  with  the  results  of 
mechanically  stimulating  other  [xirtions  nf  the  brain,  or  other  nervous 
structures.  And  for  a  long  time  the  cortex  was  sjKiken  of  as  iuw^nsible  to 
stimulation.  When,  however,  the  electric  current  is  employed,  either  the 
make  and  break  of  the  constant  current  or  the  more  manageable  interrupted 
current,  very  marked  results  follow.  It  is  found  that  certain  movementa 
follow  upon  electric  stimulation  of  certain  regions  or  areas.  The  results, 
morer^ver,  differ  in  different  animals.  It  will  be  convenient  to  begin  with 
the  dog,  on  which  animal  the  observations  of  this  kind  were  first  con- 
ducted. 

When  the  surface  of  the  dog's  brain  is  viewed  from  the  dorsal  surface  a 
short  but  deep  sulcus  is  seen  toward  the  front,  running  outward  almost  At 
right  angles  fmm  the  great  longitudinal  fissure;  this  is  called  the  crucial 
mucug  (Fig.  202),  the  gyrus  or  convolution  in  front  and  behind  it,  and 
•weeping  around  its  end  being  called  the  ifir/moUi  <fyru*.  It  will  hardly  be 
profitable  to  discuss  here  either  the  bomuh)gy  of  this  sulcus  or  the  names  of 
the  other  sulci  and  convolutions  of  the  dog's  brain.  We  mention  this  ruIcus 
because  it  is  found  that  Htimulation  of  the  cortex  in  a  region  which  may  be 
broadly  described  as  that  of  the  neighborhood  of  this  crucial  sulcus  gives 
rise  to  movements  of  various  parts  of  the  bo<ly,  whereas  no  such  movements 
result  from  stimulation  of  the  extreme  frontal  region  in  front  of  the  area 
around  the  crucial  sulcus,  or  from  stimulation  of  the  occipital  region  behind 
this  area.     Certain  exceptions  may  be  made  to  this  broad  statement,  but 
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the^e  it  will  be  best  to  discuss  in  reference  to  the  more  highly  developed 
monkey. 

The  region  of  the  cortex  in  the  neighborhood  of  the  crucial  sulcus  may 
then  be  termed  an  "excitable"  or  **  motor"  region,  inasmuch  as  stiiuulatioaH 
of  thia  region  leads  to  movements  curried  out  by  skeletal  muscles,  while 
stimulation  of  other  regions  di>es  not.  Further,  gtiniulation  of  fkarticular 
districts  or  areas  of  the  region  leads  to  particular  movements  carried  out  by 
particular  miisclea.  For  instance,  stimulation  of  the  more  median  parts  of 
the  gyrus  behind  the  crucial  sulcus  (Fig.  202.  C)  leads  to  movementsof  the 
hiud-limb»  whereas  stiuuilatiou  of  the  lateral  part  or  outer  end  of  the  same 
gyrus  leads  to  roovements  of  the  fore-limb,  and  we  may  here  distinguLah 

FW.  202. 


Thk  \nz»M  or  tub  Cerbhral  CoNvoLmoNf<  op  ths  Doo,  aooormnc  to  HrraG  am<  Fiut>4  u. 

iD  B.  The  area  for  the  muscles  uf  the  neck.  (2)  A,  The  aren  for  Uieexleiudon  and  adilucUna  €yt 
the  ri)re*Urob.  fi)  K,  The  area  Tor  the  lloxlon  and  rolatlon  of  the  roie-Umb.  (4)  <:.  The  area  fur  the 
hlnrl-Umb  RunnlDg  traRRveraely  toward  an<l  Npanitiag  I  aod  '2  ttom  S  and  4  Is  Men  iht  emfiAf 
nieus.    (S)  D,  The  flKial  area. 

between  an  area  stimulation  of  which  (Fig.  202,  E)  leads  to  flexion  of  ihe 
fore-limb,  and  an  area  (Fig.  1^02,  A)  stimulation  of  which  leads  to  extension 
of  the  same  limb.  In  a  similar  way  stimulation  of  other  areas  within  the 
"  motor"  region  ieaJs  to  movements  of  this  kind  or  of  that  kind  of  the  tail, 
of  the  eyes,  of  the  mouth,  of  other  paru  of  the  face,  of  the  tongue,  and  so 
on.  Obviously  in  the  dog  thiti  region  uf  the  cortex  has  connections  with 
the  skeletal  muscles  which  do  not  obtain  between  other  regions  of  the  cortex 
and  those  muscles ;  and  further,  the  region  in  (juestion  is  topograpbicallv 
differentiated,  so  that  certain  areas  or  district  of  this  region  arc  specially 
connected  with  certain  skeletal  muscles  or  groups  of  muscles.  We  may 
speak  of  a  **  localization  of  function  "  in  this  region  as  compared  with  other 
regions  of  the  cortex,  and  in  the  several  areas  within  the  region  as  compared 
with  each  other. 

The  muscles  which  are  thus  thrown  into  contraction  are  the  muacles  of 
the  opposite  side  of  the  body.  When  '*  the  fore-limb  area,"  as  we  may  call 
it,  of  the  right  hemisphere  is  HtimuhUed.  it  is  the  left  fore-limb  which  i^ 
moved;  and  so  with  the  other  areas;  it  is  only  In  exceptional  cases,  as  in 
certain  movements  of  the  eyes,  that  the  etlecl  is  bilateral ;  a  moreraeot  con- 
fined to  the  aame  side  as  that  stimulated  is  never  witnessed. 
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The  results  are  most  clear  when  the  current  employed  as  a  stimulus  is  not 
stronf^r  than  is  just  sufficieut  to  produce  the  appropriate  movement  (roughly 
speaking,  a  current  just  i>ercept.ible  to  the  tongue  of  the  operator  is  in  onli- 
oary  cases  a  useful  one),  and  when  the  cortex  is  in  good  nutritive  condition. 
In  any  experiment  the  results  obtaine<l  by  the  earlier  stimulations,  soon  atler 
the  cortex  has  been  expose*],  are  the  beat ;  after  repeated  stimulations  the 
surface  is  apt  to  become  hypenemic,  and  it  is  then  freijuently  observed  that 
the  movements  resulting  from  the  stimulation  of  a  particular  area  are  not 
couBned  to  the  ap[»ro[)riflte  muscles,  but  spread  to  the  rorrespijmlin^  muscles 
of  the  opposite  &uU%  tlu-n  U*  muscles  counecled  with  other  cortical  areas,  and 
at  last  to  the  muscles  of  the  body  generally  ;  at  the  same  linie  the  move- 
luents  lose  their  distinctive  purposeful  character  an<I  the  ariiirial  'm  thrown 
into  convulsions  of  an  epileptiform  kind.  It  not  unfre<^uently  hapi>en8  that 
&u  experiment  has  to  be  stopped  in  consetiueuce  of  the  onset  of  these  epilep- 
tiform convulsions.  The  response  of  movement  to  stimulation  may  be 
observed  while  the  animal  is  under  the  moderate  influence  of  an  ansesthetic, 
but  a  too  profound  amesthesia  let^sens  or  annuls  the  effects. 

In  order  to  cjirry  out  a  clofler  analysis  of  the  phenomena  it  is  desirable  to 
watch  or  record  the  coutration  of  a  particular  group  of  muscles,  ur  perhaps 
belter  still  a  particular  muscle,  e.  7.,  the  area  for  extension  of  the  hiud-Iimb 
may  be  studied  by  hel[)  of  the  extensor  digitorum  communis  t»f  the  limb. 
When  this  is  done  the  following  imporlant  facts  may  be  observed:  The  area 
of  cortex  having  been  fnund  which  gives  the  l>eet  movements,  and  the 
stimulus  being  no  stronger  than  is  necessary,  isolation  of  the  arei»  from  its 
lateral  surmundiugs  by  a  circular  incision  curried  to  some  little  depth  will 
not  prevent  the  development  of  cdutracticma  in  the  muscle  ;  but  these  do 
oease,  even  without  the  circular  incision,  if  by  a  hori;60UtaI  section  the  gray 
cortex  is  separated  from  the  subjacent  whil^  matter.  After  removal  of  the 
cortex,  stimulation  of  the  white  matter  underlying  the  area  produces  the 
appropriate  contraction  :  not  only  however  is  a  stronger  stimulus  neceasary, 
but  also  the  latent  |)eriod,  that  is  the  time  intervening  between  the  beginning 
of  the  application  of  the  stinmlating  current  and  the  beginning  of  the  mus- 
cular contracli<m  ia  appreciably  shortened.  The  approjiriate  contractions 
not  only  api>ear  when  the  white  matter  immediately  below  the  cortex  is 
stimulated,  but  by  making  succc^ive  horizuntal  Hcclions  anr]  stimulating  each 
in  turn,  the  effect  may,  so  to  speak,  be  traced  through  the  central  while  matter 
of  the  hemitiphere  down  tti  the  internal  ca]>sule.  We  may  conclude  from 
these  results,  that  when  the  current  in  applied  to  the  surface  of  the  cortex, 
oertain  parte  of  certain  structures  in  the  gray  matter  are  stimulated,  the 
process  naving  a  marked  latent  period,  and  that  as  the  outcome  of  the 
changes  induced  in  the  gray  matter,  impuL-^e^  pass  along  the  fibres  leading 
down  from  the  gray  matter  to  tne  iiLiernal  capsule  and  so  by  the  ]>edal 
0jstem  of  fibres  to  the  spinal  cord  and  nmU^r  xpiiial  roots.  The  anatomical 
consideratioufi  advanced  in  a  previous  section  lead  us  to  suppose  that  the 
fibres  in  question  belong  to  the  great  pyramidal  tract,  on  which  we  haveao 
much  insisted ;  and  as  we  shall  see,  all  our  knowledge  conBrms  this  view. 

It  must  not,  however,  be  supposed  that  the  several  areas  stimulation  of 
which  produces  each  its  distinctive  movement,  are  in  the  dog  sharply  defined 
from  each  other;  when  the  term  area  for  extension  of  the  hind-limb  is  used, 
it  must  not  he  supposed  that  the  area  can  he  defined  by  an  outline,  within 
which  stimulation  produces  nothing  but  extension  of  the  hind-limb,  and 
outside  which  stimulation  never  produces  extension  of  the  hind-limb.  All 
that  ia  meant  is  that  extension  of  the  hind-limb  is  the  salient  and  striking 

lult  of  stimulating  the  area.  When  we  study  the  various  movements,  ana 
especially  perhajw  when  we  study,  by    help  of  a  graphic  record^  the  con 
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tractions  of  various  individual  muscles  resulting  from  the  stimulatiuu  of 
various  parts  of  the  motor  region,  we  find  not  only  that  the  areas  for  par- 
ticular movements  or  particular  niusdes  are  verj  diffuse,  but  that  the  several 
areas  largely  overlapeach  other.  If  for  instance  we  were  to  map  out  on  the 
same  diagram  the  several  areas  belonging  to  four  or  five  musc1e«  of  different 
parte  tif  the  body,  such  an  the  extensors  of  the  di^^iU  of  the  fore  and  of  the 
hind-limb,  the  flexors  of  the  same,  and  the  orbicular  muscle  of  the  eyelid, 
thai  is  to  say.  the  several  areas  within  which  in  turn  stimulation  of  theoirtex 
produced  contraction  of  tho  jmrticiilar  muscle,  iho  overlapping  would  be  so 
great  that  the  whole  figure  would  appear  highly  confused.  In  a  similar  way 
the  excitable  motor  region  as  a  wlnde  would  gradually  merge  into,  be  broken 
up  into,  the  unexcitable  frontal,  occipital,  and  temporal  regions,  in  front, 
behind,  and  below.  In  other  words,  the  localization  in  the  cortex  of  tho 
dog  is  to  a  marked  degree  imperfect. 

In  this  resfject  the  dog,  corresponding  to  its  position  In  the  animal  hierarchy, 
is  intermediate  between  such  animals  as  the  rabbit,  the  bird,  and  the  frug.  on 
the  one  band,  and  the  more  highly  developed  monkey  on  the  other ;  and  that 
18  one  reason  why  we  have  taken  the  dog  first  and  dwelt  so  long  upon  it.  In 
the  rabbit,  a  similar  localization  maybe  observed,  hn(  far  less  definite,  far 
more  diffuse;  it  becomes  still  less  in  the  bird,  and  is  hardly  recognizable  in 
the  frcig.  It  will  not  be  jtrutitable  to  ilwell  on  the  details  of  these  lower 
animals;  but  the  phenomena  of  the  monkey,  leading  up  as  they  do  to  those 
of  man,  call  for  special  notice. 

§  656.  When  in  a  monkey,  in  an  individual  for  instance  belonging  to  the 
genus  Macucuti,  the  surface  of  the  cerebrum  is  explored  with  reference  to 
the  ettectfi  of  eiectric  stinuilatinn,  it  is  found  tbatwhpu  the  current  is  applied 
to  the  precentml  or  ascending  frontral  and  the  post-central  or  ascending 
parietal  convolutions  which  tie  respetrLively  tn  ihmt  of  and  behind  the 
imptirtant  central  fissure  or  fissure  of  Rolando  (c^!  Fig.  SOS),  njovemenia  of 
the  fore-limb  follow.  The  "  motor  area  for  the  fore  limb  "  thus  discovered  is 
more  circumscribed  and  definite  than  is  the  corresponding  area  in  the  dog. 
Its  outline  (Fig.  204)  is  roughly  that  of  a  truncated  triangle  bisected  by  the 
centnil  fissure,  with  the  bnnul  base  at  come  distance  from  the  mesial  line,  and 
the  truncated  apex  reaching  on  the  lateral  surface  of  the  hemisphere  to  & 
well-marked  bend  in  the  lower  part  of  the  central  fissure.  Behind,  it  reaches 
as  far  ns  the  intra-pnrietal  tis.snro  which  somewhat  sharply  defines  its  hind 
border,  and  in  front  it  ceases  no  less  definitely  at  some  little  distance  behind 
the  precentral  fissure.  Further  examination  shows  that  the  whole  area  is 
divided  into  areas  corre.spt)nding  to  movements  of  particular  parts  of  the 
forearm,  and  that  these  are  arranged  in  a  definite  relation  to  each  other. 
In  the  more  d(»rsal  part  of  the  area,  at  the  base  of  the  triangle,  stimulation 
produces  movements  of  the  shoulder  (Fig.  204)  ;  if  the  electrodes  be  shifted 
ventrully,  movcnicnlfi  of  the  elbow  make  their  appear&nce;  if  still  more 
ventrally,  movements  of  the  wrist  come  in,  and  these  are  in  turn  succeeded 
venlrally  by  movements  of  the  digits  generally,  of  the  forefinger,  and  lastly 
of  the  thumb.  A  very  striking  ex]ierinient  may  l)e  made  by  applying  a 
current  of  suitable  strength,  first  at  the  lower  ventral  border  of  the  area, 
and  then  gradually  advancing  upward  toward  the  mesial  line  ;  the  thumb  is 
moved  first,  then  the  forefinger,  then  the  rest  of  the  digits,  then  the  wrist, 
next  the  elbow,  and  lastly  the  sliouhler.  Further,  in  certain  parts  of  the 
area  the  resulting  movement  is  fiexion  of  the  appropriate  segment  of  the 
limb,  in  other  parts  extension,  in  certain  parts  aoductioD,  in  other  l>«rts 
adduction,  and  so  on. 

Similar  exploration  shows  that  the  "  area  for  the  hind-limb  "  lies  on  the 
jnedimi  side  of  the  area  for  the  fore-limb,  stretching  besides  ou  to  the  mesial 
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'Wrfiice  along  the  marginal  convakition  which  forms  the  dorsal  portion  of  the 
wall  of  the  great  longitudinal  fiasure ;  it  reaches  aw  far  back  as  the  intra- 
parietal  siilcuft,  and  is  siicceeded  in  front  by  the  '*  area  ihr  the  trunk"  (Fig. 
2()o).  Within  this  general  area  for  the  hirid-liiub  we  may  aimilarJy  distin- 
guiflh  special  areas  fnr  the  hip  (  Fips.  204,  2l>5)  in  the  front  portion,  for  the 
Knee  and  ankle  behind  tlii^,  and  for  the  digiu  still  further  backward,  the 
area  for  the  great  toe  being,  however,  in  front  of  the  area  for  the  other 
digits. 

KiG.  203. 


[OtntutK  ov  Bbaih  or  Monkky  (Macaeiu)  to  ihow  Pkincipal  3i.'L0i.(FianjKB)  xkd  Gym  (Coirrtv 
LDTiONti).  (SaEttuiNOTON  after  Horsley  und  Bt'iiATKH.)  Natumlftlae. 
Tbc  bfiUn  flfured  Is  the  tmme  aa  Chat  In  Flff.  ax.  and  the  two  flKUras  should  be  conaultod  together. 
Over  each  ■ulcus,  purpoMly  iirinted  very  thick,  the  iiame  is  wrltteu  In  matt  capitalt.orQr  each  syros 
la  tfoKc*.  X  Indicates  the  MmaU  dc(inwLion.  hardly  to  be  called  a  Bulcua,  which  U  mppoMed  to  be 
koau>laffous  with  the  superior  frontal  vulctiR  of  man :  and  v.  y.  i.  similarly  Indicate  Mild  whoee 
boawlcvlei  are  mK  ccrt&tn.    For  tome  fynoayms  tee  Fig*.  307,  V». 


lu  front  of  the  areas  for  the  limbs  and  trunk*  on  the  tnedian  dorsal  sur- 
face, dipping  down  into  the  mesial  surface  along  the  marginal  convolution 
(Fig.  205)  and  reaching  laterally  on  the  lateral  dorsal  surface  to  the  dorsal 
extremity  of  the  precentral  sulcus  (Fig.  :^4).  is  the  **area  for  the  head/'  that 
say,  for  the  movements  of  head  brought  about  by  contractions  of  the 
les  of  the  neck. 
TeDtral  to  this  again,  in  front  of  the  precentral  sulcus,  is  the  "area  for 
«yei,"  that  is  to  say,  for  oontractioos  of  the  ocular  muscles ;  and  behind 
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the  precentral  sulcus,  ventral  to  the  arm  area  lies  a  sraall  area  for  niovemei 
of  the  eyelide,  broughl  about  l>y  contractions  of  the  orbicularis  mu^o] 
Vpiitral  to  this  aji;aiii  is  the  "area  fnr  the  face,"  in  which  we  may  (Jiatinguish 
an  area  for  the  tiiouth^that  is  an  area  stimulation  of  which  producer  changes 
in  the  buccal  orifice,  openings  shutting,  drawing  to  one  aide,  et^.,  and  an  area 
for  moveruenta  of  the  tongue.  These  two  areas  reach  downward  to  the  fiaaure 
of  Sylvius  and  backward  to  the  line  of  the  intraparietal  eulcua.  In  frunt 
of  tnera,  occupying  all  the  ventral  part  of  the  preceutral  convolution  and 
reaching  forward  as  far  as  the  precentral  sulcus,  where  it  meets  the  area  for 


Fig.  2M. 


TMUl^N 


hxrt  BEMispBcitE  OF  THE  CsftCBBrM  or  Mdnkky  {Moeacw),  VnwsD  FitoM  m  LxTT  6cDB  A:n: 
PROM  Above.    {Shbkiuvoton  aftor  HoEsunr  mid  Bcxvob.)    Natuiml  idie. 
Tb«  figure  i^liowfl  ihe  potiiloDi  of  tbe  portiorui  of  (be  cortex  concerned  wlib  moTttmeat  of  mrltxift 

pArtB,  auO  with  ibv  lenH.**  of  sight,  vmnW,  miU  bearing.  The  ourtic>l  mivA  coniieele*]  with  the  moTe- 
mente  of  Ihi;  lug  tn.iliiirltsl  verticnUy  af^mss,  thnt  with  the  mnrententj<  of  the  nrm  hoTtertnuUy.  and 
that  with  the  TDovenienCK  of  the  trunk  lu  a  sUntin^  dtrccUnD  ;  the  area  oonnceteO  wiUi  liiv  mnrr- 
menlR  of  the  liesd  (neck),  (kce,  and  eyei  ii  d(At«d.  Tbe  oounte  of  (he  chief  flvorea  la  todloated  hy 
single  lines. 


the  eye^,  lies  an  area  stimulation  of  which  produces  movementa  of  the 
pharynx  or  larynx,  as  well  as  the  mouth  or  face,  and  which  may  be  divided 
into  areas  for  mastication,*  for  swallowiog,  and  for  the  production  of  the 
voice. 

We  might  speak  of  these  several  areas  in  another  way  by  referring  to  tbe 
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nerves  concerned  in  cftrrying  rmt  the  several  movements,  though  in  doing  so  we 
must  remember  that  there  in  not  an  exact  correspondence  between  the  relative 
pontion  of  a  muficlc  along  the  axis  of  the  body  or  along  the  axin  of  a  limb 
and  the  relative  position  along  the  cerebro-spiual  axii*  of  the  nerve  or  nerves 
governing  the  muscle.  We  may,  however.  a<h)pting  this  method,  note  that 
the  sacral  and  lumbar  nerves  are  represented  by  the  most  meaial  portion  of 


Ubial  ARnccT  or  thk  Ijcrr  Haij'  or  thk  Bhahi  of  Macacits,  Distlayed  bv  Bnmov  ts  the 

aiCII(A>  SAOHTAL  PLAlfE  ASD  REMOVAL  QT  TIU  CBltSDSLLtTX.      (SasaRmOTON   aftCT  HOBSLEY  &n<l 

Bssvoft.)    NfttumI  tJze. 

TiM  luktcbed  and  lUpplod  fwrUoftheflarfticeihon'the  regiontofUieoortex  connected  with  more- 
meuiaof  tbt/oot,lnut,Mp.  tail,  tru»t,a,ud  neet  roBpectlTelj-.  Tbe8eTenU.poeUlonKnrUH.'areft.sor cortex 
emiocoMd  wUta  viMon  and  vmW/knd  wltb  etUaneaus  tanation  am  lodlcated  by  tbuuppniprlaiv  words. 
The  plamr  of  section  has  paiMHl  throujch  the  corpiig  calloitini,  ee..  ee.,  ce.,  and  throngh  the  anterior 
conmlMore.  e.,  ifparinff  tb«  left  filUar  of  the  funilx,  F.;  beblod  It  has  blsccte<l  the  ttnterlnr  part  of 
ItM  pODt,  laylnpt  o|M)u  the  aqoednc;,  Aq.  (Iter  a  terUo  ad  quartum  Tentrlculutn) ;  Prntt,  the  leR  half 
of  Um  pons  In  fmotal  H-cUon  ;  Op.,  the  optic  comml«itr«  cut  acroM;  iii,  tbo  mot  of  the  third  rranUl 
mrre;  Fit.,  ibcfroDlal  pole;  Oc.,  the  occipital  pole;  CVi..  tbo  ouncus  ;  Pctl,  Iho  precunens;  (i  fn, 
O  /K  O  /n,  the  Kjmt  romlcacu* ;  the  unlettered  ftnure  teen  to  form  the  upper  boundary  of  thla 
fyrtu  In  Its  mipra-callat&l  part  It  the  (vlUnD-nmrginal ;  Aj/,  the  iMrieto-ocdpltal  flMure. 

the  whole  motor  area  and  by  the  hind  division  of  this  mesial  (>ortion  ;  that 
the  lumbar  and  thoracic  nerveis  are  represented  by  the  front  division  of  the 
same  me:»ial  portion ;  that  the  upper  thoracic  with  the  lower  cervical  nerves 
belong  to  a  region  lying  lateral  to,  and  the  upper  cervical  nerves  to  one  lying 
in  front  of  the  preceding  area ;  and,  lastly,  that  the  remaining  lateral  and 
ventral  portions  of  the  whole  motor  region  appertain  to  the  cranial  nerves. 
But  the  topographical  differentiation  does)  not  come  out  so  clearly  by  this 
method  iis  by  that  of  taking  for  our  guide  distinctive  movements  of  the 
several  parts  of  the  body. 

It  will  be  observed  that  all  these  areas  taken  together,  representeii  by  the 
portion  of  Figs.  204,  205  shaded  in  one  way  or  another,  occupy  chiefly  the 
parietal  region  of  the  cerebral  surface,  though  they  also  reach  into  the  frontal 
region.  Stimulation  of  the  front4il  region  in  front  of  this  motor  area  or  of 
the  occipital  region  behind,  whether  on  the  lateral  or  on  the  mesial  surface, 
or  of  the  temporal  region,  whether  also  on  the  lateral  or  on  the  mesial  sur- 
flioe,  or  of  the  gyrus  fomicatua  (Fig.  205)  connecting  the  frontal  and  occipi- 
tal regions  on  the  mesial  surface,  and  running  ventral  to  the  marginal  gvrus, 
does  not  give  rise  to  movements;  or,  to  be  more  exact,  does  not  give  nse  to 
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muveiuenU  comparuhle  to  those  jiiat  described  ofl  resulting  from  fltimulation 
ol'  various  parts  of  the  motor  region.  Movemeuta  do  take  place  when  cer- 
tain parts  of  the  occipital  or  of  the  temporal  region  are  Blimulaled,  hut  theee 
are  not  only  feeble  and  experimentally  uncertain,  but  api>eflr  to  be  of  a  dif- 
ferent nature  froiu  those  resulting  from  stimiilation  of  the  motor  region;  it 
will  be  convenient  to  sfu^nk  of  the  nature  and  meaning  of  this  kind  of  move- 
ment when  we  come  to  discu&s  the  development  of  sensations. 

§  667.  It  is  oinious  from  the  loregoiug  that  the  mechanism  for  the  develop- 
ment of  these  movements  of  cerebral  origin  are  far  more  highly  di^erentinted 
in  the  monkey  than  in  the  dug.  But  even  in  the  monkey  (Mitcttctts  and 
allied  forms)  the  ditierentiation  is  still  very  incomplete.  If  we  explore,  for 
instance,  the  area  for  the  wrist,  we  tind  that  its  limits  are  ill-defined.  In 
some  parts  of  the  area  we  obtain  mavemenls  ui'  tlie  wrist  only,  but  in  other 
parts  of  the  area  stimulation  produces  not  only  movements  of  the  wrist, 
out  also  of  the  shoulder  or  of  the  digits,  or  of  the  neck;  and  so  with  the 
other  areas. 

If,  however,  not  a  Macacua  or  other  ordinary  monkey,  but  the  more  highly 
deve!o|>e(i  orang-outang  be  taken  as  the  subject  of  experiments,  the  differen- 
tiation is  found  to  be  distinctly  advanceil ;  the  several  areas  are  more  sharply 
defi[ted,  and  what  is  important  to  note,  the  respective  areas  tend  tu  be  sepa- 
rated from  each  by  portions  of  cortex,  stimulation  of  which  gives  rise  to  no 
movement  at  all. 

The  opportunities  of  stimulating  the  cortex  of  man  himself  have  been  few 
and  far  between,  and  have  for  the  most  part  been  conducted  under  unfavor- 
able circumstances  ;  but  as  far  as  the  results  so  obtained  go,  they  show  that 
the  topographical  dintribution  of  are4is  for  the  several  movements  is  carried 
out  on  the  same  plan  as  in  the  monkey  (we  are  purposely  confining  ourselves 
now  to  the  rcsiilta  of  artificial  stimulation) ;  and,  moreover,  justify  the  con- 
clusion, which  a  priori  rei\si>ns  would  lead  us  to  adopt,  that  in  man  the  dif- 
ferentiution  is  advanced  still  further  than  in  the  monkey. 

Thus,  when  we  survey  a  series  of  brains  in  succession,  from  the  more  lowly 
frog,  through  the  bird,  the  rabbit,  the  dog,  and  other  lower  mammals  tip  to 
the  monkey,  the  anthrnpowi  ape,  and  so  to  man  himself,  we  find  an  increas- 
ing differentiation  of  the  cerebral  corte.x,  by  which  certain  areas  of  the  cortex 
are  brought  into  special  connection  with  certain  skeletal  or  other  muscles  in 
such  a  way  that  stitnulatlon  of  a  particular  portion  of  the  gray  matter  gives 
rise  to  a  particular  movement,  and  to  that  alone. 

§  658.  In  treating  of  the  atrueturc  (»f  the  brain  we  spoke  (§  633)  of  the 
pyrami<lal  tract  as  starting  from  the  motor  region  of  the  cortex  ;  and  it  is 
obvious  that  the  Hbres  of  this  tract  must  he  concerned  in  the  development  of 
the  movements  which  we  have  just  describe<].  When  the  movemencs  are 
brought  about  by  stimulation  of  the  fibres  in  some  part  of  their  course^  in  the 
internal  caiKtule,  for  instance,  there  can  be  no  doubt  that  the  stimulation 
starts  impulses  which,  travelling  down  the  tract  to  the  origins  of  certain 
cranial  or  spinal  ner\'ei^,  in  some  way  give  rise  to  coordinate  motor  impulst^ 
along  the  motor  fibres  of  the  nerves ;  and  we  may  with  reason  speak  of  the 
impulses  theu  passing  along  the  tract  as  motor  or  eflerent  in  nature.  When' 
the  stimuluH  is  applied  direct  to  the  cortex,  we  may  assume  that  proce»e». 
started  in  the  gray  matter,  eventuate  in  similarly  efferent  impulses  along 
the  fibres  of  the  tract.  All  the  evidence  leads  us  to  regard  this  tract  as  an 
efferent  tract. 

When  the  spinal  cord  i^  divided  in  the  lower  dorsal  region  and  the  elec- 
tnKies  of  an  electrometer  are  brought  into  c<mnection  with  the  transverse  cut 
surface  and  with  some  point  of  the  longitudinal  surface  above,  the  electro- 
meter gives  evidence  of  currents  oi  action  (manifested  as  negative  variations 
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of  a  demarcation  curreul  or  current  of  rest,  ij  07)  whenever  the  motor  area  of 
ihe  hind-limb  is  stimnhiteH,  but  n(U  when  other  parts  of  the  cortex  are  stimu- 
lated. We  have  already  =*aid  that  sLimuiation  of  any  part  of  the  motor 
region  may  under  abni)rmal  conditions  ^ive  rise  to  jjeneral  epileptiform  <Hm- 
vulaiona ;  when  these  occur  during  such  an  experiment  as  the  above,  currents 
of  action  manifest  themselves  in  the  lower  doraal  cord,  whether  the  stimula- 
tion giving  rise  to  the  convulsions  be  applie<l  to  the  area  for  the  hind-limb 
or  to  any  part  of  the  motor  region.  It  has  been  further  observed  that  the 
currents  of  action  developed  within  the  8j)inal  cord  tally  in  a  very  exact 
manner  with  the  muscular  movements.  The  convulsions  begin  with  a  sus- 
tained "tonic"  contraction  uf  the  muscles,  and  the  electrometer  shows  a 
similar  sustained  current  of  action  ;  this  is  followed  by  rhythmic  movements 
of  the  muscles,  accompanied  by  corresponding  rhythmic  movements  of  the 
mercury  of  the  electrometer.  Without  in8iflting  t(X>  much  on  the  exact 
interpretation  of  these  results,  we  may  take  them  as  at  least  showing  that, 
when  the  motor  region  of  the  cortex  is  excited,  nervous  impulse^s  accom- 
panied by  *'  current-s  of  action  "  pass  downward  along  the  fibres  of  the  pyra- 
midal tract. 

The  results  of  stimulating  the  fibres  of  the  tract  in  their  course  through 
the  corona  radiata  and  the  internal  cajic^ule,  and  the  results  obtained  by  stuoy- 
ing  the  degenerations  following  upon  injury  to  or  removal  of  the  several  parta 
of  the  cortical  motor  region,  agree  in  marking  out  the  paths  taken  by  the 
several  constituents  of  the  tract  through  the  central  white  matter  of  the 
hemiaphere,  the  corona  radiata  and  tlie  capiile.  l>)mparing  Figs.  204,  205 
with  Figs.  11*0,  200,  and  201.  it  will  be  seen  that  the  portions  of  the  tract 
destined  for  the  cranial  nerves,  and  so  for  the  movements  of  the  eyes,  the 
mouth,  face,  tongue,  pharynx,  and  larynx,  starting  from  the  ventral  part^  of 
the  more  frontal  district  of  the  motor  region,  take  up  their  p(»sition  at  the 
knee  of  the  internal  cap.'iule  ;  and  the  portion  doatined  for  those  upper 
cervical  nerves  which  carry  out  movements  of  the  head  through  the  muscles 
of  the  neck,  starting  from  the  extreme  frontal  and  dorfial  parl^  of  the  area, 
is  also  apparently  directed  to  the  knee  of  the  capsule.  The  rest  of  the  tract, 
■tarting  from  the  part  of  the  area  lying  at  once  behind  and  mesial  to  the 
above,  occupies  in  the  cApsule  a  position  posterior  to  them  in  the  hind-limb 
of  the  capsule;  and  it  will  be  observed  that  the  tract  for  the  fore-limb  which 
begins  on  the  surface  lateral  of  the  tracts  for  the  trunk  uud  hindlimb,  shifts 
its  course  in  relation  to  theirs,  so  thai  in  the  capi^ule  it  i^  in  front  of  them, 
out  lateral  to  them.  It  may  further  l>e  observed  that  while  in  the  tracts  for 
the  trunk  and  liind  limb  the  same  fore  and  aft  order  which  obtains  on  the 
surface  is  reproiluoed  in  the  capsule,  even  apparently  to  the  strange  prece- 
dence of  the  ankle  over  the  knee,  the  order  of  the  several  elements  in  the 
fore-limb  tract  which  is  lateral  on  the  surface  becomes  regularly  fore  and  aft 
in  the  cafMule.  In  the  capsule  the  several  elements  are  arranged  in  a  linear 
onier,  corre«()onding  broadly  to  that  of  the  distribution  of  the  muscles  along 
the  longitudinal  axis  <if  the  body ;  on  the  cortex  they  are  disposed  in  an 
order  the  cause  (d*  which  is  at  present  not  very  clear,  but  which  is  probably 
determined  by  the  reapeciive  relations  of  the  several  parts  of  the  motor  region 
to  the  functional  activity  of  the  other  parta  of  the  cortex.  In  the  shifting 
from  the  one  order  to  the  other,  the  several  constituent  fibres,  as  we  have 
•aid,  describe  a  somewhat  peculiar  course ;  and  when  were  member,  as  stated 
in  i  633,  that  the  order  shown  in  Fig.  11)9  is  uuly  the  order  obtaining  at  one 
particular  level  of  the  capsule,  and  that  from  the  dorsal  beginnings  of  the 
capeule  in  the  corona  radiata  to  its  ventral  end  in  the  [>es  the  capsule  is  con- 
tinually changing  in  form,  and  its  fibres  therefore  c^mtinually  shifting  their 
relations  to  each  other,  the  whole  course  of  the  several  fibres  of  the  tract  from 
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their  origiu  in  the  cortex  until  they  are  gathered  up  into  the  central  portion 
of  the  pc8  (Fig,  192,  Pif.)  must  be  a  very  complicate4l  one. 

When  the  area  of  one  hemisphere  is  stimulated,  the  movement  whicli 
results  in  iu  most  cases  seen  on  the  other  side  of  the  body,  and  on  that  other 
side  nlone.  Thus  when  the  area  for  the  fore-limb  is  shmulnted  on  the  left 
hemiephere  it  is  the  right  fure-limb  wliit-h  i*  moved.  This  is  in  accordance 
with  what  we  have  learned  of  the  pyrfimidal  trnet  and  its  ultimate  entire 
decussation  before  it  reiuhes  the  motor  nerves,  the  decussation  either  occur- 
ring massively  as  in  the  case  of  the  crossed  pyrnmidial  tract,  or  in  a  more 
scattered  manner  along  the  upper  part  of  the  spinal  cord  in  the  c-ase  of  the 
direct  pyramidal  tract ;  and.  us  we  have  seen,  there  is  a  similar  decuaeatioD 
for  such  part  of  the  pyramidal  tract  as  is  connected  with  the  cranial  nerve* 
ab(»ve  the  decussati<m  of  the  pyramids.  Mxcept  in  the  case  of  certain  areas 
for  movementH  nuturuUy  bilateral,  of  which  we  shall  speak  presently,  the 
movement  is  normally  on  the  crossed  side,  and  on  the  crussed  side  only. 
Under  abnormal  conditions,  however,  the  limb  of  the  other  side — that  is,  (»f 
the  same  side  as  the  hemisphere  stimulated— may  move  a'so.  But  such  an 
abnormal  movement  of  the  same  ?ide  has  not  the  same  characters  as  the 
proper  movement  of  the  crossed  limb,  In;«tead  of  being  an  onlerly  coOrdi- 
uiite  niovenietu,  It  is  a  more  simple,  either  tetanic  or  perhaps  tonic,  or 
rhythmic,  chmic,  contraction  of  the  muscles.  Obviously  its  mechanism  is  of 
a  diiferent  nfttiirc  from  that  by  which  the  proper  movement  of  the  crossed 
limb  is  ejected  ;  hut  it  is  important  to  bear  in  mind  that  a  movement  of 
the  uncrossed  limb  may  take  place;  and  furtlier  that,  the  abnormal  condi- 
tions continuing,  .similar  movements  of  an  uncoordinated  character  may 
spread  to  the  hind-limb  and  other  parta  of  the  crossed  side,  though  the  stimu- 
lation be  still  confined  to  the  arm  area,  then  to  other  parts  of  the  uncrowetl 
side,  until,  ag  we  have  said,  the  wliole  body  is  thrown  into  epileptiform  con- 
vulsions. This  feature  must  not  be  forgotten.  In  fact,  it  may  be  fairly 
insisted  upon  that  while  we  muy  speak  of  a  particular  coordinate  movement 
as  being  the  normttl  outcome  of  an  or<linary  careful  stinmlation  of  a  par- 
ticular area  in  a  normal  condition,  it  is  no  less  true  that  dilfuso  unc^virdinaied 
movements,  culminating  in  general  epileptiform  convulsions,  are  the  natural 
outcome  of  the  stimulation  of  any  area  in  an  abnormal  condition.  And  in 
attempting  to  form  any  opinion  of  the  nature  of  the  first  act,  we  must  bear 
the  second  iu  mind. 

As  we  said  above,  the  movements  resulting  from  cortical  stimulation  are 
most  conveniently  described  iu  terms  of  purtsr)!  the  btwly — of  the  arm»of  the 
thumb,  of  the  tongue,  etc.  The  movements  of  the  same  part  may  be 
further  distinguished  by  means  of  the  nomenclature  usually  adoutcd  in 
8j>eakiug  of  muscular  movements,  such  as  flexion,  extension,  abauctioo. 
adducticm,  etc. ;  so  that,  within  the  area  tearing  the  name  of  gome  particular 
part — such  as  the  wrist,  for  instance — we  have  to  distinguish  an  area  for  the 
flexion,  and  another  for  the  extenaicm  of  that  joint;  and  in  like  manner  in 
reference  to  other  parts.  But  it  will  be  readily  understood  that  it  ia  etiaier 
to  map  out  the  area  for  a  particular  part  than  to  distinguish  the  areas  cor- 
responding to  the  several  movements  of  that  part.  Hence  the  nomenclature 
usually  adopted  in  speaking  of  the  motor  region  is  one  based  on  the  pHrt«  of 
the  body  nmved.  rather  than  on  the  character  of  the  movements.  The  more 
closely,  however,  the  movements  in  question  are  studied,  the  more  probable 
it  appears  that  the  localization  which  obtains  in  the  cortex  is  essentially  a 
localization  corresponding  not  to  parts  of  the  body,  or  to  nerves,  or  to  mus- 
clee.  but  to  movements.  In  considering  this  point  it  must  be  remembered 
how  nide  and  barbarous  a  method  of  eiimulation  is  that  of  applying  electrodes 
to  the  surface  of  the  gray  matter  compared  with  the  natural  stimulation  which 
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take8  nlnce  during  cerebral  action  ;  the  one  probably  is  about  aa  much  like 
rhe  tiincr  us  is  sirikinj^  the  keys  of  n  piuno  at  u  distance  with  n  broomstick 
to  the  execution  of  a  sklllfti  mtisician.  Were  it  in  our  |H)wer  to  stimulate 
the  cortex  in  any  way  at  all  approaching  the  natural  method,  we  8h(nil(l  in 
m]\  probability  arrive  at  two  results ;  on  the  one  hand,  we  should  be  able  to 
produce  al  will  a  variety  of  movements  of  ditTerent  degrees  of  complexity, 
some  very  simple,  others  very  complex,  and  for  these  we  should  have  to  use 
Dames  suggested  by  the  characters  and  purpose  of  each  movement,  and  by 
these  alone;  on  the  other  hand,  we  should  find  very  tlecided  limits  to  the 
number  and  kind  of  movements  which  we  could  evoke,  limits  Hxed  in  the 
ca»e  of  each  subject  jnirtly  by  inherited  organization,  partly  by  the  triiiuiug 
of  the  individual. 

Some  such  results  of  refined  experiiuGutation  are,  indeed^  already  fore- 
shndowed  by  the  rude  results  of  our  present  rough  methods.  The  movements 
which  usually  follow  stimulation  of  the  motor  region,  and  which  we  have 
described  as  flexion,  etc.,  arc,  so  to  speak,  the  elementary  factors  of  ordinary 
bodily  movements,  the  detachfd  and  imperfect  chords  of  a  musical  piece; 
and  in  the  following  facts  relating  to  their  [innhiction  we  can  recognize  the 
influences  of  organization  and  habit.  As  we  have  said,  stimulation  of  the 
motor  area  of  one  hemisphere  produces  movements,  as  a  lule,  which  are 
limited  to  one  ^ide  of  the  body,  and  that  the  opposite  side.  Now  Uah  in 
oarselvos  and  in  the  higher  animalst  a  large  number  of  bodily  movements, 
especially  of  the  limbs,  are  habitually  unilateral ;  and,  putting  aside  the 
i|U««tiou  why  there  rihould  he  two  halves  of  the  brain,  and  why  the  one  half 
of  the  brain  should  be  associated  with  the  cross  half  of  the  body,  we  may 
recogni/e  in  the  unilateral  crossed  movement  resulting  from  stimulation  of 
the  cortex  an  accordance  with  natural  habits.  But  some  movementa  of  the 
h«Miy  are  ordinarily  bilateral ;  the  two  eyes,  for  instance,  are  ordinarily 
moved  together,  and  the  two  sides  of  the  trunk  move  together  very  much 
more  frequently  than  do  the  two  fore  limbs  or  the  two  hind-limbs.  And  in 
accordance  with  this  we  find  that  stimulation  of  the  motor  area  for  the  eyes 
on  either  hemisphere  produces  movements  of  both  eyes,  and  stimuJation  of 
the  trunk  area  of  one  hemisj>here  is  also  very  apt  to  produce  bilateral  action 
of  the  trunk  muscles;  in  such  in.stances  the  movements  on  both  sides  are 
quite  normal  movements.  We  may  incidentally  remark  that  removal  of  the 
trunk  area  leads  to  a  good  deal  of  bilateral  degeneration,  that  is,  to  degener- 
ation of  strands  in  the  pyramidal  tracts  of  both  sides,  whereas  such  a  bilateral 
degeneration  is  comparatively  scanty  after  removal  of  the  le^  or  arm  area. 

That  it  is  the  movement  and  not  the  part  moved  whicli  is,  so  to  speak, 
represented  on  the  cortex  is  further  shown  by  the  relative  magnitudes  of  the 
Mveral  c<»rtical  areas  when  they  are  mapped  out  according  to  ptivta  of  the 
body.  The  area  for  the  arm,  for  instance,  cf  Figs.  *204,  '205.  is,  so  to  speak, 
enormous  c<jm|)ared  to  that  of  the  trunk  when  the  relative  bulks  of  these  two 
parts  of  the  body  are  considered;  and  within  the  arm  area  itself  the  space 
occupied  by  the  thumb  and  forefinger  and  digits  is,  bulk  for  bidk.  out  of 
proportion  to  the  space  alluted  to  the  shoulder;  so  also  the  area  for  the  eyes 
or  for  the  mouth  is  out  of  proi>ortion  to  the  size  of  those  organs.  But  these 
relative  sizes  of  the  resjtective  areas  become  intelligible  when  we  bear  in 
mind  relative  mobility,  nimbleness,  and  delicacy  of  execution  ;  in  these 
tcspeda  the  shoulder  is  far  behind  the  thumb,  while  the  eyes  and  mouth 
•Drpaas  most  other  parts  of  the  body. 

We  are  brought  yet  a  step  further  when  we  compare,  in  respect  of  the 
cortical  motor  region,  animals  of  different  grades  of  organization  ;  and  the 
results  thus  obtained  lead  us  to  the  conclusion  that  the  motor  region  is  corre- 
lated not  to  movements  in  general,  but  to  movements  of  a  particular  kind. 


820 


THK    BRAIN. 


Taking  in  series  the  rabbit,  the  doff,  the  moukey.  and  man,  we  find  iu  paating 
from  one  to  the  other,  an  increase  in  prominence  and  in  ilitrerentiation  of  tlie 
motor  region  accomprtnied  by  an  increa&e  in  the  bulk  of  the  pyramidal  tract; 
among  the  many  striking  difiereuces  between  the  brains  of  theae  eeveral  ani- 
mals, these  two  features,  the  increasing  complexity  of  the  motor  region,  and 
the  increasing  size  of  the  pyramidal  tract,  are  among  the  most  striking.  The 
size  of  the  [)yramida]  tract  is  itself  correlateil  to  the  complexity  of  the  motor 
region,  iiud,  being  the  more  easily  determined,  may  be  used  as  indicating 
both  ;  the  difierence  in  the  size  of  the  pyramidal  tract  in  these  aaimaU  is 
seen  ail  aloug  the  whole  length  of  the  cord  (Fig.  206).     Now  as  regards 
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MAN  MONKCr  DOfi 

ItUOSAM  TO  ILLOKTBATE  THE  RELATIVE  SiZC  OF  THE  PYRASOtlAl.  TRACT  IN  TUE  DOV,  MORKXY.  4KD 

Man  .  (SacnaucQTotr.) 
The  fisrure  shown  In  outline  the  lAteral  bulf  of  tbc  cord,  ftt  tbe  level  of  the  fifth  tbonete 
in  A.nuu;  B,  monkey;  C.  <loff.  A  U  a  reproOuctiou  of /V  In  Fig.  182;  BindC  are  (Imrn  of  the 
nmeilcau  A.  Py,  ^liaded  obliquely,  the  pyraTnlda!  tract;  thetlepth  of  KluuJiug  ln(lU«l«8  that  the 
timet  Is  more  crotpded  wiOi  tnie  pyramidal  flbrcs  as  welt  lu  liir^r  In  A  than  In  B,  and  In  D  than  inC. 
loB,  Pff'  Una  outlying  portionortbepytmmldaUractscparat«il  from  the  rut  by  tbe  cerebellar  tACiL 
Pt/.d,  tbe  direct  pyraxnidal  tract,  present  in  roan  only.  The  gray  matter  seem*  relatively  Imtigii  In  C 
becanae  the  aecilon  was  taken  Clnm  &  very  ynnng  puppy. 

mere  Quantity  of  movement,  if  we  may  use  such  an  expression,  the  differ- 
ences between  thei^e  animals  are  of  no  great  moment.  If  we  were  Ui  take 
the  amount  of  energy  expended  as  movement  in  twenty-four  huurs  jier 
gramme  of  muscle  preftent  in  the  body  in  each  of  the  four  caj^ea,  we  should 
certainly  not  find  tmy  correspoDdenee  between  that  and  the  size  of  the  pyra- 
midal tract.  If,  however,  we  take  a  ))articular  kind  oi'  movement,  what  we 
may  perhaps  call  skilled  movement,  that  is.  movement  carried  out  by  means 
of  intricate  changes  in  the  central  ner\'ou8  system,  we  do  find  a  remarkable 
parallelism  in  the  above  cases  between  the  amount  of  such  skilled  movement 
entering  into  the  daily  life  of  the  individual  and  the  size  of  the  pyramidal 
tract.  In  these  two  respects  man  is  much  above  the  monkey,  and  tbe  monkey 
far  above  the  dog.  We  may  conclude  then  that  the  cortical  motor  region  is 
in  some  way  especially  concerned  with  the  kind  of  movement  which  we  have 
calle<l  "skilled." 

§  659.  These  skilled  movements  are  to  a  large  extent,  though  not  exclu- 
sively, voluntary  movements.  We  have  in  a  previona  section  seen  reason  to 
believe  that  the  cerebral  cortex  is  in  some  way  especially  associated  with  the 
development  of  voluntary  movement*.  Putting  together  this  onclusiou  and 
the  conclu8i{m8  just  arrived  at  we  are  naturally  led  to  the  further  coucluaiou 
that  the  cortical  motor  region,  with  the  pyramidal  tract  belonging  to  it. 
plays  an  important  part  in  carrying  out  voluntary  movements.  Do  (Hher 
tacts  support  this  view^  and  if  so.  what  light  do  they  throw  ou  tbe  question 
as  to  what  part  and  what  kind  of  part  the  motor  region  thus  plays  ? 
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In  this  connection  we  naturally  desire  to  know  what  are  the  reeults  of 
reniovin>^  (Vom  an  otherwise  intiict  animal  the  whole  motor  region,  and  more 
eap«cialty  this  or  that  particular  portion  of  it.  Before  proceeding  further, 
however,  we  may  «>nce  more  cull  uttontioii  to  the  caution  given  in  §5^3,  and 
repeated  in  !i  lUl  ;  indeed,  when  we  consider  the  high  orj^nizftlion  and  com- 
plex functions  which  obviously  belong  to  the  cortex,  when  we  bear  in  mind 
that  it  ap{>ear8  to  govern,  and  must  therefore  he  bound  by  close  ties  to  almost 
all  the  rest  of  the  central  nervous  system,  we  must  he  prepared  to  iind  after 
removing  a  portion  of  cortex  that  the  pure  "  deBciency  "  phenomena,  tboee 
which  result  from  the  mere  absence  of  a  piece  of  the  cortex,  are  largely 
obscured  by  the  other  effects  of  the  operation. 

In  the  rabbit  the  rcauks  have  been  almost  purely  negative.  When  in  this 
animal  the  part  of  the  cortex  which  may  be  considered  as  the  motor  region 
is  removed,  nothing  remarkable  is  ol>served  iu  the  movements  of  the  animal. 
We  can  hardly  suppose  that  the  oi>eration8  of  ihe  central  nervous  system  are 
the  i^me  in  au  0|>erated  as  in  an  intact  animal,  and  the  differences  induced 
ought  to  bt!  betrayed  by  the  movements  of  the  body;  but  at  present  they 
hftve  eecapeil  observation. 

In  the  dog  the  removal  of  an  area  is  followed  by  a  loss  or  diminution  of 
voluntary  movement  in  the  corresponding  part  of  the  body.     When,  for  in- 
ftaJice,  the  area  for  the  fore  limb  h  removed  from  the  left  hemisphere,  the 
right  forelimb  is  completely  or  jKirtially  "  panilvzed."     In  carrying  out  its 
ordinary  movements  the  operated  animal  makes  [ittle  or  no  use  of  its  right 
fore-limb.     But  this  state  of  things  is  temporary  only.     After  a  while  the 
animal  regains  [>ower  over  the  limb,  and  in  succe-ssfu!  cases  recovery  is  so 
complete  that  it  is  impotisible  to  point  out  in  the  !tmb  any  appreciable  devia- 
tion from  the  normal  use.     Ami  careful  cxiinnnation  after  (Icath  has  shown 
not  only  that  the  area  had  been  wholly  renin ved.  but  also  that  there  was  no 
regeneration  of  the  lost  parts;  the  removal  of  the  cortex  leads  in  such  cases, 
M  usual,  to  degeneratioB  of  the  corresponding  strand  in  the  pyramidal  tract 
right  away  from  the  cerebral  surface,  to  the  endings  of  the  strand  in  the  cer- 
vical and  dorsal  spinal  cord.     Xorcan  it  he  urged  in  such  cases  thfit  diffused 
■vemnants  of  the  arm  area  had  been  left  in  the  remaining  parts  of  the  motor 
vegion  ;  for  the  whole  motor  region  has  been  removed,  and  yet  the  animal 
fttas  recovered  to  such  an  extent  that  a  casual  observer  could  detect  no  differ- 
ences between  the  movements  of  the  two  sides  of  the  body.     Closer  exaraina- 
Kion  did  disclose  certain  imf>erfections  of  movement;  but  the  operation  had 
tnvolved  injury  to  or  produced  changes  in  structures  other  than  the  motor 
■vgion,  and  the  imperfections  might  have  been  due  to  the  additional  damage. 
3'kor  can  it  be  urge<l  that,  in  such  a  case,  where  one  side  is  removed,  the 
■remaining  hemisphere  takes  on  double  functions  ;  for  the  greater  part  of  the 
otor  areas  have  been  removed  on  both  sides,  and  yet  the  animal's  move- 
ents  have  been  so  far  apparently  complete  that  a  casual  observer  would  see 
^nothing  strange  in  them.     Again,  the  whole  motor  region  has  been  removed 
•rom  one  hemisphere  in  a  young  puppy,  and  sometime  later  when  the  raove- 
^tuenti)  seeraeii  to  have  recovered  their  norma!  coudiiii>n,  the  removal  of  the 
^cnotor  region  of  the  other  hemisphere  has  protluced  merely  a  paralysis  of  the 
-^^rottsed  side  of  the  body,  and  that  as  before  only  of  a  temptjrary  character. 

Two  things  have  to  be  noted  here.     In  the  first  place,  the  removal  of  an 
^rea  doea  affect  the  movements  which  are  brought  about  by  stimulating  that 
vrea.  it  leads  to  their  disap|>earance  or  at  least  to  great  diminution  of  them  : 
d  this  afforfis  an  additional  argument  that  the  connection  between  the  area 
«nd  the  movement  is  a  real  and  important  one.     In  the  second  place,  the 
physiological  effect  is  temporary  only,  though  the  anatomical  results  of  the 
operation  are  permanent,  for  the  cortex  is  never  renewed,  and  the  pyramidal 
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tract  degenerates  along  its  whole  length,  never  to  be  restored  ;  this  shows 
that  we  have  to  deal  here  with  events  of  a  very  complex  charaoter.  When 
u  particular  movement  re!*ult«  from  stimulation  of  the  apprnpriate  cortical 
area,  we  may  be  sure  that  whatever  takes  place  in  the  cortex  and  along  the 
pyramidal  tract,  motor  impulses,  duly  coordinatetJ,  pai<8  along  certain  anl^ 
nor  roots  to  certain  muscles  ;  and  we  know  that  if  we  removed  a  Hifiicieut 
length  of  each  of  those  anterior  roola  that  particular  movement  would  be 
lost  for  the  rest  of  the  life  of  the  individual.  We  may,  therefore,  infer  that 
the  eventa  which,  whatever  tie  their  exact  nature,  takiiij^  place  iu  the  cortex 
and  along  the  pyramidal  tract  lead  ultimately  to  the  issue  of  motor  impulsea 
along  the  anterior  roote,  differ  essentially  from  the  events  attendiug  the 
transmission  of  ordinary  motor  impulses. 

In  the  case  of  the  monkey,  the  results  of  removing  parts  of  the  cortical 
motor  region  have  not  been  so  accordant  as  in  the  case  of  the  do^.  The 
two  animals  agree  perfectly  in  so  far  that  the  removal  of  a  particular  area 
leads,  as  an  immediate  result,  to  the  loss  of  the  corresponding  movement  : 
but  wiiile  in  some  insiances  recovery  of  the  movement  has  in  the  monkey  as 
in  the  dog  after  a  while  taken  place,  in  other  instances  the  **  paralysis"  has 
ap|>eared  to  be  jiermaneiit.  Ana  rule  the  paralysis  caused  by  a  large  lesion 
is  not  only  more  extensive,  hut  also  of  longer  duration  than  that  cau^ted  by 
a  small  one  ;  and  natunil  bilateral  movements,  as  of  the  eyes,  reappear 
earlier  than  unilateral  movements.  The  facts,  however,  within  our  knowl- 
edge relating  to  the  permanence  of  the  eflect  are  neither  numerous  uor  exact 
enough  to  justify  at  present  a  definite  conclusion.  On  the  uuc  baud,  the 
positive  cases  where  recovery  has  taken  place  are  of  more  value  than  the 
negative  ones,  since  in  the  latter  the  recovery  may  have  been  hindered  by 
concomitant  events  of  a  nature  which  we  may  call  accidental ;  and  it  i«  at 
least  a  priori  most  unlikely  that  tlie  pyramidal  tract  mechanism,  if  we  may 
use  the  expression,  though  it  may  diiier  in  the  monkey  and  the  dog  in  de^rree 
of  development,  differs  so  es-^entially  in  kind  that  damage  of  it  leads  in  the 
one  case  to  permanent,  and  in  the  other  to  mere  temporary,  loss  of  function. 
AVe  may  add  that  we  should  further  exjieet  to  meet  in  the  monkev  wilh 
more  prominent  and  mure  lasting  cumplioations  due  to  the  subsidiary  eHects 
of  the  operation,  and  it  may  be  dimbted  whether  in  any  of  the  recorded 
experiments  the  animal  has  been  allowed  to  live  a  suHicient  time  for  these 
subsidiary  events  to  have  cleared  away,  leaving  only  what  we  have  called 
the  "deficiency"  phenomena,  due  to  the  loss  of  the  cortical  area  alone.  On 
the  other  hand,  it  must  be  remembere<l  that  the  movements  of  the  monkey 
are  more  intricate  in  orijrin,  mori!  ".skilled"  than  those  of  the  dog;  and  it 
may  be  that  differences  in  the  characters  of  movements  determine  the  possi- 
bility of  their  recovery.  lu  illustnitiun  of  this  we  may  quote  the  expe- 
rience that,  after  the  removal  of  the  arm  area  in  the  monkey,  a  certain 
awkwardness  in  the  movements  of  the  thumb  ia  one  of  the  last  effects  of  the 
operation. 

^660.  Before  we  proceed,  however,  any  further  in  the  discuasioo.  it  will 
be  of  advantage  to  turn  aside  to  what  is  known  oonoerning  the  cortical 
motor  region  in  man.  As  we  have  already  said,  theoretical  considerations 
lead  us  to  believe  that  the  cortical  motor  region  in  man  is  disposed  in  accord- 
ance with  the  plan  of  the  anthropoid  a[>e  as  ascertained  experinieulally.  but 
with  the  dif!erentiation  carried  still  further;  and  the  few  cases  of  ex|)en' 
mental  stimulation  of  the  human  cortex  support  this  view.  Our  chief 
knowledge  in  this  matter  is  derived  from  the  study  of  disease;  and  in  lhi» 
the  advantages  of  dealing  with  one  of  ourselves  are  largely  counlerbalanced 
by  the  disadvantages  due  to  disease  being  so  often  auatoniically  difluse  and 
physiologically  changeful  and  progressive. 
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We  said  above  that  during  cx[>eriments  on  animals  etimulation  of  any 
pnrt  of  the  motor  region  may  under  abnormal  conditions  lead  to  general 
epileptiform  convulsions.  Now  clinical  study  has  shown  that  in  man  certain 
kinds  of  epileptic  attacks  tirv  nf  similar  cortical  orijjjin.  In  these  ca^es  it 
has  been  observed  that  the  attack  begins  in  a  particular  movement,  by  con- 
tractions of  particular  muscles  or  of  the  muscles  oC  a  pariiniilar  region  of 
the  Unly,  of  the  hand,  foot,  toe,  thumb,  etc,  and  then  spreads  in  a  definite 
order  or  "  march  "  over  the  muscles  of  other  regions  until  the  whole  body  i« 
involved.  When  in  an  experiment  on  an  aninuil  epileptiform  convulsions 
8U|>ervene,  they  similarly  start  from  the  region  of  the  body,  tlje  motor  area 
of  which  is  beneath  the  electrodes  at  the  time,  and  similarly  spread  by  a 
definite  "  march  "  over  the  whole  body.  Hence,  in  the  human  epileptiform 
attacks  of  which  we  are  speaking,  it  has  been  inferretl  that  the  immediate 
exciting  cause  of  the  attack  is  to  lie  sought  in  cvcntn  taking  place  in  that 
part  of  the  cortex  which  serves  aA  the  area  for  the  movement  which  ushers 
la  the  attack.  Further  in(|uiry  has  not  onfy  confirmed  this  view,  but  has 
also  shown  that  the  tnj)ografdiy  i>f  the  curtical  areas  in  man,  as  thus  deter- 
mined, very  closely  follows  tliut  of  the  monkey. 

Other  diseases  of  the  cortex  have  been  marked,  among  other  symptoms^ 
by  loes  or  impairment  of  particular  movements.  In  nioet  of  such  cases  the 
cortical  lesion  has  been  of  such  an  extent  as  to  involve  a  number  of  special 
areas  at  the  same  tittie,  and  so  to  lead  to  loss  or  impairment  of  movement 
over  relatively  considerahle  regions  of  the  body,  such  as  the  whole  of  one 
arm  ;  and  in  general  the  teaching  of  these  cases  of  disease,  while  cmfirming 
the  deductions  from  the  tnonkey,  and  giving  us  some  general  idea  of  the 
topography  of  the  human  motor  cortical  region,  haa  at  present  given  us 
approximate  results  only.  Figs.  209  and  210  show  in  broad  diagrammatic 
manner  the  position  and  relative  extent  of  the  motor  areas  for  the  leg,  arm, 
and  face  in  man,  as  far  as  has  yet  been  ascertained.  To  assist  the  reader 
we  give  at  the  same  time  diagrams,  Figs.  207  and  208,  illustrating  the  no- 
menclature of  the  surface  of  the  human  brain. 

One  area  is  of  special  and  instructive  interest.  Speech  is  an  eminently 
"skitletl  "  movement.  We  have  seen  that  in  the  monkey  the  area  for  the 
mouth  and  tongue  lies  at  the  ventral  end  of  the  central  Hssure  or  Hasure  of 
Rolando,  ventral  to  the  arm  area,  and  that  the  extreme  ventral  and  front 
part  of  the  motor  region  just  above  the  fissure  of  Sylvius  supplies  an  area 
which  we  marked  as  that  of  phoimtion  (Fig.  204).  In  the  monkey  the  area 
of  phonatiou  is  determined  by  experimental  stimulation  ;  in  man,  in  a 
sinular  prtsition,  on  the  third  or  lowest  frontal  convolution,  sometimes  called 
Broca's  convolution,  ventral  to  and  in  front  of.  and  probably  overlapping 
backward,  the  area  which  in  Fig.  209  is  marked  **  face,"  and  which  includes 
the  mouth  and  tongue,  clinical  study  has  disclosed  the  existence  of  an  area 
which  may  l>e  spoken  of  aa  the  area  of  '*  speech."  Lesions  of  the  cortex  in 
this  area  cause  a  loss  of  or  interference  with  speech,  the  condition  being 
known  as  apfuuia:  to  this  we  shall  presently  return.  In  Fig.  209  this  area 
u  shown  in  an  approximate  manner. 

The  movements  of  speech  are  e:«entially  bilateral  movements.  In  the 
dog  and  monkey  various  bilateral  movements  may  be  excited  by  stimulation 
of  the  appropriate  area  in  either  hemisphere;  and  analogy  would  lead  us  to 

ippoee  that  in  man  the  movements  of  speech  would  be  connected  with  the 
»ch  aren  in  both  one  and  the  other  hemisphere.  The  nsulta  of  lesions, 
however,  show  that  it  is  in  most  cases  especially  the  left  hemisphere  which 
is  connecte<]  with  speech;  it  is  a  lesion  in  the  third  frontal  convolution  of 
the  left  hemisphere,  often  associated  with  other  lesions  of  the  same  hemi- 
sphere leading  to  paralysis  of  the  right  side  of  the  body  and  face,  which 
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causes  aptiiiHia,  it  being  liiily  iu  exceptional  cas^  that  the  condition  results 
from  a  lesion  uf  the  corresjKiiKling  area  of  cortex  on  the  right  hemisphere. 
In  juan,  then,  cliniral  stuilv  corroborates  the  coucIubIods  deduced  from 
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m  both  flgmtti  tbc  ffuici  an  iiidtcatcd  by  italic  aud  Uio  convolutions  by  rofun  type-  Ttie  foUov- 
iBK  list  of  some  •ynonynw  w&y  perhiipt  be  of  age  in  oonnucUon  with  Uieie  flgorw  aud  ihoRe  of  Uie 
bnUn  of  the  monkey  f  FIkh  an  and  W)5). 

OyK  or  rnnro/ttHniir.  Hrecentnil  or  anterior  central  —  ucendinff  fbontftl.  PoetcentnU  or  po«t«fftot 
oeatiBl  —  EBceiidlug  imrlutjil.  Superior  (tiinponl  ~  fufra- marginal  —  Qrat  tampnral.  TrianRular  Intxitt 
»  canetUL  Cenlml  lobe  —  Island  of  Rell.  Paraceutnl  lobule  —  the  meaial  (ace  of  the  lupeilur 
frontal,  nithln  tho  marifinal  tryniA.  nngulum  —  tbc- i<art  of  llic  gyrus  rornioatu»  « bleb  adjolus  the 
corpuB  callofutn.  Gyrus  hippocampi  '^  uncinate  >0'ruf*,  tbouch  the  Utter  nuine  i^  Hnnetiniei  i^ 
stricted  In  the  ftnnt  [Art  of  the  hlppocampal  gyrus :  tbo  two  may  be  cun«ldcred  a«  a  contlntiaUan  of 
thegyru*  fomlcatua.  and  the  three  toevthur.  forming  a  scries,  have  bean  called  "  the  gn^ii: limbic 
lobe." 

Sulci  or  /iMurts.  Central  —  RolandJc,  or  of  Riilaiido,  Pcrpendioular  *-  parieto-ocdiillftL  Parietal 
—  IntnrjMrietal  or  HoiueUmes  laIe^parlctal.    TumimrxHSpbenoldal  lobti  —  MmponU  lobe. 
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the  experimental  investigAtion  of  the  Hog  and  ot  the  monkey,  but  still 
Ieave«  ua  in  uncertainty  as  to  the  question  what  and  what  alone  are  the 
abt^ilutcly  |)ertuanent  eH'eotJj  of  the  Uvaa  of  a  cortical  urea  and  nothing  else. 
On  the  one  hand,  in  the  caj»es  in  which  recovery  of  a  movement  follows  upon 
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TffC  CoRTiCAi.  ARKAfi.  (Redoccd  ftom  natute.) 
Tbe  padtton  of  the  weaa  of  the  cortux  L'oncenied  with  movetncnti  of  the  ftacc,  arm.  iuhI  le^,  and 
with  the  wiues  of  ilffht  and  hearing  are  approximately  shown.  The  position  of  tbe  area  ooDDectod 
with  s|Kecb  (Bioca'a  centre)  la  alM)  shown  fbr  the  take  of  coinpartaon  of  It  with  tbe  poeiUoD  of  the 
other  arcAs ;  ihft  repreaentatlon  of  Bpe«oh  In  the  eortez  cerebri  Ues,  bowerur,  in  the  U;fl  beralapbere 
chiefly.  Oc.  X.,  oedpital  lobe ;  J^.  £,  (WuIhJ  lobe;  71^  I,  Uunporatlobe ;  iiy. /■  the  flauro  of  Sylrliu ; 
€./,  tbe  orntift]  tman  (Rolandic) ;  Cm./,  indicate*  tbe  podtion  of  tbe  poeterlor  end  of  tbe  calloeo- 
mvylnai  ftanre, 
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VnuL  BURrACR  or  the  Riaar  CenutHAt.  HuiRrsKRR  of  Uak  iv  OvrLnra,  to  iLLnmLATv 
THa  Cortical  Areas. 

Tbe  areai  ahown  are  thoee  connected  with  the  Bovements  of  tbe  le^.  and  with  the  leniee  of  alght 
■Dd  mwlL  /v.  X,  tbe  ftonlal  pole  of  the  bemlMpbere ;  Oe.  L,  tbe  occipital  pole ;  TV.  L,  tbe  t«m- 
pacal  pole;  On./,  the  calliwo-miirglnal  fiarare  aepamtlng  tbe  mar)ginal  gynu  above  from  tbe  gytxu 
ftmlcfttoa  below  ;  Q^,  mnrkii  the  slttiatlon  of  tbe  central  Ibeure.  tbe  Osaure  Itself  not  being  apparent 
on  the  mesial  aspect  of  the  heitilaphere.  Tbe  eorpua  calloaom  and  tbe  anterior  DommJnrare  are  eeen 
In  eroaa  eertlon. 
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its  loss  or  impairment,  it  19  open  for  uu  to  suppose  that  the  lesion  it»elf  wu^ 
temporary,  aud  that  with  tlie  cure  of  the  nialnd}'  the  cortical  area  regained'] 
its  normal  condition.  On  the  other  hand,  where  the  disease  coatlouea,  the 
perniaueiicy  of  the  loss  of  any  movement  may  he  attributed  to  the  ciiseMB 
doinj;  more  than  merely  suspend  the  function  of  the  cortical  area.  Aphasia, 
especially  in  young  persons,  has  been  followed  by  recovery,  but  in  suc-h 
case«  it  hai!  been  gupf>06eil  that  the  dormant  area  on  the  right  side  has  been 
awakened  to  activity  by  the  loss  of  the  left  area;  and  in  support  of  ihis 
view  cases  have  been  recorded  iu  which  a  Hrst  aphasia^  due  to  a  lesion  on 
the  left:  Hide  has  l>een  followed  by  a  Becond  uphaaia  due  to  a  seifuent  lesion 
occurring  on  the  right  side.  On  the  whole,  perhaps,  the  evidence  of  clinical 
study  tends  to  show  that  iu  man  the  loss  of  movemeul  due  to  the  destruction 
by  disease  of  an  area  is  a  permanent  one,  though  actual  demonstration  of 
this  is  wanting. 

§  661.  We  may  now  return  to  the  discussion  of  the  question,  What  is  the 
part  played  by  a  motor  area,  aud  by  the  contribution  from  that  area  to  the 
pyramidal  tract  in  currying  out  the  movements  with  which  the  area  ia  bobo- 
ciated? 

We  may  premise  that  the  evidence  points  very  distiuctly  to  the  conclusion 
that  whatever  be  the  nature  of  the  wliole  chain  of  events  of  which  the  cortical 
area  seems  to  be  a  sort  of  centre,  the  fibres  of  the  pyramidal  tract  serve  as 
thy  cliannal  of  processes  wliich  we  must  regard  as  etfereut  in  nature.  It  is 
perfectly  true  that  in  many  crises  at  least  the  removal  of  a  cortical  area  has 
led  to  diminialied  sensibility  of  the  part  in  which  movements  are  e.xciteil  by 
stimulation  of  the  area;  and  there  are  many  facts,  of  which  we  shall  pres- 
ently cjuote  a  very  striking  one,  which  go  to  show  that  the  cortex  of  the 
motor  region  is  largely  inlluenced  by  sensory  impulses  from  various  parts  of 
the  body;  but  we  cannot  suppose  that  the  pyramidal  tract  is  the  channel 
by  which  such  sensory  impulses  reach  the  cortfx.  As  we  have  previousl^r 
(J  569)  urged,  the  fact  that  the  defeneration  of  the  fibres  in  the  tract  is 
descending  one,  cannot  be  trusted  1by  itself  to  prove  that  the  direction  in] 
which  the  fibres  carry  impulses  ia  only  that  from  the  cortex  downward  ;  buti 
this  added  to  the  fact  that  when  the  fibres  of  the  tract  are  stimulated  at  any 
jmri  of  their  course,  movements,  the  signs  of  the  occurrence  of  efferent  cen- 
trifugal impulses,  are  produced,  leaves  no  doubt  that  the  tract  is  one 
efferent  fibres.  Hence  we  may  infer  that  whatever  be  the  nature  of  t 
events  taking  place  in  a  motor  area  during  the  carrying  out  of  a  movemenl 
the  part  played  by  the  fibres  of  the  pyramidal  tract  is  that  of  carrying' 
efferent  impulses  from  the  area  to  the  muscles  concerned. 

Let  us  consider  first  the  movements  of  speech  in  man,  the  evidence  t'lueh- 
ing  the  connection  of  which  with  an  area  on  the  third  frontal  convolution 
ap|)ear8  so  very  clear.  Speech  is  eminently  a  "skilled"  movement;  it 
involves  the  most  delicate  coordination  of  several  muscular  contractiunvj 
and  we  may  certainly  say  of  it  that  it  has  to  be  "  learned."  The  whole  chain 
of  co6rdinated  events  by  which  the  utterance  of  a  sentence,  a  word,  or  any 
vocal  sign  is  accomplished  consists  of  many  links,  the  breaking  of  any  of^ 
which  will  lead  to  failure  of  one  kind  or  another  in  the  act.  Something 
go  wrong  in  the  glossal  or  other  muscles,  in  the  nerve  endings  in  th* 
muscles,  or  in  the  fibres  of  the  nervea,  hypoglossal  and  others,  between  th( 
central  nervous  system  and  the  muscles,  or  something  may  go  wrong  in  that^ 
part  of  the  central  nervous  system,  the  bulb  to  wit,  in  which  a  certain  ai 
of  coordination  is  carried  out  just  previous  to  the  i.'w^ueof  the  motor  impul 
Damage  done  to  any  of  these  parts  of  the  mechanism  may  leai]  to  dumbn< 
or  to  imperfect  speech.  In  the  latter  case  the  imperfections  have  a  c 
character ;  if  we  are  at  all  able  to  gather  the  wish  of  the  s]>eaker.  we  recog-'^ 
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□ize  that  he  is  altemplinu  to  uttor  the  rij;ht  words  in  the  right  sequence,  but 
that  ins  ettbrta  are  frustrated  by  imi)erfecL  cuordinatioii  ur  in]j)ertect  muscular 
action  ;  his  s|>eech  is  '*  thick,"  the  syllables  are  blurred  and  the  like.  Dis- 
ease of  the  bulb  at  times  leads  to  imperfect  speech  of  this  kind  in  which  the 
iin(>erfection  may  He  reco^ized  as  due  to  the  lack  of  proper  eot>rdination  of 
mot^^r  impulses.  The  affection  of  speech  known  as  "  aphasia,"  which  is  caused 
hv  lesi(»n8  of  the  cortex,  is  of  u  diftereut  character,  and  the  f<trnis  of  imperfect 
speech  caused  by  bulbar  disease  have  justly  been  distinguished  from  true 
aphasia  by  the  use  uf  other  terras.  Cases  of  complete  a]>hn8ia  iu  which  all 
power  of  speech  is  lost,  do  Utile  more  ihau  help  us  to  ascerUiiu  the  topo- 
graphical position  in  the  cortex  of  the  "speech  "  area,  but  cases  of  partial 
aphasia  are  es(>ecial]y  instructive.  Without  attempting  to  go  luto  the  details 
of  the  subject  and  into  the  many  considerations  which  have  to  be  had  in 
mind  in  dealing  with  it.  for  there  are  different  kinds  of  aphasia,  we  may  ven- 
ture to  say  that  the  sCrikiiig  feature  of  partial  apha-^ia  is  the  failure  to  say 
certain  words  or  syllables,  and  the  tendency  to  substitute  »(jme  wrong  word 
or  syllable  for  the  right  one.  The  words  or  syllables  which  are  uttered  are 
rightly  pronounced  without  defect  of  articulation;  and  in  many  case*, 
though  the  right  word  cannot  be  produced  aa  a  direct  effort  of  the  will,  it 
mav  be  uttered  under  the  influence  of  an  emotion,  or  indeed  sometimes  as 
the  result  of  some  physical  processes  more  complex  than  those  involved  in 
the  mere  volitional  effort  to  say  the  word.  An  instructive  case  is  recorded 
of  a  man  suffering  from  slight  aphasia,  who  after  several  failures  to  say  the 
word  "no  "  by  itself,  at  last  said,  "  I  can't  say  no,  sir." 

From  the  phenomena  of  partial  aphasia  we  may  draw  the  dednrtion  that 
the  cortical  speech  area  does  not  carry  out  the  whole  of  the  co«»rdination  of 
the  impulses  involved  iu  uriiculaliou.  That  I'oonlination  is  cxeceilingly  com- 
plex, and  we  ought  [»erhapa  to  recognize  in  it  mure  than  one  degree  or  kind 
of  coordination.  The  failurecif  articulation  in  disease  of  the  bulbshows  that 
a  certain  amount  of  ctWirdiaaliou  takes  place  there;  for  the  affections  of 
speech  due  to  bulbar  ilisease  are  not  the  same  as  those  resulting  from  the 
mere  loss  of  this  or  that  muscle  or  nerve.  We  must,  of  course,  admit  that 
some,  |x)fi8ibly  a  great  deal,  of  coordination  of  a  certain  kind  takes  place  in 
the  cortex,  for  the  bulb  cannot  by  itself  be  made  to  speak  ;  exactly  how 
much,  the  knowledge  at  present  at  our  disposal  leaves  a  matter  of  great 
uncertainty;  but  it  is  sufficient  for  our  present  purpose  to  recognize  that 
whatever  may  be  the  nature  of  the  events  taking  place  in  the  cortical  area 
during  the  act  of  speech,  those  events  make  use  of  the  machinery  already 
provide<!  in  the  bulb.  The  word  spoken  does  not  start,  so  U)  sfieak,  ready 
nuule  in  the  cortex  ;  it  is  not  that  a  group  of  impulses  start  from  the  cortex 
with  their  coordination  fully  achieved,  and  pass  along  certain  nerve-fibres  to 
certain  muscles,  making  their  way  without  change  through  the  tangle  of  the 
bnib,  as  if  this  were  merely  a  bundle  of  lines  offering  paths  for,  but  exercis- 
ing no  influence  over  the  impulses.  We  must  rather  supfxise  that  something 
takes  piace  in  the  cortex  of  the  third  frontal  convolution,  aa  the  result  of 
which  efferent  impul.'^s  pass  along  the  appropriate  fibres  of  the  pyramidal 
tract  to  the  hiilh,  and  there  start  a  series  of  events  lending  to  the  issue  of  the 
Goordinateil  impulses  by  which  the  word  is  spoken. 

J  662.  We  have  no  reason  whatever  to  think  that  the  cortical  area  for 
apeech  differs  in  its  fiindamentJil  characters  from  other  divisions  of  the  motor 
region,  and  are  justifie<l  in  carrying  on  to  other  areas  the  deduction  we  have 
JQSt  drawn  in  connection  with  the  speech  area.  With  that  end  in  view  we 
may  now  turn  back  to  the  experimental  results  obtaineil  on  the  dog,  and  it 
will  make  our  discuBaiun  simpler  if  we  take  aa  an  illustration  some  large  area 
auch  as  the  fore-limb  area. 
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We  have  seen  llmt  stimulation  of  this  area  proiinccs  what  we  raay.  to  start 
with,  8j)eak  oi"  simply  as  nio\'ements  of  the  fore-limb;  and  guided  by  the 
analogy  of  speech  in  man  we  may  confidently  eonfiliide  Ihat  when  the  dog 
voluntarily  moves  the  fore-limb,  the  act  is  carried  out  by  means  of  event« 
taking  place  in  the  fore-limb  cortical  area.  The  8im[)licity  of  the  electri- 
cal phen(tnn*na  resulting  from  cortical  stimulation,  which  we  descnl>ed  in 
§  658,  might  at  first  sight  lead  us  to  conclude  that  the  whole  matter  wae 
fairly  bimple ;  unil  indeed  some  writers  appear  to  entertain  the  conception 
that  in  a  voluntary  movement  such  ns  that  of  the  fore-limb,  all  that  takea 
place  is  that  the  "  will  "  stimulates  certain  cells  in  the  cortical  area  causing 
tl»e  disoharf^e  of  motor  impulses  along  the  pyramidal  fibres  connected  with 
those  cells,  and  that  these  motor  inipulaes  travel  straight  down  the  pyramidal 
tract  to  the  motor  fibres  of  the  appropriate  nerves,  undergoing  poesibly 
some  change  at  the  place  in  the  cord  where  the  pyramidal  fibre  inakee  juDC- 
tiou  with  the  fibre  of  the  anterior  root,  but  deriving  their  chief  if  not 
their  whole  coordination  from  the  cortex  itself,  that  is  to  aay,  being  coordi- 
nated at  their  very  starting-point.  That  such  a  view  is  untenable  and  that 
the  simplicity  of  the  electrical  phctiomena  w  misleading  is  shown  by  the  fol- 
lowing two  considerations  among  others:  On  the  one  hand, as  was  shown  in 
a  previous  aection,  the  coordination  of  movemeatd  may  be  carried  out  apart 
from  the  cortex,  namely,  in  the  absence  of  the  hemispheres;  and  we  (^an 
hardly  suppose  that  there  should  be  two  quite  distinct  systems  of  coordina- 
tion to  carry  out  the  same  movement,  one  employed  when  volition  was  the 
moving  cause,  and  the  other  when  ."Wraething  else  led  to  the  movement.  On 
the  other  hand,  the  analogy  of  speech  justifies  us  in  concluding  that  the  cor- 
tical processes  tlo  take  advantage  of  a  coiirdinattoo  effected  by  the  action  of 
olher  parts  of  the  nervous  system. 

Bearing  this  in  mind,  we  may  recall  attention  to  the  remarkable  effects 
which  result  from  the  removal  of  the  area.  These  are  twofold.  In  the  first 
place,  there  ia  more  or  less  complete  paralysis  of  the  limb;  all  the  move- 
ments of  the  limb  are  for  a  time  iuefiective.  It  is  not  that  purely  voluntary 
movements  are  alone,  so  to  speak,  cut  out;  the  reflex  and  other  movementa 
are  also  impaired  or  temporarily  abolished,  and,  as  we  have  already  aaid,  in 
many  cases  at  least  the  sensations  of  the  limb  are  interferes!  with.  Theae 
troubles  are  of  course  in  jmrL  the  ellects  of  the  mere  operative  interferei 
belonging  to  what  we  spoke  of  in  *i  683,  aa  l>eing  of  the  nature  of  8h<«s 
But,  even  giving  full  weight  to  this  consideration,  there  remains  the  fact  that 
the  cortical  area  is  associated  with  the  variou.*  coordinating  and  other  ner- 
vous mechanisms  belonging  to  the  limb  by  such  close  ties  that  these  are 
thrown  into  ili8(»rder  when  it  ia  injured.  And  side  by  side  with  this  we  may 
put  the  remarkable  fact  previously  staled,  that  during  an  abnormal  condition 
of  the  cortical  area  siinMilutioEi  of  thu  urea,  instead  of  producing  the  appro- 
priate movements  confined  to  the  limb,  may  give  rise  to  movements  of  other 
parts  culminating  in  epileptiform  convulsion.1. 

In  the  second  place,  this  paralysis  is  temp4)rary  only;  the  voluntary  move- 
ments are  after  a  while  regained,  and  that  in  spite  of  the  fore-limb  moiety  of 
the  pyramidal  tract  permanently  degenerating  along  its  whole  length,  neither 
it  nor  the  cortical  area  ever  being  regenerated.  This  shows  that  whatever 
be  the  chain  of  events  in  the  intact  animal,  it  is  possible  for  the  '*  will  "  of 
the  animal  to  get  at  the  muBcles  and  motor  mechanisms  of  the  fore  limb  by 
some  other  path  than  that  provided  by  the  appropriate  cortical  area  and 
corresponding  path  of  the  pyramidal  tract ;  and  the  facU  previously  recorded 
(§  659)  show  that  that  other  part  is  not  the  corresponding  part  of  the  pyra- 
midal system  belonging  to  the  other  half  of  the  hemisphere,  and  indeed  is 
not  any  part  at  all  of  the  whole  pyramidal  system.     The  "  will/'  whatever 
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be  the  processes  by  which  it  takes  origin,  and  wherever  be  the  place  where 
they  are  carried  on,  is  able  in  the  ahaence  of  the  pyramidal  system,  to  produce 
its  efiect  on  the  motor  fibres  of  the  brachial  nerves  by  workiog  on  other  parts 
of  the  central  nervous  Bystem. 

Hence  while  admitting.  a.s  we  must  do,  that  in  the  intact  animal  the  cor- 
tical area  aud  pyramidal  tract  play  their  part  in  carrying  out  voluntary 
movemeuta,  their  action  is  not  of  that  simple  character  supposed  by  the  view 
referred  to  aljove.  On  the  contrary,  we  are  driven  U)  regard  them  rather  as 
link:^,  important  links,  it  is  true,  but  still  links  in  a  complex  chain.  As  we 
have  already  urged,  we  may  probably  speak  of  the  changes  taking  place  in 
the  pyratnidiil  fibres  us  being  on  the  whole  of  the  nature  of  efferent  impulses  ; 
but  we  should  i>e  going  lievnnd  the  evidence  if  we  concluded  that  they 
were  identical  with  the  ordinary  efferent  impulses  of  motor  nerves.  And 
above  all  it  must  nut  be  left  unuotice<l  that  the  cortical  area  has  close,  if  not 
direct,  connections  of  a  sensory  nature  with  the  part  in  whose  movemenLa  it 
is  concerned.  This  is  shown  by  the  following  remarkable  results  which  may 
make  their  ap|>earance  when  stimuiation  of  the  cortex  is  carried  while  the 
animal  (dog)  is  in  a  particular  stage  of  the  influence  of  morphine.  If  a  sub- 
minimal stimulus  \ie  found,  that  is,  a  current  of  such  intensity  that  applie<l 
to  a  motor  area  it  will  prmJuce  no  movement,  hut  if  incretLse<l  ever  so  slightly 
will  give  a  feeble  contraction  of  (he  appropriate  muscles,  it  may  be  observed 
that  a  slight  stimulus.such  as  gently  stroking  the  skin  over  the  muscles  in 
question,  wilt  render  the  previous  subminimal  stimulus  effective,  and  so  call 
forth  a  movement.  Thus,  if  the  area  experimented  on  be  that  connected 
with  the  lifting  of  the  forepaw,  and  the  subminimal  stimulus  be  applied  to 
the  area  at  intervals,  afler  several  ap|ilicatioiis  followed  by  no  movements,  a 
gentle  stroke  or  two  over  the  skin  of  the  paw  will  lead  to  the  paw  being 
lifted  the  next  time  the  stimulus  is  applied  to  the  area.  A  similar  result, 
but  less  sure  and  striking,  may  fr^llow  upon  the  stimulation  of  nart^  of  the 
body  other  than  the  part  corresponding  to  the  area  stimulated.  Then,  again, 
it  baa  been  observed  that  in  certain  other  stages  of  the  iutluence  of  mor[)hiue, 
the  cortex  and  the  rest  of  the  nervous  system  are  in  such  a  condition  that 
tbe  application  of  even  a  momentary  stimulus  to  an  area  leads  not  to  a 
simple  movement,  but  to  a  long-continued  tonic  contraction  of  the  appro- 
priate muscles.  Under  these  circumstances  a  gentle  stimulus,  such  as  strok- 
ing the  akin  or  blowing  on  the  face,  applied  immaiiately  afler  the  application 
of  tbe  electric  siinnilus  to  the  area,  suddenly  cuts  short  the  contraction,  and 
brings  the  mus<'les  at  once  to  rest  and  normal  flaccidity. 

These  experimentii  shftw  that  the  development  of  the  processes  in  the 
cortex  leading  to  the  issue  of  what  we  have  agreed  to  call  efferent  impulses 
along  the  pyramidal  IJbres  in  marke<11y  affected  by  sensory  impulses,  and 
»|)ecially  by  sensory  impulses  started  in  the  akin  overlying  and  corresponding 
to  the  muscles  put  inU)  movement.  Uow  those  sensory  impulses  reach  the 
cortex  we  do  not  exactly  know ;  but  wc  have  no  evidence  to  e^how  that 
afferent,  centripetal  impulses  can  travel  backwarrl,  so  to  speak,  along  the 
pyramidal  fibres;  and  it  is  more  reasonable  to  suppose  that  the  sensory  im- 
pulses in  question  reach  the  cortex  by  the  ordinary  paths  of  sensory  impulses, 
which  we  shall  presently  discuss.  We  may  therefore  take  tbe  results  of  the 
experiments  as  showing  how  close  is  the  connection  of  the  motor  area  with 
tbe  •enaory  mechanisms  of  the  spinal  cord  and  lower  parts  of  the  brain,  and 
u  illustrating  the  complexity  of  tbe  chain  of  events  by  which  the  motor 
area  brings  about  voluntary  movements. 

§  663.  We  have  above  used  the  general  phrase  *'  movements  of  the  limb," 
eince  in  the  dog  it  is  not  easy  to  pick  out  certain  movements  as  being  particu- 
larly skilled  movementa.     In  the  monkey  such  a  distinction  is  easier.     In  this 
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ftiiimal,  ns  we  have  said,  recovery  ol'  voluntary  innvement  also  takes  \*\ace 
after  removal  of  a  cortical  area,  or  at  least  has  done  so  in  inaity  cases ;  and 
while  the  phenotuena  itumeitiately  following  removal  ou  the  whole  reisemble 
those  witnessed  in  the  dog,  a  certain  order  of  recovery  may  be  observed  ;  the 
more  skilled  movements  are  the  last  to  return.  When,  for  instance,  the  arm 
area  is  removed,  the  delicate  movetncnis  of  the  hand,  of  the  thumb  and 
finger,  are  the  last  to  be  reestablished;  and  a  condiliou  of  things  may  be 
met  with  in  which  the  animal  after  removal,  say  of  the  arm  area  in  the  lelt 
hemisphere,  iisea  by  preference  the  left  hand  at  a  lime  when,  if  prevented 
from  u.«ing  that  hand,  he  is  able  to  use  the  right ;  that  is  to  say,  the  rec»jvery 
in  the  right  limb  after  the  removal  of  the  area  on  the  left  aide  is  nearly  but 
not  quite  complete  ■  the'*  will  "can  gain  access  to  the  right  hand,  l>ut  not 
so  easily  as  to  tlie  lel'i  hnud,  an<l  this  latter  is  used,  though  under  ordinary 
circumstances  it  would  uot  be  used. 

When  we  turn  to  man,  in  whom  the  great  development  of  the  pyramidal 
system  and  dttft'rentiHiion  (if  the  cortical  area  is  parallelMl  by  the  promi- 
nence of  skilled  and  trained  iiiovementa,  the  anahigy  of  the  phenomena  of 
speech,  if  it  be  true,  as  clinical  histories  seem  to  show,  that  destruction  by 
disease  of  the  8|>eech  area  of  both  sides  causes  {lermanent  aphasia,  would 
lead  us  to  conclude  that  at  least  higbly  skilled  voluntary  movements  are 
carried  out  by  the  pyramidal  system  and  by  that  alone.  But  in  reference  to 
this  it  must  be  remembered  that  such  a  pennaneot  aphnsiu  may  be  due,  not 
to  mere  loss  of  the  pyramidal  channel,  not  to  the  will  being  merely  unable 
to  gain  access  to  lower  coordinating  mechanisms,  but  to  the  absence  of  the 
difiereutiated  cortical  gray  matter,  by  reason  of  which  absence  the  will  cannot 
initiate  the  first  processes  of  the  act  of  speech ;  it  may  be  that  were  it  able 
to  do  so,  the  processes  so  started  might,  in  the  absence  of  the  pyramidal  tract, 
finti  some  other  way  to  the  bulbar  niccbanism,  as  in  the  case  of  the  unskilled 
movements  of  the  di>g.  This  point,  however,  clinical  histories  have  not 
defiuitely  settled.  Moreover,  in  dealing  with  the  phenomena  of  the  nervous 
system  of  man,  as  revealed  by  disease,  we  meet  in  reference  to  the  cerebral 
cortex  the  same  difficulty  that  we  dwelt  upon  in  dealing  with  the  spinal  cunl 
(§  592).  Lesions  of  the  pyramidal  system,  of  the  internal  capsule  for  instance, 
lead  to  the  loss  not  only  of  skilled,  but  of  all  voluntary  movements;  accort!- 
iug  to  the  character  and  positiuii  of  the  lesion  this  or  that  part  of  ih^  biwjy 
is  wholly  withdrawn  from  the  influence  of  the  will.  And  it  is  |K»ssible  U> 
maintain  the  thesis  that  man  has  become  so  devehmed  as  to  hij  nervous  sys- 
tem and  the  motor  cortex,  so  accuatoEne<]  to  make  use  excluaivelv  of  the 
pyramidal  system,  that  the  will  lias  lost  the  power,  still  poaseaeed  W  l(»wer 
animals,  to  gain  access  by  some  path  (»ther  than  the  pyramidal  one  to  the 
immediate  nervous  mechanisms  of  movement.  The  data  for  forming  a  sjiiis- 
factory  conclusion  as  to  this  point  are  so  few  and  uncertain  that  it  wuuhi  be 
unprofitable  to  discuss  the  »juesti<m  here;  hut  we  may  venture  i^i  point  4»ut 
that,  great  hs  ts  the  development  of  the  cerebral  cortex  and  the  pyramidal 
system  in  man,  that  development  is  accom[)anied  by  a  hardly  lee^  !>tnking 
expansion  of  other  parts  of  the  brain  not  directly  connecteil  with  the  pyra- 
midal system  which  we  have  previously  seen  reas<m  to  associate  with  the 
coordination  of  movements,  for  example  the  cerebellum.  And,  indeed,  it  is 
clear  that,  admitting  the  pyramidal  tract  to  be  the  ordinary  channel  by 
which  volitional  impulses  pass  to,  or  by  which  the  will  gains  access  to,  the 
motor  mechanisms  immediately  associated  with  the  anterior  roots  of  this  or 
that  spinal  nerve,  we  ujust  also  admit  that  those  volitional  impulses  iiaasing 
along  the  pyramidal  tract,  or  at  le.'ist  some  of  the  processes  constituting  the 
will,  are  in  connection  with,  and  thus  are  influenced  by  the  condition  of. 
other  parts  of  the  brain.     When,  for  instance,  a  gymnast  executes  a  skilled 
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voluntary  movement  in  which  all  his  four  linil)8  and  other  partB  as  well  per- 
hajM  o("  his  IhhIv  are  involved,  it  \»  prohably  the  ciise  that  changes  of  the 
oaturo  of  eUereul  ini|)iil}«eM  8weep  down  Ww  pyramidal  tract,  and  that  these 
impul^s,  starting  in  a  d^Hnite  order  from  hia  rortex,  that  is  to  say,  having 
under^^oue  a  certain  amount  of  initial  ctjoniination  at  their  very  origin,  meet 
with  further  coordination  in  the  spinal  gray  mutter,  which  serves  as  a  tiict  of 
nuclei  of  origin  for  the  rantor  nerves  concerned  in  the  movement  before  they 
issue  as  ordinary  motor  impulses  along  the  anterior  roota.  But  thia  is  not 
all.  Should  the  gynum^t's  semicircular  canals  happen  to  be  injnrc^l  and  his 
cerebellum  thereby  be  troubled,  or  mischief  fall  on  some  other  part  of  the 
brain  which  like  this  has  no  flirect  connection  with  either  the  pyramidnl 
tract  or  the  motor  cortex,  the  movement  fails  through  lack  of  coordination, 
though  both  the  cortex,  the  pyrumidu)  tract,  and  the  epinal  motor  mechunisnis 
remain  as  they  were  before.  Obviously  the  currying  out  of  a  voluntary  move- 
ment is  a  very  complex  proceeding,  and  the  motor  cortex  with  the  pyramidal 
tract  is  only  one  part  of  che  whule  mechanism  ;  ho  far  from  the  whole  busint^f^ 
being  confined  to  these,  it  is  perhaps  no  exaggeration  to  say  that  in  each  move- 
ment of  the  kind  most  parts  of  the  whole  brain  have  a  greater  or  leas  ^hare. 

The  exact  nature  of  the  part  played  by  ihe  cortex  and  the  pyramidal  tract 
in  voluntary  movements  our  present  knowledge  is  inadequate  to  detine. 
When  we  puss  in  review  a  series  of  brains  from  the  lower  to  the  higher  and 
•ee  bow  the  pyramidal  system  is,  so  to  s]>eak,  graAed  on  to  the  rest  of  the 
brain,  when  we  observe  how  the  increasing  ditfereiitiation  of  the  motor  cor- 
tex runs  parallel  to  the  increasing  possesion  of  skilled  educated  movements^ 
we  may  perhaps  suppose  that  a  "snort  cut"  from  the  cortex  to  the  origins 
of  the  several  motor  nerves,  such  as  is  afforded  by  the  pyramidal  fibres,  from 
the  advantages  it  oHers  to  the  more  primitive  path  fn>m  segment  to  segment 
along  the  cerebrospinaLaz is  has  by  natural  selection  lieen  developed  into 
being  in  man  the  chief  and  most  imporiant  instrument  for  ciirrying  out 
voluntary  movements;  but,  we  re[>eat,  it  remains  even  in  its  highest  develop- 
ment a  link  in  a  chain,  and  a  knowledge  of  how  the  whole  chain  works  is  at 
present  hidden  fr«<m  us. 

We  must  not  here  wander  into  psychological  problems,  but  may  rej>eat 
that  in  the  above  discussion  we  have  used  the  word  *'  will "  in  a  general  sense 
only.  A  man  may  be  brought  into  a  con<lilion,  for  instance  in  certain  hyp- 
notic phases,  in  which  he  can  carry  out  all  the  various  skilled  movements 
which  he  has  inherited  or  which  he  has  learned ;  and  yet,  according  to  some 
definitions  of  the  word**  will,"  those  movements  could  not  be  said  to  be  initi- 
ated by  his  will.  It  can  hiirdly  be  doubted  that  in  such  cases  the  motor 
cortex  and  pyramidal  tract  play  their  usual  [mrt.  But  we  may  pass  from 
Rich  cases  as  these  through  others,  until  wo  come  to  cases  where  a  skilled 
movement  which  has  been  learned  and  practised  by  the  working  of  an  intelli- 
gent will,  may  continue  to  be  carried  out  under  circumstances  which  seem  to 
preclude  the  intervention  of  any  conscious  will  at  all;  and  the  transition 
from  one  case  to  another  ia  so  gradual,  that  it  is  impoi^sible  to  suppose  that 
there  has  been  any  shifVing  of  the  machinery  employed  for  carrying  out  the 
movement.  So  that  a  volitional  origin  is  not  an  essential  feature  of  these 
•Q-called  voluntary  movements,  and  the  machinery  of  the  motor  cortex  and 
pyramidal  tract  is  available  for  other  thingsi  than  pure  volitional  impulses. 

§  684.  The  preceding  discussion  will  enable  us  to  be  very  brief  concerning 
a  question  which  has  from  time  to  time  been  much  discussed,  ami  which  has 
ic<juired  perhaps  factitious  importance,  viz.,  the  question  as  to  how  volitional 
impulses  lending  to  voluntary  movomenCs  travel  along  the  spinal  cord.  The 
ctmriusion  at  which  we  have  arrived,  namely,  that  in  the  normal  carrying 
out  of  voluntary  movements  the  chief  part  is  played  by  efferent  impulaee 
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passing  along  the  pyraraiHid  tract,  carries  with  it  the  answer  that  volitioDa! 
imnuises  travel  iu  the  spinal  cord  along  the  pyramidal  tract. 

In  the  dog,  in  which  the  whole  pyramidal  tract  crosses  at  the  decussation 
of  the  pyraiuids,  we  should  expect  to  tiud  that  a  break  iu  the  pyramidal 
tract  of  one  side  of  the  cord  at  any  point  along  ite  length  caused  loss  of 
voluntary  movement  on  the  same  side  below  the  level  of  the  break.  And 
experiments  as  far  as  they  go  support  this  view.  No  one  it  is  true  has 
attempted  to  divide  or  otherwise  cause  a  break  in  the  pyramidal  tract  alonCf 
leaving  the  rest  of  the  cord  intact;  and,  indeed,  even  if  an  injury  were 
limited  to  the  area  marked  out  as  the  pyramidal  tract,  ^bree  other  than 
pyramidal  fibres  would  be  injured  at  the  same  time,  since  the  tract  is  never 
a  "  pure"  one.  But  it  has  been  found  that  a  section  of  a  lateral  half  of  the 
cord,  a  lateral  hemiseotion,  or  a  section  limited  to  the  lateral  column  of  one 
side  has  for  one  of  its  principal  efleclij  loss  of  voluntary  movement  on  the 
same  side  in  the  parts  supplied  by  motor  nerves  leaving  the  cord  bolow  the 
level  of  the  section.  We  say  "one  of  its  principal  ejects'*  because,  besides 
the  conconiitaut  interference  with  sensations  coacerning  which  we  shall  speak 
presently,  the  loss  of  voluntary  movement  is  not  absolutely  confined  to  the 
satue  side ;  there  is  some  loss  of  power  on  the  crossed  side,  at  least  in  a  large 
number  of  eases.  We  must  not  lay  stress  on  this  crossed  paralysis  because 
it  is  probably  one  of  the  effects  of  the  mere  operation,  not  a  pure  "defi- 
ciency'' phenomenon,  and,  indeed,  appears  soon  to  pass  away.  But  taking 
into  consideration  what  was  said  above  concerning  the  elfects  of  removing 
cortical  areas,  it  is  important  to  note  that  in  the  experience  of  many  experi- 
menters the  loBs  of  vohintary  power  on  the  operated  side  diminishes  aft^r  a 
while,  and  that  the  aninuil  if  kept  alive  and  in  good  health  long  enough 
appears  to  regain  almosL  full  voluntary  power  over  the  affected  parts.  In 
«uch  ca^es,  as  in  other  operations  on  the  central  nervous  system,  there  is  no 
regeneration  of  nervous  tissue;  the  twu  surfaces  of  the  section  unite  by  con- 
nectivis  not  nervous  tissue,  and  the  tracts  which  as  the  result  of  the  section 
degenerate  downward  or  upward  are  permanently  lost.  Hence,  even  if  we 
admit  that  iu  thb  intact  animal  u  vohintary  movement  is  cliietly  carried  out 
by  means  of  efferent  impulses  passing  along  the  pyramidal  tract  right  down 
to  the  motor  mechanisms  of  the  CM)rd  immediatelv  connected  with  the  motor 
nerves,  we  must  also  admit  that  the  "will"  under  changed  circumstauoee 
can  find  other  channels  for  gaining  access  to  the  same  mecnaiiisms. 

It  has  been  further  observed  that  if  in  the  dog  a  hemisection  be  made  at 
one  level,  for  instance  in  the  lower  thoracic  region  of  the  cord,  and  then, 
after  waiting  until  the  voluntary  power  over  the  hind-limb  of  that  side  has 
returned,  a  second  hemisoctinn,  this  time  on  the  other  side,  be  made  at  a 
higher  level,  this  second  oi>eration  is  followed  by  results  similar  to  thoee  of 
the  first;  there  is  loss  of  voluntary  power  on  the  side  operated  on,  with  some 
loss  of  power  on  the  crossed  side,  and  as  in  the  first  case  this  loes  of  power 
not  only  on  the  same  but  also  on  the  crossed  side  may  eventually  disappear. 
This  shows  among  other  things  that  the  recoverr  after  the  first  (»peratioa  waa 
not  due  to  the  remaiuing  pyramidal  tract  doing  the  work  of  both.  Further, 
the  hemisectifm  may  be  repeated  a  third  time,  the  third  hemisection  being  ou 
the  same  side  as  the  first,  with  at  least  very  considerable  return  of  power 
over  both  limbs.  Tbat  is  to  say,  under  such  abnormal  circumstances  volun- 
tary impulses  may,  mi  to  s(>cak,  thread  their  way  in  a  Kig/ag  manner  from 
side  to  side  along  the  mutilate*!  cord  until  they  reach  the  appropriate  spinal 
motor  mechanisms.  8uch  an  abnormal  state  of  things  does  not,  however, 
really  militate  against  the  view  that  under  normal  circumstances  volitional 
impulses  uormallv  travel  along  the  pyramidal  tract;  but  it  doee  show  what, 
indeed,  has  alrea(ly  been  shown  by  the  phenomena  of  strychnine  poisoning. 
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$587,  tbat  iu  the  central  nervous  system  the  passage  of  nervous  impulses 
fusing  these  wonla  in  the  general  sense  of  changes  propagated  alon^  nervous 
material )  is  not  rigidly  and  unalterably  fixed  by  the  anatomical  distribution 
of  tracts  of  fibres;  in  all  such  discussions  as  th<»8e  in  which  we  are  eu^ige<i 
we  nnist  hear  in  mind  That  physiological  r.ouditions  as  well  as  anatomical 
continuity  are  i>otent  in  determining  the  passage  of  these  impulse*. 

§  666.  When  we  reflect  on  the  great  prominence  of  the  pyramidal  tract  in 
the  spinal  cord  of  man  as  compared  with  that  of  the  dog,  we  may  justly  infer 
not  only  that  the  pyramidal  tract  is  under  normal  circumstances  more  exclu- 
Aively  the  channel  of  v<  liiional  impulses  in  man  than  in  such  lower  animals, 
but  also,  hearing  in  min4i  the  discussion  in  a  previous  cha|»ter,  $  592,  con* 
cemiDg  the  activities  of  the  spinal  cord  of  man,  that  the  potential  alterna- 
tives presented  by  the  spinal  cord  of  the  dog  are  greatly  reduced  in  that  of 
mao.  And  such  clinical  histories  of  disease  or  accidental  injury  in  man  as 
ve  poflseaa  support  this  concUi8ion.  Ijesions  confined  to  one-half  of  the  cord, 
or  even  lesions  contined  to  the  lateral  column  of  one-hatf,  apfiear  to  lead  to 
losB  of  voluntary  power  on  the  same  side,  and  the  same  side  only,  in  the  pnrU) 
below  the  level  of  the  lesion  ;  and  the  same  symptoms  have  been  observed  to 
accompany  disease  limited  apparently  to  the  pyramidal  tract  of  one  side. 
Moreover,  though  casea  of  recovery  of  power  have  bwn  recorded,  we  have 
Dot  such  satisfactory  evidence  as  in  animals  of  the  volitional  impulses  ulti- 
mately making  their  way  along  an  alternative  route  ;  but  here  the  same 
doubts  may  be  entertained  as  were  eipreased  in  discussing  the  rettex  acts  of 
the  cord  in  man. 

When  we  say  that  the  loss  of  voluntary  power  is  seen  on  the  side  of  the 
lesion  only,  wie  should  add  that  this  statement  appears  to  apply  chiefly  to  the 
thoracic  and  hiwer  partes  of  the  conl.  We  have  seeu  that  in  man,  in  the 
upper  regions  of  the  cord,  the  pyramidal  tract  is  only  partly  crossed  ;  a  vari- 
able but  not  inconsiderable  number  of  the  pyramir^al  fibres  do  not  cross  at 
the  decussation  of  pyramids,  but  running  straight  down  as  the  direct  pyra- 
miijal  tract  eH'ert  their  crossing  tower  d<*wn  iu  the  cervical  and  up[>er  thora- 
cic regions.  Hence,  we  should  infer  that  a  hemiseotion  of,  or  a  lesion  conHned 
to  one  side  of  the  cervical  cord,  would  att'ect  the  voluntary  niovements  of  the 
crossed  side  as  well  as  of  the  same  side,  tliough  not  to  the  same  extent.  But 
we  havf  ni»  exact  information  as  to  this  point.  And,  indeed,  the  jnirpose  of 
the  direct  tract  is  not  clear  ;  there  is  no  nde<juate  evidence  for  the  view  which 
hns  been  held  that  th(!se  direct  fibres  are  destined  for  the  upper  limbe  and 
upper  part  of  the  body  ;  since  they  are  the  last  to  cross  we  should,  h  priori, 
be  inclined  to  aupiMwe  that  they  were  distributed  to  lower  rather  than  higher 
parts. 

§666.  We  may  now  briefly  summarize  what  we  know  concerning  volun- 
tary movements.  And  it  will  be  cimvenient  to  trace  the  events  iu  order 
backward. 

Certain  muscles  are  thrown  into  a  contraction  which  even  in  the  briefest 
movements  is  probably  of  the  nature  of  a  tetanus.  In  almost  every  move- 
ment more  than  one  muscle  as  defined  by  the  anatomists  is  engaged,  and  in 
many  movements  a  part  of  Several  muscles  is  employed,  and  not  the  whole 
of  each.  It  is  perhaps  partly  owing  to  the  latter  fact  that  a  muscle  which 
has  become  tired  in  one  kin<l  of  movement,  may  show  little  or  no  fatigue 
when  employed  for  another  movement.  thr>ugh  we  must  bear  in  mind  that  in 
a  voluntary  movement  fatigue  is  nmch  more  of  nervous  than  of  muscular 
origin. 

Besides  the  active  muscles,  if  we  may  so  call  them,  which  directly  carry 
out  the  movement,  the  metabolism  of  which  supplies  the  energy  given  out  as 
vork  done,  other  muscles,  some  of  which  are  antagonistic  to  the  active  mus- 
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clea  and  some  of  which  may  be  spoken  of  as  adjuvanl.  enter  into  th«  whole 
act.  In  flexion  for  instance  of  (he  forearm  on  the  arm  it  is  not  the  flexor 
muscles  only  but  the  extensors  also  which  are  engaged.  According  to  the* 
ijnniediately  preceding  pit^itiou  and  use  of  the  arm,  and  according  to  the 
kind  and  amount  of  flexion  which  ia  to  be  carried  out,  the  extensors  will  be 
either  relaxed,  that  is  to  my,  inhibite<l,  or  thrown  into  a  c?ertaiD  amount  of 
contraction.  And  in  some  of  the  more  complicated  voluntary  movements 
the  part  played  by  adjuvant  muscles  is  consiilerable.  Hence,  in  a  voluntary 
movement  the  will  \\a»  to  gain  accede  not  only  to  the  active  muscles,  but  also 
to  the  antagonistic  and  adjuvant  muscles;  and  every  voluntary  movement, 
even  one  of  the  simplest  kind,  is  a  more  or  less  complex  act. 

The  impulses  which  lead  to  the  contraction  of  the  active  muscles  reach  the 
muscles  along  the  fibres  of  the  anterior  roots  (we  may  for  the  sake  of  sim- 
plicity take  spinal  nerves  alone,  neglecting  the  peculiar  cranial  nerves),  and 
such  evidence  as  we  possess  goes  to  show  that  the  impul:je$  governing  the 
antagonistic  and  adjuvant  ntuiH^les  travel  by  the  anterior  roots  aUo ;  the 
question  whether  the  inhibition  of  tho  antagonistic  muscles  when  it  lakes 
place  is  carried  out  by  inhibitory  impulses  passing  as  such  along  the  fibres, 
or  simply  by  central  inhibition  of  previously  existing  motor  impultses.  need 
not  l>e  considered  now.  These  anterior  roots  are  connecte^i.  as  we  have  seen, 
with  the  gray  matter  of  the  cord,  and  in  each  hypothetical  segment  of  the 
cord  we  may  rceu^'nize  the  exsitence  of  an  area  of  gray  matter  which,  though 
we  cannot  define  its  limits,  we  may,  led  by  the  analogy  of  the  cranial  nerves, 
call  the  nucleus  of  the  nerve  belonging  to  the  segment;  and  we  may  further 
recognize  in  sur'h  a  nucleus  what  we  may  caII  its  eflerent  and  its  afferent  side. 

Every  voluntary  movement,  even  the  simplest,  is,  as  we  have  repeatedly 
insisted,  a  coonlinated  movement,  and  in  its  coi>rdination  afferent  iropultei 
play  an  important  part.  The  study  of  reflex  actions,  $  oDO,  has  led  us  to 
suppose  that  each  spinal  segment  presents  a  nervous  mechanism  in  which  a 
certain  amount  of  coiirdination  is  already  prei»enl.  in  which  eflerent  impulses 
are  adjusted  to  nflerent  impulses.  But  the  results  ohluiued  by  sttmulating 
separate  anterior  nerve-roots  show  that,  in  the  case  of  most  muscles  at  all 
events,  the  especially  active  muscles  of  the  limbs  for  instance,  each  nkuacle  is 
supplied  by  tibres  coming  from  mure  than  one  nerve-root,  that  U  to  say,  the 
spinal  nucleus,  or  at  least  the  spinal  motor  mechanism  for  any  one  muscle, 
extends  over  two  or  three  segments.  Hence  a  fortiori  in  a  voluntary  move- 
ment, involving  as  this  does  in  most  cases  more  than  one  muscle,  the  spinal 
mechanism  engaged  in  the  act  sj)rtntds  over  at  least  two  or  three  segments, 
thus  allowing  of  increased  coiirdination.  In  that  coordniatiuu  the  impul^«s 
serving  as  the  foundation  of  muscular  sense  play  an  important  pan,  but 
other  afl'erent  impulses,  such  as  those  from  the  adjoining  skin,  also  have  their 
share  in  the  matter  ;  and  it  is  worthy  of  notice  that  not  only  is  the  skin  over- 
lying a  muscle  served,  broadly  speaking,  by  nerve-roots  of  the  same  segment 
as  the  muscle  itself,  aflerent  in  one  case,  eflerent  in  the  other,  but  in  the  parts 
of  the  body  where  coiirdination  is  especially  complex,  in  the  fingers  fi^r 
instance,  not  only  Is  each  muscle  supplied  from  more  than  one  segment^  but 
also  each  piece  of  skin  is  supplied  in  the  same  t\ay  by  tlie  posterior  roots  of 
more  than  one  nerve. 

In  the  case  of  the  frog  it  is  clear  that  in  reflex  movemeuls  a  large  amount 
of  coordination  is  carried  out  by  these  various  spinal  mechanisms  ;  and  as  we 
have  urged,  we  may  saiely  infer  that  in  the  voluntary  movements  of  the  frog, 
the  wiJl  nmkes  uim  of  this  already  existing  coordination,  whatever  be  the 
exact  path  by  which  in  this  animal  the  will  gains  access  to  the  spinal  mechan- 
isms. In  the  dog  we  may  conclude  that  in  voluntary  movements  the  spinal 
mechanisms,  with  coi>rdinating  functions,  are  also  set  in  action,  in  this  rasA 
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bv  impulses  paasio^  atraipJit  from  the  cortex  to  the  tnechanismii  by  the  pym- 
luiijal  tract,  thouj^h  aj)parent)}-,  in  the  absence  of  the  pyramhJal  tract,  the 
will  can  work  upon  the  mecbanisnis  by  changes  travelling  through  other 
parta  of  the  cerebro-spiual  axis.  An*l  in  the  monkey  and  man,  subject  to 
the  doubta  already  expressed  as  to  the  j>otentialities  of  the  human  spinal 
cord,  vfe  may  probably  also  infer  that  in  each  voluntary  movement  some, 
periiaps  we  may  say  much,  of  the  coiirdinalion  is  carried  out  by  the  spinal 
mechanism  set  inti)  action  through  impulses  along  the  pyramidal  tract.  We 
may  probably  further  infer  that  a  cureful  adjustment  obtains  between  the 
beginnings  of  the  pyramidal  tract  in  the  cortex  and  its  endings  in  the  cord, 
so  that  the  topography  of  "  areas  "  or  '*  foci  '*  in  the  cortex  above  is  an  image 
or  projection  of  the  spinal  mechanisms  below. 

The  complex  character,  on  which  we  insisted  just  now,  of  almost  every 
voluntary  movement  neceaeitates  that  in  every  such  movement  a  large  area 
of  spinal  mechanism  is  involved.  But  this  is  not  all.  The  movements  of 
any  part  of  the  leg?,  for  instance,  are  out  determined,  nor  is  the  coiirdinalion 
of  the  movements  affected,  simply  by  what  is  going  on  in  the  legs  and  the 
part  of  the  spinal  cord  belonging  to  ihem.  The  dincussion  in  a  previous 
Kction  has  shown  that  much  of  the  coi>rdination  of  the  body  is  carried  out 
by  the  middle  |>orlioQ8  of  the  bniiu,  and  on  these  the  motor  area  must  have 
lis  hold  as  well  as  on  the  spinal  mechani.smcfi. 

The  details  of  the  nature  of  that  hold  are  at  present  unknown  to  ws  ;  but 
it  must  be  remembered  that  not  all  the  fibres  parsing  down  from  the  motor 
region,  not  all  those  even  proceeding  from  the  densest  and  most  clearly 
defined  motor  areas,  are  pyramidal  libres.  With  the  p>yramidal  fibres  are 
mingled  fibres  having  other  destinations,  and  some  of  these  probably  pass 
(o  the  thalamus  and  so  join  the  great  tegmental  region.  Moreover,  the 
motor  region  must  have  cloee  ties  with  ivther  regions  of  the  cortex  whence,  as 
we  have  seen.  Jj  tloli,  fibres  pass  to  the  pons  to  make  connections  with  the 
cerebellum  Ou  the  other  hand,  as  we  have  seen,  §  613,  the  cerebellum  is 
especially  connected  with  what  we  may  fairly  consider  the  aflerent  side  of 
the  spinal  cord  and  bulb.  These  facts  must  merely  be  taken  as  indicating 
the  ]K>aHibilities  by  which  the  motor  region  is  kept  in  touch  with  the  great 
coordinating  mectiauism ;  it  would  be  venturesome  at  present  to  say  much 
more. 

In  an  ordinary  voluntary  movement  an  intelligent  consciousness  is  an 
essential  element.  But  many  skilled  movements  initiated  and  repeated  by 
help  of  an  intelligent  conscious  volition  may.  when  the  nervous  machinery 
hr  carrying  them  out  has  ac<|uired  a  certain  facility  (and  in  all  the  higher 
proceeses  of  the  brain  we  must  recognize  that,  in  nervous  material  at  all 
events,  action  determines  structure,  meaning  by  structure  moleculnr  arrange- 
ment and  disposition),  be  carried  out  under  appropriate  circumstances  with 
•0  little  intervention  of  distinct  consciousness  that  the  movements  are  then 
otteu  s|x>ken  of  as  involuntary.  All  the  arguments  which  go  to  show  that 
the  distinctly  conscious  voluntary  skilled  movement  is  carried  out  bv  help 
of  the  a|tpropriaie  motor  area,  go  to  show  that  the  motor  area  must  play  its 
pRrt  in  these  involuntary  skilled  movements  also.  So  that  distinct  conscious- 
0618  is  not  a  necessary  adjunct  to  the  activity  of  a  motor  area.  And  it  is 
worthy  of  notice  that  some  of  these,  in  their  origin,  purely  volunlarj'  skilled 
movements,  which  by  long-continued  training  have  become  almost  as  purely 
iuvoluutary,  are  hampered  rather  than  assisted  by  being  '*  thought  aiwut. 

The  word  "  training  "  suggests  the  reflection  that  the  physiological  inter- 
pretation of  becoming  easy  by  practice  is  that  new  paths  are  made,  or  the 
material  of  old  paths  made  more  mobile  by  efl'ort  and  use.  We  havealxeadv 
urged,  §  582,  that  the  gray  matter  of  the  spinal  cord  is  a  uetwurk,  in  which 
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the  passage  of  impulses  is  determined  by  physiological  coudilions  rather  thai 
anutumical  continuity,  ami  the  same  cou&iderations  may  willi  still  greater 
force  be  applie<l  to  the  brain.  We  must  suppose  that  training  promotes  the 
growth  and  molecuhir  mobility  i>f  the  motor  area  and  of  all  it«  counecliooi. 
There  are  doubtless  liraita  to  the  changes  which  can  be  effected,  but  \vithin 
these  limits  the  will,  blundering  at  first  in  the  maze  of  the  nervous  network, 
gradually  esUtblisbes  eJisy  paths;  though  even  to  the  end  it  blunden — in  try- 
ing to  carry  out  one  movement  it  often  accomplishes  another. 

Lastly,  without  attemptlDg  to  enter  into  psychological  questionis,  we  may  at 
least  say  that  the  birthplace  of  what  we  call  the  "  will."  is  not  coutenuinous 
with  the  motor  area  ;  the  will  arises  from  a  complex  series  of  events,  some  of 
which  take  place  in  other  regions  of  the  cortex,  and  probably  in  other  parts 
of  the  brain  as  well.  With  these  parts  the  motor  area  has  ties  concerned  not 
in  the  carrying  out  of  volition,  but  in  the  generation  of  the  will.  So  that, 
looking  round  on  all  eides,  it  is  obvioua,  as  we  have  said,  that  the  motor  area 
is  a  mere  link  in  a  complex  chain.  It  is,  moreover,  a  link  of  such  a  kind, 
that  while  the  changes  which  the  breaking  of  it  makes  in  the  dailv  life  ot  a 
lowly  animal,  such  as  the  dog,  in  whom  the  experience  of  the  individual  adds 
relatively  little  to  the  nervous  and  |>sychical  storehouse  transmitted  from  his 
ancestors,  can  hardiv  be  appreciate(i  by  a  bystander,  those  which  the  break- 
ing of  it  makes  in  the  daily  life  of  a  man,  whose  brain  at  any  m«jment  is  not 
onlv  a  machine  titled  for  present  and  future  work  butacKwely  packeii  record 
of  Lis  past  life,  are  obvious  not  only  to  the  individual  himself,  but  to  his 
&II0WB. 
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§  667.  In  the  chain  of  events  through  which  some  influence  brought  to  bear 
on  the  periphery  of  a  sensory  nerve  gives  rise  to  a  sensation,  we  are  able, 
with  more  or  less  success,  to  distinguish  between  those  events  which  are  deter- 
mined by  the  changes  at  the  periphery  and  those  which  are  the  expreflsion 
of  changes  induced  in  the  central  nervous  system.  Thus  when  certain  rays 
of  light  proceeding  from  an  object  and  falling  upon  the  eye  give  rise  to  visual 
perception  of  the  object,  two  seta  of  events  happen  :  the  rays  of  light,  by  help 
of  the  mechanisms  of  the  eye,  partly  dioptric,  partly  nervous,  give  rise  to 
certaiu  changes  in  the  tibres  of  the  optic  nerve,  which  we  may  call  visual 
impulses;  and  these  visual  impulses  reaching  the  brain  along  the  optic  nerve 
give  rise  to  visual  sensations  and  so  to  visual  perception  of  the  object.  We 
abnll  later  on.  under  the  heading  of  "  the  senses,"  deal  chiefly  with  the  periph- 
eral events,  and  have  now  t^)  consider  some  points  connected  with  the  central 
events,  to  learn  wliat  we  know  concerning  how  the  various  sensory  impulses 
travelling  along  the  several  kinds  of  sensory  nerves  behave  within  the  central 
nervous  system.  In  doing  so  we  shall  have  from  time  to  time  to  refer  to 
j>eriphera!  events,  but  only  occasionally,  and  never  in  any  great  detail.  It 
will  be  convenient  to  begin  with  the  special  sense  of  sight,  and  we  must  iiret 
briefly  cull  attention  to  a  few  points  which  we  shall  have  to  study  in  fuller 
detail  hereafter. 

The  eye  is  so  constructe<l  that  images  of  external  objects  are  brought  to  a 
feous  on  the  retina,  the  stimulation  of  which  by  light  starts  the  visual  im- 
pulses along  the  fibres  of  the  optic  nerve;  and  the  distinctness  with  which, 
by  means  of  the  visual  sensations  arising  out  of  these  visual  impulses,  we 
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TOUCeivG  external  object  is  dependent  on  the  sharpness  of  the  retinal  ima^^. 
The  eye  is  further  iw»  constnirted  ihnt,  in  any  position  of  the  eye,  the  rays  of 

ht  proceeding  from  a  portion  only  of  the  external  world  fall  upon  ihe 

ina :  or  in  other  words,  in  any  one  jKwitiou  of  the  eye  only  a  p*>rlii)n  of 
the  exti^rnal  world  is  vli^ihle  at  the  same  time.  The  portion  so  seen  is  spoken 
«)f  ad  the  vUimi  fieUl  fur  that  [Mwition. 

The  ima^  thrown  on  the  retina  is  au  inverted  one,  so  that  the  U)p  of  an 
aiotual  object  )h  represented  by  the  lower,  and  the  bottom  by  the  upper,  part 
^tf  the  retinal  image;  similarly  the  actual  left-hand  side  of  the  retinal  image 
«orreepoi»d8  to  the  right-hand  side  of  the  actual  object,  and  the  right-hand 
aide  to  the  left-hand  side.  Hence  the  right  hand  half  of  the  visual  tietd 
<t)rrvfl[}ODds  to  the  left-hand  aide  of  the  retina,  and  the  lef1>hand  half  to  the 
right-hand  side. 

The  eye  can  be  moved  in  various  directions,  and  since  in  the  visual  field 
the  portion  of  external  nature  which  can  be  seen  at  the  same  time  differs 
with  each  different  position,  a  large  range  of  vision  is  thus  secure<l ;  and  this 
can  be  further  iucrensod  by  moveraents  of  the  head.  Moreover,  we  nor- 
mally make  use  of  two  eyes;  our  normal  vision  is  binocular,  and  the  vintial 
field  of  the  right  eye  differs  from  that  of  the  left  eye.  There  is  one  striking 
difference  which  must  always  be  borne  in  mind.  A  section  carried  through 
the  eye  in  a  vertical  and  froot-to-back  plane,  through  what  we  shall  learn 
to  call  the  optic  axis  (Fig.  211,  o.  x.)  (the  exact  details  of  the  plane  may  be 
left  lor  the  present),  will  divide  the  retina  into  two  lateral  halves,  and  in 
each  retina  one-half  will  be  on  the  nasvd  side  next  to  the  noee,  and  the  other 
half  will  be  on  the  malar  <>r  temporal  side,  next  to  the  cheek  or  temple.  It 
must  be  remembered  that  the  na?al  halvt^s  and  tempt>ral  halves  of  the  two 
retinas  do  not  occupy  corresponding  positions  in  space.  The  temporal  half 
of  the  left  retina  is  on  the  left  side  of  its  own  eye,  whereas  the  temporal  half 
on  the  right  retina  is  not  on  the  loft,  but  on  the  right,  side  of  ita  eye  ;  and 
•0  with  the  nasal  halves.  Now.  in  the  right  eye,  the  right-hand  aide  of  the 
visual  field  corresponds  to  the  nasal  half  of  the  retina,  and  the  left-hand  side 
of  the  visual  field  to  the  temporal  half  of  the  retina,  whereas  in  the  left  eye 
the  right  hand  side  of  the  visual  field  corresponds  to  the  temporal  half  of 
the  retina,  and  the  letl-hand  side  to  the  nasal  half  This  is  shown  in  Fig. 
211,  where  the  left-hand  visual  field  and  the  retinal  area  concerned  are  shown 
■haded  in  each  eye. 

When  we  look  at  an  object  with^the  two  eyes,  though  two  retinal  images 
are  produced,  one  in  one  eye  and  one  in  the  other,  we  perceive  one  object 
only,  not  two.  This  is  tho  essential  fact  of  binocuhir  virion  ;  when  certain 
parts  of  each  retina  are  stimulated  at  the  same  time  we  are  conscious  of  one 
sensation  only,  not  two;  and  the  parLs  of  the  two  retinas  which,  stimulated 
■t  the  same  time,  give  rise*  to  rme  sensation  are  spi>ken  of  as  "  corresponding 
|Mirt«.'*  From  the  structure  an^l  relations  of  the  two  eves  it  follows  that  the 
temporal  side  of  the  right,  and  the  nasal  side  of  the  left,  eye  are  such  cor- 
responding parts,  while  the  na^al  side  of  the  right  eye  corresponds  to  the 
ten)jH»ml  side  of  the  loft  eye.  But  the  wholeof  each  retina  is  not  employed 
in  bin(K-ular  vision.  Owing  to  the  position  of  the  two  eyes  in  relation  to  Ihe 
n(»e,  it  comes  about  tluil  an  object  held  very  much  on  one  side,  to  the  left- 
hand  side  for  instance,  while  it  is  capable  of  producing  an  image  on  the 
extreme  nasal  side  of  the  left  eye.  and  can  be  seen,  therefore,  by  that  eye, 
canmit  uroduce  an  image  on  the  tem|Hjral  side  of  the  right  eye;  the  tuise 
blocks  the  way.  It  is,  therefore,  not  seen  bv  the  riglit  eye,  and  the  vision 
of  it  is  monf>cu]ar  by  the  left  eye  only.  In  Fig.  211  it  may  be  seen  that  the 
left  visual  field  of  ihe  left  eye  (L.  F.  L.)  extends  more  t»)  the  left,  and  is 
larger  than  the  left  visual  field  of  the  right  eye  (L.  F,  i?.).  and  that  the  right 
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retinal  area,  oorrespoudinp  to  the  left  visual  Held»  extends  further  along  the 
nasal  side  of  the  letY  side  {'i'}  thaii  it  does  aloug  the  tenij>oral  side  of  the 
right  eye  (a'),  the  diiference  being  due  to  the  presence  of  the  nose  (F.). 
And  Btmilar  conditions  obtain  with  regard  to  the  extreme  right-hand  side  of 
the  visual  field. 

§  668.  After  these  preliminary  statements,  we  may  now  turn  to  couaider 
i»ome  anatomical  facts  concerning  the  ending  of  the  optic  nerve  in  the 
brain. 

The  optic  nerve  of  each  eye  consists  of  nerve-fibres  coming  from  all  part* 
of  the  retina  of  that  eye;  but  the  two  optic  nerves  meet,  ventral  to  the  flix>r 
of  the  third  ventricle,  croes  each  other  at  the  optic  rhhtgitia  (Fig.  *iU.  Op. 
De.)^  and  are  thence  continue*!  on  under  the  name  nut  of  optic  nerves,  but 
of  optic  traets  (^Op.  T,).  The  decussation  of  tilires  which  takes  place  in  the 
chiasma  has  peculiar  characters.  At  their  decupsalion  i  we  are  »|)eaking 
DOW  of  man)  the  fibres  in  the  optic  nerve  belonging  to  the  terapora!  half  of 
the  eye  in  which  the  nerve  cndcf  pus»  into  one  optic  tract,  namely,  the  optic 
tract  of  the  same  side,  while  the  fibres  belonging  to  the  nasal  half  pass  into 
another  optic  tract,  namely,  the  optic  tract  of  tlie  opposite  ^ide.  Thus  the 
fibres  of  the  temporal  hnlf  of  the  right  eye  and  of  the  nasal  half  of  the  left 
eye  pa«8  into  the  right  optic  tract»  and  the  fibres  of  the  nasal  half  of  the 
right  eye  and  of  the  tempond  half  of  the  left  eye  pass  into  the  left  optic 
tract.  Compare  Fig.  211,  in  which  the  fibres  forming  the  right  optic  tract 
are  shaded,  while  those  forming  the  left  optic  truct  are  left  unshadetl.  Now 
the  oaaal  half  of  one  retina  and  the  teniftoral  half  of  the  other  retina  are 
"corresponding"  parts.  Hence,  while  each  optic  tract  contains  fibres  be- 
longing to  half  of  each  eye,  the  two  haU'cs  thus  represented  in  each  tract 
are  corresjionding  halves. 

The  amount  and  character  of  the  decusaation  taking  place  in  the  optic 
chiasma  differs  in  different  animal  types,  the  difference  having  relation  to 
the  amount  of  binocular  vUion,  which  in  turn  depends  on  the  [>o6itioa  of 
the  eyes  in  the  head,  that  \h,  on  the  prominence  of  the  face  between  the 
eyesL  In  the  fish,  for  instance,  with  laterally  placed  eyea,  no  binocular 
vision  at  all  is  possible,  and  the  decussation  is  complete;  the  whole  optic 
oerve  of  each  eye  crosses  over  lo  the  other  optic  tract.  Between  this  and 
(he  arrangement  in  man,  just  described,  various  stages  obtain  in  various 
animals. 

The  chiasma  also  contains  at  its  hinder  part  fibres  which  have  no  con- 
nection with  the  optic  nerves  or  the  eyes,  but  arc  simply  commissural  tracts 
passing  from  one  side  of  the  brain,  namely,  from  the  median  corpus  genicu- 
latuiu  r$  031 )  along  one  optic  tract,  through  the  chiasma  to  the  other  optic 
tract,  and  so  to  the  median  corpus  geniculatum  of  the  other  side  of  the 
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brain.  These  fibres  are  spoken  of  as  the  inferior  or  poeterior  (opdc)  com" 
mimure  or  arcuate  comuiitjaure,  ur  GuiMen's  uorumii^ure.  It  was  ODoe 
thought  that  in  a  similar  way  fibres  pa^ed  from  one  retina  along  one  optic 
nerve  through  the  front  part  of  the  chiaama  to  the  other  optic  nerve,  and 
so  the  other  retina,  forming  an  anterior  (optic)  commissure  ;  but  this  seems 
to  be  an  error, 

•!  669.  The  Dplic  vesicle  is,  as  we  have  seeu,  budded  off  from  the  fore- 
brain  or  forerunner  of  the  third  ventricle,  and  the  optic  chiasma  is  attached 
to  and  forms  part  of  the  ttoor  or  ventral  wall  of  that  ventricle.  In  a  view 
of  the  basal  or  ventral  surface  of  the  brain  the  divergiog  optic  tracts  are 
ieen  to  separate  the  anterior  perforated  space  and  lamina  cinerea  in  front 
from  the  posterior  perforated  space,  tuber  cinereum  with  the  infuudibulum, 
and  corpora  albicantia  behind,  all  tliCHe  being  parts  of  the  floor  of  the  third 
ventricle.  From  the  gray  matter  in  this  floor,  fibres  forming  what  is  soroe- 
tinifs  Bpokcn  of  as  Meyncrt's  commissure,  belonging  neither  to  the  optic 
nerves  nor  to  the  inferior  commissure,  join  the  optic  tracts,  eventually 
leaving  them  to  pass  to  the  pes.  Hence  the  whole  of  the  optic  tract  is  by 
no  means  derived  from  the  optic  nerve;  the  fibres  just  mentioned  and  the 
inferior  commissure  form  parts  of  the  optic  tract  not  connected  with  the 
retina. 

Each  optic  tract  crosses  obliquely,  being  in  crossing  firmly  attached  to  the 
ventral  surface  of  (lie  crua  cerebri  of  the  same  side  (Fig.  186,  C),  and  is 
B*K>n  lost  to  view,  being  covered  up  by  the  temporo-sphenoida!  lobe  of  the 
hemisphere.  When  this  is  removed  the  tract  is  seen  to  sweep  dorsally  round 
the  crus  toward  the  dorsal  aspect,  and  as  we  have  already  (^  6:^1)  said,  to 
become  connected  on  the  further  side  of  the  crus  with  the  two  corpora  geiti- 
euiuia,  lateral  mud  median  ■  We  may  say  at  once  that  the  nie<]iau  corpus 
geniculatum  h:is  no  connection  with  that  part  of  the  tract  which  is  derived 
from  the  opiic  nerve,  and  is  not  concerned  in  vision,  but  is  connecteil  with 
that  part  of  the  tract,  sometime.'!"  callod  the  median  port,  which  goes  u»  form 
the  inferior  commissure.  We  may  confine  our  attention  to  that  part  of  the 
tract  which  consists  exclut*ively  of  fibres  coming  from  the  retinas  of  the  two 
eyes,  for  it  is  this  part,  ami  this  part  <mly,  which  is  concerned  in  vision. 

^  670,  This  ends  in  three  main  ways,  as  shown  diagratumatically  in  Fig. 
211.  In  the  firet  place,  part  of  the  tract  ends  in  the  lateral  corpus  genicu- 
latum (GL.),  formed  of  alleniatiug  layers  of  white  and  gray  matter,  the 
gray  matter  containing  in  some  pans  large  nerve-cells,  and  in  oilier  5>maII 
nerve-cells.  In  these  cells  of  one  kind  or  another,  many  of  the  fibres 
appear  to  end.  In  the  second  place,  a  very  large  number  of  fibree  passing 
the  corpus  geniciilatnm  on  its  ventral  and  lateral  surfaces  spread  out  into 
the  pulvinar  (/^r.).  Tn  the  third  place,  others  in  considerable  number, 
taking  a  more  median  direction,  reach  the  anterior  C4>rpU8  quudrigemiuum 
(.4Q.).  These  two  sets  als(»,  like  the  first,  end  apparently  in  the  nerve  cells 
of  the  resfjective  btidies.  Thus,  the  really  optic  fibres  of  the  oplic  tract  end 
in  one  of  three  collections  of  gray  matter,  the  lateral  corpus  geniculatum. 
the  pulvinar,  and  the  anterior  corpus  quadrigeminum.  Further,  we  have 
reasons  for  thinking  that  a  considerable  part  at  all  events  of  the  gray  matter 
of  these  three  bodies  is  associated  with  and,  in  a  certain  sense,  (le|>endent 
on  the  fibres  of  the  optic  nerves;  the  reasons  are  as  follows  :  We  know  that 
when  a  nerve-fibre  is  cut  away  from  its  trophic  centre  it  degenenuea;  but 
the  divi.sion  and  the  loss  of  the  perijdieral  <legeuerating  portion  has  no 
obvious  efTect  on  the  trophic  centre ;  when  a  spinal  nerve,  for  instance,  is 
divided  below  the  spinal  ganglion,  though  the  nerve  belo^v  the  section  degen- 
erates, the  ganglion  and  the  piece  of  nerve  in  couuectiou  with  it  remain  very 
much  as  before;  we  have  it,  however,  in  our  power  to  bring  about  changes  uf 
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A  deeper  nnd  wider  character,  a  cessation  nf  growth  amounting  to  atrophy, 
by  operative  interference  with  nervnua  cftructures  before  they  are  fully  cJe- 
veloped.  Thus,  in  an  adult  animal,  a  section  of  an  optic  nerve  or  removal 
of  Ine  eye  leads  to  degeneration  in  the  optic  nerve  and  optic  tract;  the  optic 
fibres  have  their  trophic  centre  in  certain  cells  of  the  retina,  of  which  we 
shall  «peak  in  treating  of  vision,  and  cut  away  from  that  centre  they  degen- 
erate; by  this  means  the  natnrc  of  the  optic  decussation  in  auimals»  and 
indoe^l  in  man,  has  been  ascertained.  But  if  the  eyes  be  removed  (removal 
of  b<ith  eyes  being  desirable  on  account  of  the  characters  of  tlie  optic  decus- 
sation) in  a  newborn  animal,  not  only  do  both  the  optic  nerves  and  the 
greater  part  of  both  optic  tracts  cease  to  be  further  developed  and  degen- 
erate, but  the  bodies  mentioned  above,  the  two  laCeml  corpora  geniculata, 
the  pulviuar  on  each  aide,  and  the  two  anterior  corpora  f|uadrigeminft,  do 
Dot  fully  develop;  certain  part?  of  them  unilergu  atrophy.  The  deveh>p- 
ment  of  thei»e  nervous  structures  seems  therefore  to  be  largely  dependent  on 
their  functional  connection  with  the  eyes  by  means  of  the  optic  tracts  and 
nerves. 

The  same  method  confirms  the  view  expressed  above,  that  the  median 
corpus  g«uicutatum  has  no  connection  with  vision.  When  the  eyes  of  new- 
born animals  are  extirpated^  neither  the  median  corpora  geniculata  nor  the 
posterior  corpora  quadrigemina  show  any  sign  of  atrophy*  and  the  part  of 
the  optic  tract  which  does  not  degenerate  is  the  inferior  commissure  coa- 
neciing  the  two  median  corpora  geniculata.  Obviously  these  parts  are  asso- 
ciated with  functions  of  the  brain  other  than  those  of  sight.  The  lateral 
corpora  geniculata,  the  pulvinar,  and  the  anterior  corpora<:juadngemina,  are, 
we  may  repeat,  alone  to  be  regarded  as  the  chief  central  part;*  in  which  the 
optic  nerves  end.  We  may  also  repeat  that  owing  to  the  peculiarity  of  the 
optic  decussation  each  optic  nerve  thus  tiuds  its  endings  in  both  sides  of  the 
brain- 

While  the  optic  chiasma  is,  as  we  have  seen,  helping  to  form  the  floor  of 
the  third  ventricle,  it  gives  off  fibres  to  the  pcisterior  perforated  s[K)t.  Some 
of  theae  have  been  supposed  to  pass  directly  in  the  wall  of  the  ventricle  to 
the  nucleus  of  the  third  (oculo-motor)  nerve,  and  to  serve  as  a  channel  for 
afferent  impulses,  causing  constriction  of  the  pupil;  but  to  this  we  shall 
return  in  dealing  hereafler  with  the  movements  of  the  pupils. 

^  671.  Though  the  above  three  bodies  are  undoubtedly  the  chief  endings 
of  the  optic  nerve,  three  primary  visual  centres,  if  we  may  so  call  them,  it 
is  alao  believed  that  some  fibres  of  the  optic  tract,  making  connections  with 
neither  of  these  three  bodies,  pass  by  the  crus  cerebri  straight  to  certain 
parts  of  the  cerebral  hemisphere  (Fig.  211,  ^)  ;  but  this  fourth  ending  is  by 
DO  means  so  clearly  estnb]i!<lied  as  are  the  other  three. 

And  undoubtedly  the  main  connection  of  the  cerebral  hemisphere  with 
the  optic  tract  is  not  a  direct  one,  but  an  indirect  one,  through  the  three 
bodies  in  question.  We  said  ( ?  (i34)  that  fibres  proceeding  from  the  occipital 
eortex  and  reaching  the  thalamus  through  the  hind-limb  of  the  internal 
capsule  formed  what  wa?  called  the  "  optic  radiation.''  These  fibres  l>egin- 
uing  (or  ending)  in  the  cortex  of  the  occipital  region,  end  (or  begin)  (Fig. 
211,  op,  rad,)  to  a  large  extent  in  the  pulvinar  and  in  the  lateral  corpus 
geniculatum,  but  also  in  the  anterior  corpus  quadrigemiuum,  reaching  it  by 
the  anterior  brachium  (^  635).  When  even  in  a  grown  animal  the  occipital 
cortex  is  destroyed,  not  only  these  fibres,  but  also  }>art8  of  the  pulvinar  and 
external  corpus  geniculatum,  undergo  degeneration,  and  there  is  some  change 
b  the  anterior  corpus  ouadrigeminum.  When  the  same  cortex  is  doatroyed 
Id  a  newborn  animal  tne  same  parts  atrophy;  and  in  Kuch  cases  the  outic 
tract  and  nerve,  which  are  but  little  affected  by  the  operation  in  the  adult 


842 


THE    BRAIN. 


Animal,  are  also  involved  in  the  atrophy.  We  may  add  that  removal  of  bolh 
eyes  in  the  newborn  aniraul  is  said  to  lead,  besides  the  atrophy  of  the  three 
bodies  in  ciuestiou.  to  diminished  occipital  lobe  due  to  lack  oi  wbit«  matter. 
We  nmy  therefore  conclude  that  in  the  complex  act  of  vision  two  orders  of 
central  apparatus  are  involved  ;  we  may  speivk  of  two  kinds  of  centres  for 
vision^the  primary  or  lower  visual  centres  supplied  by  the  three  bodies  of 
which  we  are  speaking,  and  a  secondary  or  higher  visual  centre  BUpplie<i  by 
the  cortex  in  the  occipital  region  of  the  cerebrum.  And  experimental  reeulu 
accord  with  this  view. 

Before  we  proceed  to  discuss  those  results,  one  or  two  preliminary  observa- 
tiiHia  may  prove  of  use. 

In  the  first  place,  as  we  have  previously  urged,  the  interpretation  of  the 
rejfiilts  of  au  exjjeriuieiit,  in  which  we  have  to  judge  of  sensory  eflect*.  are 
far  more  uncertain  than  when  we  have  ttv  judge  of  motor  etfects,  that  is,  of 
course,  when  the  experiment  is  conducted  on  an  animal.  We  can  estimate 
the  motor  effect  quantitatively,  we  can  measure  and  record  the  contraction 
of  the  muscle,  but  iu  estimating  a  sensory  effect  we  have  to  de[»end  nn  signs, 
our  interpretation  of  which  is  baseti  on  analogies  which  may  or  may  not  be 
niialejiding.  We  are  on  safer  grunnd  when  we  can  appeal  to  man  himself  in 
the  experiineuts  instituted  by  disease ;  but  the  many  advantages  thus  secured 
are  often  more  than  counterlmhincetl  by  the  diffuse  chnractHns  or  the  nomplex 
concomitants  of  the  legion.  In  dealing  with  sensory  effects  we  must  expect 
and  he  content  f(»r  the  present  with  conclusions  less  definite  and  more  uocer- 
tain  even  than  those  gained  bv  the  study  of  motor  effects. 

In  the  second  place,  in  dealing  with  vision,  it  will  be  desirable  to  know  the 
meaning  which  we  are  attaching  to  the  words  which  we  employ.  By  blind- 
ness, that  is,  "complete"  or  "total"  blindness,  we  mean  that  the  movements 
and  other  actions  of  the  body  are  in  no  way  at  all  inliuence<l  by  the  amount 
of  light,  falling  on  the  retina.  Of  partial  or  incomplel*  or  imjierfect  vision, 
u^ing  the  word  vision  in  its  widest  sense,  there  are  many  varietiesi ;  and  we 
may  illustrate  some  of  the  defects  of  the  visual  machinery,  regarded  a.*«  a 
whole,  with  its  central  as  well  as  its  peripheral  parts,  by  referring  to  certain 
delects  of  vision  due  to  changes  in  the  eye  itself  The  eye  may  fall  into  such 
a  condition  that  the  mind  can  only  appreciate,  and  that  to  a  varying  degree, 
the  difference  between  light  and  darktteas  ;  the  mind  is  aware  that  the  retina 
(or  it  may  be  part  of  the  retina)  is  being  stimulated  to  a  lesa  or  greater 
degree,  but  cannot  perceive  that  one  part  of  the  retina  is  being  stimulated  in 
a  different  way  from  another  ;>art ;  a  sensation  of  light  is  excited,  but  not  a 
set  of  visual  sensations  corresponding  to  the  sets  of  pencils  of  luminous  rays, 
which,  reflected  or  emanating  from  external  objects  in  a  definite  order,  are 
falling  u[K>n  the  eye.  The  eye  again  may  fall  into  another  condition,  iu 
which  such  sets  of  visual  sensations  are  excited,  but  on  account  of  dioptric 
imperfections  or  for  other  reasons  the  several  sensations  are  not  adeqtiaielr 
distinct ;  the  mind  is  aware  through  the  eye  of  the  existence  of  "  things, ' 
but  cannot  adequately  recognize  the  characters  of  those  things ;  the  visual 
images  are  blurred  and  indistinct.  And  a  large  number  of  gradation.s  are 
possityle  between  the  extreme  condition  in  which  only  those  objects  which 
present  the  strongeut  contrast  wilh  their  surroundings  are  visible  to  a  condi- 
tion which  only  just  falls  short  of  normal  vision.  Imperfections  of  this  kind, 
of  varying  degree,  may  result  from  failure,  not  in  the  peripheral  apparatus, 
not  in  the  retina,  or  optic  nerve  or  other  parts  of  the  eye,  but  in  the  central 
apparatus;  the  retinal  image  may  be  sharp,  the  retina  and  the  optic  fibrea 
may  be  duly  responsive,  but  from  something  wrong  in  some  part  or  other  of 
the  brain  the  visual  sensations  excited  by  the  visual  impulses  may  fail  in 
distinctness,  and  that  in  varying  degree  ;  imperfections  of  vision,  whether  of 
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mtral  or  peripheral  origin,  in  which  vi^^ual  ftensationa 
pokeu  of  under    the  not  wholly  unexce 


fail  in  distiactness 
oLiouable    name 


of 


general 
ombfyoptn. 

If  one  optic  nerve  be  dividetl,  total  hiindnees  of  one  eye  will  result ;  but 
if  one  optic  tract  be  divided,  it  follows  from  what  has  been  said  above  that 
half-blindneas  in  the  corre8[>ondinE  halvw  of  both  eyea  will  result.  If,  for 
iuftUnce.  the  right  opiic  tract  (Fig.  209,  Op,  T.)  be  divided,  the  Jcfl  vianal 
fields  of  both  eyes  will  be  blotted  out.  The  same  condition  will  l>e  brought 
about  by  failure  in  the  optic  tract  at  its  central  ending,  provided  of  course 
the  mifichicf  be  confined  to  the  ending  of  the  one  tnict.  ^uch  a  half-blindues8 
or  half-vision  is  Sfjoken  of  as  heynianopnin  or  kemutnopiit  or  hemiopm  ;  the 
wordfl  leli  and  right  are  generally  used  in  reference  to  the  visual  field  ;  thus, 
left  hemianopsia  is  the  blotting  out  of  both  left  visual  fields  through  failure 
of  the  right  optic  tract. 

If,  instead  of  the  whole  optic  nerve  being  divided,  certain  bundles  only 
were  cut  across,  partial  blindness  would  be  the  result,  a  portion  of  the  visual 
field  would  be  blotted  out,  uutl  miachief  limited  to  a  fe^v  bundles  of  one  optic 
triict  would  lead  to  corresponding  blots  in  the  corresponding  halves  of  the 
visual  fields  of  both  eyes. 

Further,  an  affectiun  of  half  the  retina  or  of  a  limited  area  in  the  retina 
might  occur  of  such  a  character  tm  to  lead,  not  to  complete,  but  to  partial 
blindness,  to  a  liemi  amblyopia  or  to  a  partial  amblyfipia.  The  part  of  the 
retina  so  aHected  might  be  central,  or  peripheral,  or  a  ipiadrant,  or  any  patch 
of  any  ^ize,  form,  and  relative  position.  And  we  may  further  imagine  it  at 
least  ixi^sihle  that  mischief  in  the  brain  might  be  so  limited  as  to  produce 
any  of  the  above  partial  effects,  though  the  retina,  optic  nerve,  and  optic 
tracts  all  remained  intnct. 

The  above  visual  imperfections  we  have  illustrated  by  changes  in  the  peri- 
pheral apparatus,  but  there  is  a  kind  of  imperfection  which  we  may  still  call 
a  visual  imperfection,  though  it  is  of  purely  central  origin.  In  a  normal 
state  of  things  a  visual  sensation  excited  in  the  brain  ie  or  may  l>c  linked  on 
10  n  chain  of  pnycfaical  events;  we  often,  then,  sfwak  of  it  as  a  visual  idea. 
When  we  see  a  dog  the  visual  sensation,  or  rather  the  group  of  sensations 
making  up  the  visual  perception  of  the  dng,  dues  not  exist  by  itself,  apart 
from  all  the  other  events  of  the  brain  ;  it  joinfa  and  afi^ecta  them,  and  among 
the  events  which  it  bo  affects  may  be  and  oflen  are  psychical  events;  the 
visual  i>erception  **  enters  into  our  thoughtti"  and  modifies  them.  Hetween 
the  visual  impulse,  as  it  travels  along  the  optic  nerve  or  tract,  and  its  ulti- 
mate psychical  effect,  a  whole  series  of  **venta  intervene;  and  we  may  take 
it  for  granted  that  the  chain  may  be  broken  or  spoilt  at  any  of  it«  links,  at 
the  later  as  well  as  at  the  earlier  ones.  We  may  therefore  consider  it  possi- 
ble that  the  break  or  damage  may  occur  at  the  links  by  which  the  fully 
develo{>ed  visual  sensation  joins  on  to  psychical  operations.  We  may  sup- 
pose that  an  'object  is  seen  and  yet  does  not  af!ect  the  mind  at  all,  or  affects 
it  in  an  abnormal  way- 

These  foregoing  considerations  emphasize  the  difficulty  and  uncertainty  of 
interpreting  the  visual  condition  of  an  animal  which  has  been  experimented 
opoD.  When,  for  instance,  after  an  operation,  an  animal  ceases  to  be  influ- 
enced in  its  previous  normal  manner  by  the  visual  effects  of  external  objects, 
a  most  cAreful  psychical  analysis  is  often  necessary  to  enable  us  to  judge 
whether  the  newly  introduce<l  disregard  of  this  or  that  object  is  due  to  the 
mere  visual  sensations  being  blurred  or  blunted,  or  to  some  failure  in  the 
psychical  appreciation  of  the  sensations ;  and  in  most  cajies  such  an  analysis 
isneyond  our  reach.  The  greatest  caution  is  nectlful  in  drawing  conclusiuns 
from  experiments  of  this  kind,  especially  from  such  as  appear  to  have  been 
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hastily  carried  out  or  hastily  observed  ;  and  we  must  He  content  here 
dwell  on  Ponie  of  the  broader  features  only  of  the  subject. 

ij  672.  Siuce  we  have  in  this  matter  to  trnst  so  miirh  to  analogies  with  oui 
own  exjHfrieuce,  we  may  turn  at  unoe  to  the  monkey  as  beinp  more  instruo-* 
tive  than  any  of  the  lower  animals.  We  have  already  ^aid  that  eleetrit^a! 
excitation  of  the  occipital  cortex  behind  the  motor  repion  may  prtxluce 
movements,  but  that  tlieiie  movements  are  in  character  different  from  those 
caused  by  stiraulalifm  of  the  motor  region  itself.  In  the  monkey  stimulation 
of  parts  of  the  occipital  region,  the  occipital  lobe,  and  the  angular  gyrus,  for 
instance,  may  ^ive  rise  to  movements  of  the  eyes,  of  the  eyelids,  and  of  the 
head,  that  is  of  the  neck,  all  the  movements  so  produced  1>eiug  such  as  are 
ordinarily  connected  with  vision.  It  will  not  l>e  profilable  to  enter  here  into 
the  details  concerning  the  exact  topography  of  the  excitnblc  parts  or  of  the 
special  chanictera  uf  the  movements  so  called  forth.  But  it  is  important  xo 
note  that  thewi  movements  are  unlike  the  niove?nents  excited  by  stimulutioa 
of  the  appropriate  motor  area,  inasmuch  as  their  occurrence  is  far  less  cer- 
tain, they  need  a  stronger  stimuluB  to  bring  them  out;  whenevoke<l  tliey  are 
feeble,  being  easily  antagonized  by  appropriate  stimulation  of  the  motor 
area,  and  tht-y  have  a  much  longer  latent  perio<l.  Tliey  are  not  due  to  any 
indirect  stimtilatirm  of  the  motor  area,  through  "association"  fibres  con- 
necting the  spot  stlmulateil  with  the  motor  area,  or  otherwise,  since  they 
persist  after  removal  of  the  motor  area.  Mnvements  of  this  kind  rony  also 
ne  witnessed  in  the  dog.  They  are  obviously  the  result  of  impulses  tmns- 
raitted  in  some  direct  manner  from  the  cortex  to  some  parts  below,  and  may 
be  taken  ns  an  indication  tliat  the  parts  of  the  cortex  in  question  are  in  t*ome 
way  connected  with  vision.  The  exact  manner,  however,  in  which  they  arc 
brought  about  is  at  present  obscure.  Thn  pxplanation  of  their  gene^ig  which 
is  frequently  otferetl,  namely,  that  the  stimulation  so  aHects  the  cortical  gray 
matter  as  to  give  rise  tu  visual  sensations,  and  that  the  movements  express 
these  sensations,  does  not  seem  patisfactory.  For,  if  it  be  possible  that  the 
groea  changes  which  the  electric  current  sets  going  in  the  cortical  gray  matter 
can  reproduce  the  psychical  events  which  take  place  in  that  gray  matter  in 
the  normal  action  of  the  brain,  we  should  expect  stimulation  of  any  and 
every  part  of  the  cortex  to  call  forth  some  movement  or  otiier,  since  it  cannot 
be  doubted  that  every  part  of  the  cortex  is  in  Rome  way  or  other  engaged  in 
psychical  o{>erations,  and  that  every  |)8ychical  phase  tends  to  express  itself 
in  movement.  Whereas,  outside  the  motor  region,  with  the  exceptions  we 
are  now  discussing,  the  cortex  is,  ns  we  have  seen,  '*  inexcitable,"  and  even 
within  the  motor  region  itself  the  excitable  substance  is  scattered,  with  in- 
creasing f-egrcgation  as  we  advance  along  the  animal  scale,  among  inexcitnbl© 
substance.  Wheu  we  speak  of  the  region  or  substance  as  inexcilable,  wo  do 
not  mean  that  the  elnctnc  current  produces  no  effect;  we  only  mean  that 
the  effect  is  not  manifested  by  movement;  the  real  difference  between  the 
excitable  motor  region  and  the  inexcilable  rest  of  the  cortex  is  probably 
that  in  the  several  motor  areas  the  current,  playing  upon  the  beginnings  of 
the  pyramidal  fibres,  is  able  to  inaugurate  simple  motor  impulses  or  some- 
thing like  them,  whereas  elsewhere  the  molecular  changes  induced  by  the 
current  are  too  confused  to  reach  their  normal  expression.  There  can  be  no 
doubt,  of  course,  that  molecular  changes  in  this  or  that  part  of  the  brain, 
set  going  by  processes  other  than  actual  visual  impulses  along  the  optic 
nerves,  may  give  rise  to  visual  sensations ;  and.  as  we  shall  see  in  dealing 
with  the  senses,  the  subject  of  such  "subjective"  sensations  is  unable  to  dis- 
tinguish them  from  sensations  of  "objective"  origin;  but  it  is  at  least 
unlikely  that  the  coarse  disturbancvs  started  by  a  tetanizing  current  should 
take  such  a  definite  form.     Moreover  the  view  in  question  is  disproved  by 
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!he  experimental  result  that  the  same  movements  are  brought  about  when 
the  cortex  ia  pared  invav  and  the  electntdes  are  applied  to  the  subjacent 
white  matter.  This  rewuit  HUggests  the  existenee  of  efferent  tracU  or  bundles 
of  a  special  kind,  differing  from  thope  of  the  pyramidal  kind,  though  like 
them  making  connections  with  the  ocular  and  other  muaclea;  we  have,  how- 
ever, tv^  yet  nn  otlier  evidence  of  such  tracts  existing. 

§673.  The  results  of  removal  of  ihc  cortex  also  support  the  same  general 
conclusion,  though  there  is  much  discordance  among  the  various  observers, 
both  as  to  the  particular  resuli*  and  t'S|H>cially  as  to  their  interpretation. 
One  broad  fact  comes  out  in  all  the  observations,  namely,  that  the  removal 
of  or  injury  to  the  hind  region  of  the  cortex  always  produces  some  diaturh- 
aooe  of  vision,  nnd  prmluces  di.sturhance  of  vision  more  surely  and  to  a 
greater  extent  than  dues  injury  to  nr  removal  of  any  other  region  of  the 
cortex  ;  but  heyiaid  this  broad  fact  there  is  much  dispute,  and  we  must  be 
ooutent  here  with  a  very  brief  statement. 

Id  the  monkey  sniue  observers  have  found  that  removal  of  the  occipital 
lobe  on  one  aide  (the  region  marked  '*  vision  "  in  Figs.  204  and  '205)  caused 
hemiopia.  the  effect  on  the  visual  fields  being  a  crossed  one;  when  the  right 
Idbe  waj*  removed  there  was  blindness  in  the  lefY  visual  fields,  that  is,  in  the 
right  halves  of  the  retinas  of  both  eyes  ;  in  other  words,  the  visual  imjmlses 
pa&iiug  along  the  right  optic  tract  failed  to  prmluce  their  usuh)  effect,  so  that 
the  animal  disregarded  oojects  on  its  left-band  side.  We  may  remark  ihnt 
the  decussation  of  the  optic  nerves  iu  the  monkey  is  very  similar  to  that  in 
man.  When  both  occipitiil  lobes  were  removed,  total  blindness  resulted. 
But,  and  this  is  most  impi^rtant,  not  only  was  the  heruiopia  caused  by  the 
removal  of  <me  lobe  transient,  but  alB<j  according  to  some  observers,  the  loat 
vision  returne<i  aller  the  total  removal  of  both  lobes,  though  some  impair- 
ment might  be  uoticeil  long  afU'rward^so  long  in  fact  as  the  animal  was  kejA 
alive. 

In  the  hands  of  other  observers  destruction  of  the  angular  gyrus  of  one 
aide  (Fig.  203 )  has  led  to  hemiopia,  failure  in  the  Icfl  (or  right)  visual  fields, 
indicating  failure  iu  the  central  endings  of  the  right  (or  left)  optic  tract, 
being  caused  by  removal  of  the  right  (or  left)  gyrus,  and  destruction  of  Ijolh 
angular  gyri  has  led  to  total  blindness,  not  only  the  hemiopia,  but  the  total 
blindness  being,  however,  apparently  transitory.  And  cases  have  been  ob- 
served in  which  the  transient  blindnet^  due  to  removal  of  the  occipitjil  lobee 
haft  been  succeeded  bv  permanent  heoiiopia  upon  the  subserjuent  removal  of 
the  angular  gyrus.  Indeed,  the  general,  but  nut  uniform,  tendency  of  the 
many  experiments  which  have  been  made  is  ut  connect,  in  the  monkey,  both 
the  occipital  lobe  and  the  angular  gyrus  with  vision. 

In  the  dog,  removal  of  pi>rtions  of  the  occipital  cortex  have  alao  led  to 
partial  and  tran.sient  blindness,  or,  according  to  some,  to  permanent  blind- 
nen;  but  the  diOiculties  of  judging  the  visual  C(mdition  of  a  dog  are  very 
considerable,  and  his  vision  i»  ^to  different  from  that  of  man,  so  much  leea 
binocular,  for  instau(^e,  than  his,  that  it  would  not  be  profitable  to  relate  at 
length  the  results  ofitained  in  the  dog  or  to  discuss  tne  conclusions  which 
have  been  derived  from  them.  We  will  only  say  that  some  observers  have 
been  led  to  think  that  the  lateral  part  of  the  retina  is  connected  with  the 
lateral  part  of  the  visual  occipital  area,  the  front  part  with  the  front  part, 
and  so  on,  the  retina  being,  as  it  were,  projected  on  to  the  occipital  cortex  ; 
but  the  facts  are  not  clear  enough  to  make  it  worth  while  to  dwell  upon  Uiem 
here. 

In  man  clinical  histories  so  far  conforni  to  the  results  of  experiments  on 
the  monkey  as  to  associate  the  occipital  cortex,  and  more  particularly  the 
cuoeufl  (see  Figs.  207  and  208),  with  vision.     They  have,  however,  raised  a 
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pnint  on  which  we  have  not  yet  touched.  In  the  experimentfi  on  the  monkey 
quoted  above,  the  result  (putting  aside  trnosieut  effecia  due  probably  to 
"  tihock  ")  ot'interfereuee  with  <>ne  side  of  the  brain  was  hemiopm;  and  thi^ 
is  what  we  niight  expect  i'rom  the  anatomical  relations;  the  optic  tract  g<»ee 
straight  to  the  tegmental  masses  of  its  own  side,  and  the  optic  radialioo 
pas^s  from  those  masses  to  the  occipital  cortex  of  the  same  side;  there  is 
no  decussation,  save  of  the  fibre>  of  the  optic  nerve,  as  they  pass  into  the 
optic  tract  at  tlie  chiasma.  Clinical  histories  teach  the  same  lessons  as  these 
experiiiienta  on  animals;  le-sjons  limited  to  the  occipital  lube  have  for  a 
symptom  hemiopin  ;  and  this  is  sai*!  to  be  espetially  thtj  result  of  mischief 
hmited  to  the  apex  of  the  occipital  lobe,  that  is,  to  the  cuneus.  But  exf>eri- 
nients  on  monkeys  have  been  made  in  which  destruction  of  one  ungular 
gyrus  has  produced,  not  hemiopia,  but  crossed  blindness  or  crosi^ed  amblyi»- 
pia,  that  is  to  say,  has  affected  the  whole  of  the  retina  of  one  eye,  and  that  the 
crossed  eye,  the  eye  of  the  same  side  not  being,  or  being  supposed  not  to  be.  at 
all  atiected ;  similar  results  have  also  been  slated  to  follow  upon  removal  of 
one  occipital  lobe.  And  a  few  clioical  cases  have  been  recorded  in  which 
disease,  especially  of  the  augutar  gyrus,  seemed  to  atf'ect  the  vision  of  the 
whole  of  the  crossed  eye.  (It  must,  he  remembered  that  the  angular  gvrus 
of  man  corresponds  to  a  part  only  of  the  whole  angular  gyrus  of  the  moukey. 
Cf.  Fig.  2(Ki  with  Fig.  'J07.}  Some  authors  have,  in  accordance  with  this, 
put  forward  the  theory  that  the  occipital  lobe  serves  as  a  corlicjil  centre  tor 
the  optic  tract  <d  its  own  side  only,  and  so  for  one  half  of  each  retina,  while  in 
front  of  this  on  Jhc  arignhir  gyms  is  a  centre  in  which  both  optic  tracts  are 
represented.  Hut  the  clinical  histories  bearing  on  this  point  cannot  be 
regarded  us  wholly  satisfactory;  and  with  reference  tu  the  experimental 
results  we  may  once  more  insist,  and  the  warning  applies  perhaps  with  par- 
ticular force  to  these  experiments  on  vision,  on  the  danger  of  confounding 
those  imme4liate  ctlccis  of  operative  interference,  which  are  of  the  nature  of 
*'  shock  "  in  the  wide  sense  of  that  word,  with  those  pure  "deficiency  "  phe- 
nomena which  are  alone  the  outcome  of  the  loss  of  the  part  removed.  It  is 
difficult  to  resist  the  conclu,sion  that  much  of  the  transitory  blindness  which 
is  observed  in  these  experiments  belongs  to  the  former  category,  that  i 
effect  is  transient  because  it  is  of  the  nature  of  shock,  and  not  becuus*.'  t 
)o68  of  faculty  is  supplied  by  some  other  cortical  area  being  subseijueniir 
substituted  for  the  one  removed.  In  the  dog,  injury  io  the  frontal  region  uf 
the  cortex  unaccompanied  by  any  secondary  mischief  in  the  occipital  region 
bos  led  to  impaireil  vision;  mid  this  was  probably  an  instauiH;  of  **  shock," 
for  we  have  no  other  rcneon  to  connect  the  frontal  region  of  the  cortex  with 
vision.  We  must  be  very  careful  in  drawing  the  conclusion  that,  because  an 
operation  produces  transient  blindness,  the  part  operated  on  has  a  direct 
share  in  viaion;  and  we  may  well  hesitate  to  accept  the  view  that  the  whole 
retina  is  rej>resented  in  the  crossed  hemisphere. 

In  conclusion  we  may  say  that,  when  all  the  many  results  which  have  1>eeu 
arrived  at  by  experiment  or  by  clinical  observation  are  duly  weighed,  it  will 
be  felt  that  while  the  evidence  ftir  the  occipital  lobe,  especialJy  the  cuneus^ 
being  concerned  in  the  matter  is  convincing,  we  cannot  in  the  present  slate 
of  our  knowledge  dogmatically  exclude  the  angular  gyrus,  and  that  hen(*e 
the  only  clear  and  consistent  statement  which  can  be  made  with  anv  cx>n' 
6dence  is  the  broad  and  simple  one  that  the  hind  region  of  the  cortex  is  id 
8<jme  way  intimately  concerned  in  vision. 

•5674.  Such  an  attitude  becomes  all  the  more  necessary  when  we  ask  our- 
selves the  question,  What  is  it  which  actually  taked  place  in  the  c(»rtex 
during  vision?  Are  we  to  conceive  of  it  as  ii  a  visual  impulse  eet  going 
along  the  fibres  of  the  optic  tract  underwent  no  essential  change  until  it 
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iched  the  cortex,  ns  if  it  there  sud<lenly  developer!  into  a  "  visual  sensa- 
n?"  We  can  hanlly  jjuppose  this.  Ik'tweeu  the  ctjrtex  and  the  optic 
tract,  the  lower  vIbuuI  centrci*,  the  te^uicnLul  mm<i}es,  intervene ;  and  we  can 
hnrdly  suppose  that  iuterfereuce  with  these  bodies  produces  the  same  eflect 
QD  vision  as  tjiinple  eectiou  of  the  optic  tract.  We  have  seen  in  a  jirevioiiH 
■Bction  timi  the  Irog  an<t  the  bird  ctTtainly,  and  according  to  some  observers 
also  the  rabbit,  are  in  the  absence  of  the  cereliral  hemispheres  not  totally 
blind,  their  movements  beinj;  guided  by  retinal  impressions;  and  cases  are 
recorded  of  the  dog  beinj;j  obvioii.'^U*  <4till  guided  in  some  measure  by  retinal 
impressions  alter  the  occipital  lobes  had  beun  whollv  or  almotiit  wholly 
removed.  And,  though  this  ia  a  matter  at  present  outside  exact  knowledge, 
and  though  it  is  perhaps  positible  tor  sinaple  afferent  iYiipulscs  to  determine 
eveD  complex  movements  without  the  intervention  oi'  "  cousciousness,"  wc 
are  probably  justified  in  a.^iiming  that  the  simple  visual  impulses,  travelling 
along  the  fibres  of  the  optic  tracts  undergo  important  transformations  ii)  the 
tegmental  masses,  and  thai  the  chan^'e.n  which  are  pmpagated  along  the 
fibres  of  the  optic  radiation,  coiustitute  something  <iuite  different  from  the 
iDipulKe»  along  the  optic  tract  or  nerve. 

Judging  from  the  analogy  of  the  motor  region  we  may  probably  assume 
that  in  vision  the  cortical  events  nre  psychical  in  nature,  and  tlmt  the  function 
of  the  optic  radiatiun  is  to  furnish  what  we  may  call  crude  visual  scn^uions 
for  further  psychical  elaburfltiun. 

Nor  need  this  view  compel  us  tu  suppose  that  injury  to  or  removal  of  the 
cortex  must  produce  only  psychical  blindness  or  psvchical  impairment  of 
vision,  though  this  point  has  probably  not  been  sufficiently  held  in  view 
during  the  various  experimenLs,  sufficient  care  not  having  been  taken  to 
determine  how  far  the  blindness  was  purely  psychical.  Bearing  in  mind  the 
degeneration  following  upon  lesions  of  the  occipital  cortex,  and  the  far- 
reaching  etlects  of  any  operation  on  the  brain,  we  maysuppoi^e  that  injury  to 
the  cortex  atlecls  the  lower  centres  as  well ;  and  some  of  tht;  transient  im- 
purment  of  vision,  on  which  we  have  just  dwelt,  may  perhai^  be  explained 
as  the  etiect  of  the  cortical  injury  on  the  lower  centres. 

Although  the  matter  is  thuK  in  mnny  of  iU  details  at  present  outside  our 
exact  knowledge,  we  may  probably  conclude  thafin  the  complex  act  of  com- 
plete vision,  while  part,  especially  the  more  itsychical  part,  is  carried  out  in 
the  cortex,  more  particularly  of  the  occipital  regiim,  part  is  accomplL^hed  in 
the  lower  centres,  the  tegmental  masse:*.  As  to  the  several  functions  of  the 
three  masses,  wc  know  almost  al>^olutely  nothing.  Electric  stimulation,  and 
it  is  said,  mechanical  stimulation  also,  of  the  anterior  corpora  quadrigemina 
in  mammals,  or  the  optic  lobes  in  lower  animals,  calls  forth  movements  of  the 
sye»,  and  of  various  parts  of  the  body ;  and  removal  of  them  causes  blind- 
neas  and  in  some  cases  loss  of  coordination  of  movements.  Our  knowledge 
OD  these  points  ia  not  very  exact;  but  fn>m  the  above  facta  as  well  as  from 
the  connections  of  the  anterior  corpora  quadrigemina  with  the  parts  of  the 
brain  behind  we  may  possibly  suppose  that  theve  bodies  are  more  especially 
cuDcerned  with  the  part  visual  impulses  play  in  determining  the  cooroination 
of  movements.  We  must  remember,  however,  that  all  three  masses  are  con- 
Qecte<l  with  the  cortex,  and  probably  all  three  play  a  part  in  vision  even  of 
the  highest  psychical  kind. 

SeiiBaHoru  of  Smell. 

$675.  The  olfactory  nerve,  which  is  uudoubteilly  the  nerve  of  smell,  stands 
like  the  optic  nerve  apart  from  the  rest  of  the  cranial  nerves ;  and  a  few 
vorda  as  to  its  structure  and  relations  will  be  necessary. 
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Lying  on  the  ventral  surface  of  the  anterior  reg'ion  of  '•  *  *  T, 

ou  eufh  eide  of  the  uuteriur  lii&siire,  ia  seen  the  (ilfiirtory  l)i.  b' 

longed  directly  haokward  na  the  nlfaclor)'  tract,  coming  nppRn>4itiy  Ui  tn 
where  the  bind  margin  of  the  frontal  lobe  abuts  on  tlu*  nulcnor  fwrl 
space  in  the  Huor  of  the   IVont  part  of  the   third  vontrielc.     Th«  bandl 
fiore?  forming  the  (»lfactory  nerve  proper  spring  fmm  the  bulb,  whidl 
immediate  eerebnil  origin,  both   bulb  and  tract  being  mdly  paitA  of 
cerebrum.     Just  ba  the  fc)re-hrain  bud:}  off  on  fuch  eide  the  optic 
form  the  optic  nerve,  bo  each  cerebral  vesicle  buda  off  an  olAhctorr  virfi 
the  front  part  of  which  becomes  the  ruuuded  bulb  and  the  reoMuftdsri 
rouodefl  trigonal  tract  or  [leduncle  connecting  the  bulb  with  the 
In  man  the  original  cavity  of  the  vehicle  is  obliterated,  being  filled  up 
neuroglial  gelatinous  flul>stance,  but  in  the  lower  animals  remaint  aa  a  111 
space,  the  ventricle  of  the  olfactory  tract. 

The  bulb  is  a  specialized  ma%  of  gray  matter,  forming  a  ■i>rt  of  cap  to  thm 
end  of  the  tract,  and  presents  anme  analogic*  with  the  corttts  of  ihm  bMai' 
sphere.  Along  the  middle  line  lies  the  core  of  neuru^Iial  KelaiinoiM  aob- 
Btance;  but  the  side  of  the  bulb  dor»al  to  this  core,  in  ci>auct  with  1^ 
bemiaphere,  va  much  less  devclnjted  than  the  aide  lying  ventnil  Ui  the 
next  to  the  cribriform  plate  ;  and  we  may  confine  oumelvca  Id  iW 
|Kiriion.  Xext  to  the  neurt>glial  core  liea  a  layer  of  lougitudSnat  na 
Hbres,  with  which  are  mingled  suuie  uerve-cell».  This  layer 
beginning  of  the  tract  inside  the  bulb,  is  thinnest  at  the  r  .l  .  .  :r«t  cs- 
tr«mity  of  the  bulb  and  gradually  thickens  btuikward.  Next  in  it  Ins  • 
"nuclear**  layer,  cum  posed  of  small  nuclear  fsells,  arrnn'_""'  "■  •»  N«r' 
in    longiludinally-diaposed   rows.     Fibres  fmm   the    i  r  pam 

between  tht^  gnmpe.  which  are  znoreovetiteparated  by  uin-tiai-ing  uhimUm  of 
fibres.  Next  to  this  layer  come«  a  8f»niewhii!  thick  one,  which 
be  compared  to  the  molecular  layer  of  thti  ccrel>cllum  or  to  Um  pj 
layers  of  the  ccrcbnmi.  It  is  c<mif>ostHl  of  ji  molecular  groaDd 
|>artly  nourogliHl  in  nature,  travenMsl  by  numerous  fibrils  and  fibna^ 
of  the  latter  lieing  of  the  tine  niediitlntcd  kind  ;  it  also  contAins,  in  no 
number  in  man,  ncrvc-celU,  Homr  of  which  from  their  triangular  totm 
ta|H.'ring  branched  processes  an?  not  unlike  the  pyramidal  ocllaoftbe 
The  larger  of  these  cells  arc  generally  foumi  near  the  uuelear  Unrsr* 
to  this  mulecu  lar  layer, '  tr  "  gelatinous  layer  "  as  it  is  sometimm  caiWl, 
still  working  outward  toward  the  surface,  a  chnracterifitic  layrr  in  whieli  M« 
found  the  "  ulfnctorv  glomeruli  ;*'  luid  outside  this  ih  the  layer  of  ol&ff^ofv 
fibres  proper,  that  ts  to  say.  fibres  uon-medullat«d  (ji  70)  \iut  bcBriuf  ■■ 
obvious  ni'urileninia.  These  olfactory  fibres  are  arraiigef)  in  ■  cI«m  sM 
plexus,  and  bundles  of  fibres  gathered  up  IVom  the  plexus  ai  intcrvsb 


the  pia  niutcr,  which  iuvt«ts  tlie  bulb  and  Airniahes  it  with  nn  ampl^  "Ppb^ 
of  blfMKlvt-asels,  to  form  the  olfactory  nerve  pro[ier.  Th*-  iftru<?uire  of  tW 
olfactorv  glomeruli,  which  are  HUtut  0.0/>  mm.  in  diameter,  hns  doI  tm 
been  fully  made  out ;  they  arc  dfwcriiMNl  ns  l>oiug  formed  by  coils  of  tibs 
olfactory  Hbres  with  small  cx^lls  an<l  bl(KMlvi-»M?]s  tntcrv|H>nietl  amoo^ 
in  the  lower  animals  a  finely  granular  ground  nuli^tjinfv  is  prCMBt 
from  the  layers  beneath  have  been  trace*!  to  th^m.  \\V  mar  p«rlMBi« 
tikai  they  serve  as  the  immediate  origin  of  the  olfurtury  fibras;  Imt 
exact  relations  to  the  other  layers  of  the  bull)  are  by  no  rneuM  Hfl 
The  tract  is  com|)oeed  partly  of  longitudinal  fibrf»,  with  whioh  Mt 
nerve-cells,  and  partly  of  neuroglial  gelatinous  subatanor.  Tl»e  fihra  h^gia 
in  the  bulb,  which  ap)>ears  to  serve  as  a  relay  between  then>  *'<'<  t^-  ^>^ 
of  the  olfactory  nerve  proper ;  and  while  some  appear  to  en  114 

tract  itnelf.  (Hhers  are  continued  on  to  the  end  of  the  trad,  imna^  j-«doi  toy 
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Bbres  taking  orifrin  along  the  tract,  Wc  may  comjiare  the  hiilb  and  the  tract 
to  a  part  of  the  retina  (as  we  shall  see,  a  part  of  the  reliim  correspondfl  to 
the  olfactory  niueous  niemhratiet  anti  the  o])tie  nerve. 

The  dorsa!  surface  of  the  tract  ie  tidherent  to  and  coulinuoua  with  the 
•ubstauoe  of  the  cerebral  liemiyfihere,  iii  n  groove  of  which  it  iies,  but  the 
tract  may  be  considered  iw  indopendeiu  of  the  hemisphere  until  it  reaches  its 
end,  at  which  it  breaks  i\\>  wtn  bunds  of  fibres,  spoken  of  as  it*  *'  roots.*'  The 
moBt  conspicuous  of  these  is  a  lateral  one,  which  sweeping  laterally  neross  the 
anterior  perforated  spaw,  at  the  mouth  of  the  fissure  of  Sylvius,  may  be 
traced  to  the  nucleus  amygdalae  (Fig.  194.  iV^w),  and  the  junction  of  thie  with 
the  hippocampal  or  uncinate  gyrus  (Fig.  1:*0H)  in  the  tem|>oral  lobe  of  the 
hemisphere  of  the  same  side.  A  much  smaller  median  one,  which,  however, 
in  some  of  the  lower  animals  is  large  and  conspicuous,  takci;  a  median 
direction,  passes  into  the  anterior  commissure  (ii  iy'AQ)  and  so  reaches  the 
olfactory'  tract  of  the  opp<iaite  side.  Other  ^mall  root«  have  also  been 
dfe^criboil. 

^  676.  In  many  animals  in  whom  the  sense  of  smell  is  acute,  a  portion  of 
the  cortex,  known  as  the  "  pyrifornj  lol>e"  or  "hippocampal  Inbule/' and 
which  is  anatomically  continuous  with  the  front  end  of  the  hippocampal 
gyrus  (the  part  t*)  which  the  nan»e  uncinate  gyrus  is  ot\eu  restricted), 
acquires  relatively  largti  dimensions.  Thin  and  the  anatomical  relations  just 
mentioned  would  lead  us  to  suppose  that  a  part  of  the  cortex  which  is  con- 
tinuous with  the  trout  end  (»f  the  hippi>camjml  gyrus  is  in  some  way  con- 
nected with  smell.  Tfie  nri^ument  from  comparative  anatomy,  however,  is 
one  which  miigt,  be  used  with  caution ;  since,  besides  the  great  difficulty  of 
determining  the  homoloL^ies  of  parLs  of  the  brain  in  different  uninmls,  rela- 
tive increase  iti  the  fiart  in  question  might  he  correlated  to  other  things  than 
the  power  of  smelly  and  might  be  determine*!  by  circumstances  having  no 
relation  to  smell. 

The  ex|>erimeutal  evidence,  though  on  the  whole  it  gives  support  to  the 
view,  is  conHicting;  and  when  the  difficulty  of  ilelermining  whether  a 
"dumb  animal"  can  or  cannot  smell  is  borne  in  miud,  this  will  not  be  won- 
dered at.  The  observation  that  electrical  stimulation  of  the  region  in  ques- 
tion gives  rise  to  movements  of  the  nfjstrils,  which  have  been  interpreted  aa 
nitfiDg  in  response  Ut  subjective  olfactory  sensations,  cannot  have  much 
weight;  and  while  some  observers  have  found  that  the  removal  of  this 
part  of  the  brain  destroys  the  seuse  of  smell,  others  have  obtained  negative 
results. 

The  few  clinical  histories  which  l>ear  upon  the  matter  are  perha^ie  more 
trustworthj'.  These  seem  to  show  that  a  leaion  involving  the  cortex  of  this 
region,  but  leaving  the  olfactory  bulb  and  tract,  as*  well  as  other  parts  of 
the  brain,  intact,  may  destroy  or  greatly  impair  smell.  And  we  may,  per- 
haps, give  particular  weight  tt)  the  cases  in  which  epileptiform  attacks,  pre- 
ceded by  an  **aura"  in  the  form  of  a  peculiar  smell,  have  been  associated 
with  disease  limited  to  this  region ;  for  the  phenomena  of  '*  aura"  seem  to  be 
connected  with  cortical  proceaaes. 

Though  the  evidence  on  the  whole  goes  to  show  that  the  cortex  at  the 
front  end  of  the  hippticanipal  gyrus  isespcciallv  connected  with  smell,  and 
we  have  so  markea  it  in  Fig.  210,  yet  the  whole  matter  stands  on  a  some- 
what different  footing  from  the  sense  of  sights.  In  man  the  relations  of  smell 
to  the  other  operations  of  the  brain  (though,  as  we  shall  see  in  dealing  with 
the  senses,  somewhat  peculiar)  are  far  more  limited  than  are  those  of 
vision,  and  the  ])sychical  development  of  simple  olfactory  sensations  is 
extremely  scanty. 

54 
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Sefisalions  of  Tcute.  ^H 

§  677.  This  special  eeDse,  though  so  closely  aseociated  with  emell,  stuiflH 
together  with  the  special  senfte  of  hearing,  on  a  ditferent  footing  from  mP 
two  preceding  special  aeuses,  since  the  nervee  concerned  belong  to  the  cate- 
gory of  ordinary  cranial   nerves,  and  we  lack,  in  reference  to  tbeni,  the 
anatomical  leading  which  in  offered  to  us  in  the  case  of  the  optic  and  oHac- 
factory  nerves. 

We  shall  see  in  dealing  with  the  senses  that  the  fifth  nerve  and  the  gloeeo- 
pharyngeal  nerve  have  been  eunsidered  as  nerves  of  taste,  but  that  the  matter 
is  one  subject  to  controversy;  the  gUHtntorv  function  uf  the  fifth  is  attributed 
t-o  the  peculiar  chorda  tympani  nerve,  ami  other  questions  have  been  raised. 
Whatever  view  we  take,  however,  tlie  nerves  of  taste  are  ordinary  cranial 
nerves,  and  we  have  ut)  anatomical  guidance  as  to  the  fibres  of  either  of  the 
above  two  nerves  making  special  connections  with  any  part  of  the  cortex. 
Though  sensatioDs  of  taste  enter  largely  into  the  life  of  animals,  and  indeed 
of  man  himself,  we  have  no  satisfactory  indications  which  will  enable  us  to 
connect  this  special  8en.«e  with  any  part  of  the  cortex  ;  the  view,  indeed,  has 
been  put  forward  that  some  part  of  the  cortex  in  the  lower  portion  nf  the 
temporal  lobe,  not  far  from  the  centre  for  smell,  serves  as  u  centre  for 
taste ;  but  the  arguments  in  favor  of  this  view  are  not,  as  yet  at  leaet, 
convincing. 

SetiMiions  of  Hearing. 

§  678,  The  cochlear  division  of  the  eighth  or  auditory  nerve  may  be 
aesumed  to  be  a  nerve  of  the  special  sense  of  hearing,  and  uf  that  alone; 
the  vestibular  division  serves,  as  we  have  seen,  fur  other  functions  than  thoee 
of  hearing  ($  t)43),  but  as  we  shall  urge  in  dealing  with  the  senses  is  not  to 
be  regarded  as  wholly  useless  for  the  purposes  of  that  sense.  The  C4>chleAr 
division  wc  have  traced  (*s  619)  into  the  bulb,  and  the  vestibular  division 
into  the  lateral  auditory  nucleus  (which,  j>erha|)s,  may  be  regarded  as  a 
continuation  or  segmenul  repetition  forward  of  the  cuueate  nucleus  or  of 
part  of  that  nucleus),  and  into  the  cerebellum,  the  cerebellar  continuation 
being  probably  the  part  of  the  nerve  which  serves  for  coordinating  func- 
tions. The  connections  of  the  auditory  nerve  with  the  crerebral  hemisphere 
belong  to  the  same  category  as  those  of  other  afferent  rranial,  and  we  may 
add  spinal,  uervet? ;  we  have  no  very  clear  anatomical  guide  toward  any 
particular  pan  of  the  cortex. 

When  we  turn  to  the  empirical  results  furnished  by  experiment  and 
clinical  observations,  we  find  that  these,  though  even  less  di'tinile  and  less 
accordant  than  in  the  case  of  the  senses  of  sight  and  smell,  jwunt  to  part  of 
the  first  or  superior  temporal  (tfinporo  sphenoidal)  convolution  (Pigs.  204, 
207,  and  209)  Iving  in  the  tempornl  lobe  Just  ventral  to  the  Sylvian  fissun:, 
as  being  especially  concerned  in  hearing  in  some  such  way  as  the  occipital 
lobe  is  concerned  in  vision. 

Electrical  stimulation  of  this  region  of  the  cortex  gives  rise  to  *'  pricking 
of  the  ears,"  and  other  movements  such  as  are  frequently  connected  with 
auditory  sensations;  but  such  phenomena  are  in  this  instance,  perhans,  to  be 
de|M*n<led  upon  even  less  than  in  other  similar  instances.  While  some 
observers  maintain  that  this  convolution,  the  operation  including  other  por- 
tions of  the  tempornl  lolw  as  well,  may  be  removed  from  n  monkey  without 
producing  any  certain  signs  of  deafness,  other  observers  have  found  ihsi 
removal  of  it  on  one  side  affected  the  hearing  of  the  ear  on  Uie  opposite  side. 
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aoH  removal  on  both  sides  brought  the  auimal  into  a  coiiHition  iu  which, 
without  being,  jierhapfl,  absolutely  deaf,  it  reacterl  towiird  sound  in  a  very 
inijiert'ect  manner  indeed,  very  different  from  its  uoriual  behavior.  The 
bcanty  clinical  histories  bearing  on  tliis  matter  are  not  very  decisive;  for 
tJiough  deafnef>s  has  been  observed  in  connection  with  diseaj^e  aflecting  the 
superior  temporal  convolution,  the  legion  has  usually  invaded  other  parts  as 
well,  and  the  deufiiess  has  been  associated  with  other  symptomB,  notably 
npha!<ia.  An  auditory  ■*aura"  has,  however,  at  times  been  observed  in  con- 
nection  with  disease  of  this  region,  a^  ub$o  a  {leculiar  psy<-'hii'al  failure, 
known  as  '*  word-deafness/'  in  which,  though  sounds  are  heard,  that  is  to 
8Ay  auditory  sensations  are  felt,  it  may  be  even  as  usual,  the  perception  or 
pt^ychical  appreciation  of  the  sounds  is  lacking,  and  a  spoken  word  U  uot 
recognized. 

Lai^tly,  we  may  add  that  though,  as  we  said,  the  anatomical  leading  is 
not  (teHnite,  observers  have  found  that  in  newborn  animals,  on  the  one 
hand,  destruction  of  the  part  of  the  cortex,  probably  corresponding  to  the 
region  uieutione<l  above,  leads  tt)  atrophy  of  the  median  corpus  geniculutum, 
and  to  «»me  extent  of  the  posterior  corpus  quadrigeminum  ;  and,  on  the 
other  hand,  destruction  of  the  internal  ear  leailts  to  an  atrophy  of  part  of 
the  lateral  fillet  of  the  o[>p«8ite  crossed  side,  which  may  be  traced  to  the 
posterior  corpui»  quadrigcminura ;  and  thence  to  the  median  corpus  gen icu- 
latum  ;  and  section  of  the  lateral  fillet  on  one  side  leads,  among  other  re- 
sults, to  atrophy  of  the  stritc  acustica?  and  tubcrculum  acusttcum  (§619)  of 
the  crfjssed  side.  This  suggests  that  the  path  of  auditory  imj)ulseH  is  along 
the  cochlear  nerve  to  the  lateral  tillet  of  the  crossed  side,  and  so  by  the  pos- 
terior corpus  (piadrigemiuum  and  median  corpus  geniculatum  to  the  cortex 
of  the  temporal  IoIk*  of  that  crossed  side  ,the  two  latter  bodies  bearing  toward 
hearing  a  relation  jsomewbat  like  that  borne  toward  sight  by  the  anterior 
corpus  quadrigeminum  and  lateral  corpus  geniculatum.  But  the  matter 
needs  further  investigation. 

There  remains  the  special  sense  of  touch,  but  this  we  had  better  consider 

connection  with  sensations  in  general. 


On  the  Development  op  Cutaneous  akd  some  other  Sekbations. 

§679.  The  sensations  with  which  we  have  Just  dealt  arise  through  im- 
pulses passing  along  special  nerves  or  parts  of  special  nerves,  the  optic  nerve, 
the  olfactory  nerve,  etc. ;  we  have  now  to  deal  with  sensations  arising 
through  impulses  along  the  nerves  of  the  body  generally.  These  are  of 
Beveral  kinds.  In  the  tii'st  place  there  are  sensations  which  we  may  speak 
of  as  *' cutaneous  aensaliuns, '  the  impulsett  giving  rise  to  which  are  started 
in  the  skiu  covering  the  body,  or  in  the  so  called  mucous  membrane  lining 
certain  pa.ssages.  These  sensatiitns,  which,  as  we  shall  see  in  dealing  with 
the  sensei*.  are  dependent  on  the  existence  of  special  terminal  organs  in  or 
near  the  skin,  are  senaations  of  "touch."  in  the  narrow  meaning  of  that 
word,  by  which  we  appreciate  contact  wiih  and  pressure  on  the  skin,  and 
the  sensations  of  "  temi>erature,"  which  again  we  may,  as  we  shall  see, 
divide  into  sensatiitns  of"  heat"  and  sensations  of  "cold.'*  These  sensations 
may  be  excited  in  varying  degree  by  impulses  passing  along  any  nerve 
branches  of  which  are  supplied  to  the  skin.  Then  there  are  the  sensations 
constituting  the  "  muscular  sense,"  to  which  we  have  already  referred,  and 
these  again  may  be  excited  in  any  nerve  having  connections  with  the  skeletal 
muscles. 

As  we  shall  see  in  dealing  with  the  senses,  when  a  nerve  is  laid  bare  and 
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its  fibres  are  stimulated  directly  either  by  pressure,  such  as  pinching*  or  by 
heat,  or  by  cold,  or  iu  nther  wav^,  the  scusnlioDB  which  are  caused  <io  not 
enable  us  to  ni>jireciate  whether  the  stimulation  is  one  of  contact  or  pressure, 
or  of  temperature,  or  of  some  other  kind  ;  we  only  ex|)erienet;  a  "  feeling," 
which  at  all  events  when  it  reaches  a  certain  inteusity  we  speak  ofa8*'pain." 
And  we  have  reason  to  think  that  at  least  from  lime  to  lime  impulses  ah>Dg 
various  nerves  give  ri.se  to  sensations  which  have  been  spoken  of  as  those  of 
•'  general  sensibility,"  by  which  in  addition  to  i>ther  sensations,  such  as  those 
of  touch  and  of  the  muscular  sonse,  we  become  aware  of  char)f?ea  in  the  con- 
dition and  circumstances  fii'  tmr  body.  When  the  stimulation  of  the  skin 
exceeds  a  certain  lituit  ui"  iiileneiity,  the  sense  of  touch  or  tem|jerature  is  k*t 
in.  thai  is  to  say,  is  nut  appreciated  us  separate  from,  the  sense  of  pain  ;  and 
under  abnormal  circii^istiuices  acute  sensations  of  pain  are  started  by 
changes  in  parts,  for  example  tendons,  the  condition  of  which  under  normal 
circumstances  we  are  not  conscious  of  appreciating  through  any  distinct 
sensation,  thougli  it  may  be  that  these  iMirts  do  uorniallv  give  ris*  lo  feeble 
impulses  contrihuting  to  *'  general  sensibility."  It  may  therefore  be  debated 
whether  "  pain  "  is  a  phase  of  all  sensations,  or  of  general  sensibility  alone, 
or  a  sensation  stti  generic.  We  shall  have  Homething  further  to  say  on  this 
matter  when  we  treat  of  the  senses;  meanwhile  it  will  be  convenient  for 
present  purposes  if  we  consider  that  the  sensations  we  have  to  deal  with  just 
now  are  the  seniuitions  of  touch  and  of  temperature,  those  of  the  muscular 
sense,  and  those  of  general  sensibility  including  those  of  pain. 

§680.  The  fairly  convincing  evidence  that  the  occipital  corlex  baa  special 
relations  with  vision,  and  the  less  clear  evidence  that  other  regions  have 
special  relations  with  urnell  and  hearing,  suggest  that  special  parts  of  the 
cortOK  have  special  relationB  with  the  sensations  now  under  consideration. 
But  in  the  cases  of  the  senses  of  sight  and  smell  we  had  a  distinct  uuatomic&l 
leading;  and  we  have  seen  how  uncertain  is  the  evidence  where  such  an 
anatomical  leading  fails,  as  in  hearing  an<l  taste.  In  the  case  of  sensations 
of  the  body  at  large,  the  anatomical  leading  similarly  fails.  Moreover  any 
attempt  to  push  the  analogy  of  sight  raises  the  following  que^ition  :  If  there 
were  two  optic  nerves  on  each  side  of  the  head,  would  there  be  two  c«)rtic»l 
areas,  one  for  each  nerve,  in  each  hemipphere.  or  one  visual  area  only  ?  And 
again,  if  the  optic  nerve  were  the  instrument  for  some  seuse  in  addilioD  to 
that  of  sight,  would  there  be  two  cortical  areas,  one  for  each  sensation,  or 
one  area  only  serving  as  the  cortical  sialiou,  so  to  speak,  of  the  whole  nerve? 
If  we  push  thi!  analogy  of  sight  it  is  open  for  us,  since  we  cannot  give  a 
definite  answer  to  the  above  question,  to  suppose  either  that  there  is  one  area 
for  touch,  another  area  for  tem)>erature,  and  so  on,  each  for  the  whole  biniy, 
or  that  there  is  an  area  for  eeusalions  of  all  kinds  for  each  atierent  nerve,  or, 
that  there  is  an  intricate  arrangement  which  supplier  all  the  combinations  of 
the  two  which  are  requireil  tor  the  life  of  the  individual.  Of  the  Uiree 
hypotheses  the  latter  is  the  more  f>r<>hablc ;  but  if  so,  it  is  by  itfi  very  nature 
almost  insu^^ptible  of  experimental  proof,  especiully  when  we  bear  in  mind 
what  wt*  have  already  said  touchiog  the  difficulty  of  judging  the  senifaliontf 
of  animals.  If  the  judgment  of  visual  sensHtious  is  difficult,  how  much  more 
difficult  must  be  the  judgment  of  seasations  of  touch  and  temperature? 
Indeed,  sensations  of  pain  are  the  only  sensations  of  which  we  c«n  form  a 
quantitative  judgment  in  animak;  aud  our  method  of  judging  even  these, 
namely,  by  studying  the  movements  or  other  effects  indirectly  produced,  id  a 
most  imperfect  one. 

We  can  learu,  therefore,  almost  absolutely  nothing  in  this  matter  from 
experimeutal  sliruulatiou  of  the  cortex  in  animals.  As  we  have  previously 
(§672)  urged,  the  absence  of  movements  when  parts  of  the  cortex  other  than 
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the  motor  regions  are  stimulated  is  no  evidence  that  the  slimulatiun  does  not 
give  rise  to  psychical  events  into  which  sensations  enter;  and  nioveiuenta 
follow  etiniulatioD  of  the  motor  area,  not  he<rau8e  that  area  is  wholly  fipven 
up  to  motor  events,  but  because  from  the  histological  arrangement  the 
stimulus  gets  ready  access  to  relatively  simple  motor  mechanisms.  That  the 
motor  region  has  einse  connections  with  sensory  factors  is  not  only  almost 
oertain  on  theoretical  groun<i8,  hut  im  shown  in  many  ways,  for  example  by 
the  ex|}eriment,  described  in  $  (UV2,  of  exalting  the  aenaitivenesa  of  a  motor 
area  by  generating  peripheral  sensory  impulses. 

Nor  can  the  ett'ects  on  sensation  of  removal  of  parts  of  the  cortex  be 
interpreteij  with  clcaruois  and  certainty.  In  the  monkey  removal  or 
destruction  of  the  gyrus  fornioatus  (Figs.  20.'I  and  205)  on  the  mesial  surface 
of  the  brain,  ventral  to  the  calloso-marginal  sulcus  which  forms  on  the  mesial 
suriace  the  ventral  limit  of  the  motor  region  (an  operation  of  very  great  dif- 
ficulty), has  brought  the  whole  of  the  nppneite  side  of  the  body  to  a  condition 
which  has  been  dej«cribed  as  an  aniesthesia,  that  is  a  loss  of  all  cutaneous 
tactile  sensations,  and  an  analgesia,  that  Is  a  loss  of  sensations  of  paio,  the 
condition  being  accuntpanied  by  little  or  no  impairment  of  voluntary  move- 
ments and,  though  apparently  diminishing  as  time  went  on,  lasting  until  the 
death  of  the  animal  some  weeks  afterward.  Again,  removal  of  the  con- 
tinuation of  the  gyrus  fbruicatu^  into  the  gyrus  hippocampi  has  in  other 
ilHtiuices  led  to  a  more  transient  aniesthesin  also  of  the  whole  or  greater  part 
of  one  aide  of  the  body.  And  it  is  asserted  that  removal  of  no  other  region 
of  the  cortex  interferes  with  cutaneona  iind  painful  sensations  in  so  striking 
and  lasting  a  manner  as  does  the  removal  td'  part^,  or  of  the  whole  of  this 
menal  region. 

These  results,  however,  do  not  accord  with   clinical   experience,  which, 

tliough  scanty,  seems  as  far  as  it  goes  to  show  that  in  man,  when  mischief 

jippiarently  limited  to  the  cortex  produces  loss  of  sensations,  it  is  the  parietal 

lobe  C4»rre» ponding  to  the  motor  region  which  is  affected  ;  but  tbere  ap|>ear« 

trt  l>€  no  record  of  any  case  of  a  cortical  lesion  afleciing  sen.aaiion  without 

atiecting  movement.     We  have  previously  called  attenti<m  u*  the  fact  that 

the  temporary  lo^  or  impairment  of  movement  which  ftillows  removal  of  an 

area  is  frequently,  if  not  always,  atTompanied  by  an  impairment  of  cutaneous 

aensations  in  the  limb  or  part  "  paraly^u^d;"  and  side  by  side  with  this  we 

tnay  put  the  experience  that  in  the  human  epileptiform  attacks  of  cortical 

origin,  the  seizure  i$  at  times  ushered  in  by  peculiar  sensations,  calleil  the 

•'  aura,"  in  the  part  movements  of  which  inaugurate  the  zuarch  of  (Convulsive 

movements.     But  these  things  do  not  show  that  the  cortical  area  is  the  "seal 

of  senaations ;  *'  they  rather  illustrate  what  we  mxd  concerning  the  complexity 

of  the  chain  of  which  the  events  in  the  cortical  area  are  links,  and  the  close 

lie   between  sensory  factors   and    the  characteristic  elements  of  the  motor 

t«^OD. 

In  the  dog,  while  removal  of  almost  any  considerable  portion  of  the  cortex 
affects  sensation,  removal  of  parts  in  the  frontal  region  producing  j)erhape 
affect  than  removal  of  parts  in  other  regions,  the  loss  or  impairment  of 
appears  to  be  transient,  though  having  a  duration  broadly  propor- 
tionate Ui  the  extent  of  cortex  remove*! ;  and  wdien  u  very  large  ixtrtion  of 
the  c*»rtex  is  remove<l,some  impert'eclion  appearr!  to  remain  to  the  end.  We 
hav«  already  referred  to  the  case  of  a  dog  from  which  the  greater  part  of 
both  cerebral  hemis|>heres  had  been  removed,  hut  which  remained  C4ipahle  of 
carrying  out  most  of  the  ordinary  bodily  movements,  and  that  apparently  in 
a  voluntary  nninner;  in  this  case  the  "blunting"  td'  cutaneous  sensations 
was  fterhaps  more  striking  than  the  imperfection  of  movement.  It  will 
wurth  while  to  consider  the  condition  of  this  dog  a  little  closely,  on 
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account  of  the  ligUt  vrhich  it  throws  on  the  problem  which  we  are  now  dU- 
cussing. 

<  'linioal  experience  shows  that  in  man  the  integrity  of  the  cerebral  hemi- 
spheres, and  of  the  connection  of  the  hemispheres  with  the  rest  of  the  central 
nervous  system,  is  essential  to  the  full  development  of  sensatioufi  ;  and  that 
in  this  res(>ect  each  hemisphere  is  related  to  the  crossed  side  of  the  body.  A 
very  common  form  of  paralysis*  or  "  stroke"  is  that  due  to  a  lesion  of  some 
part  of  one  hemisphere  (the  exact  position  of  the  lesion  need  not  eouceru  us 
now),  frequently  caused  by  rupture  of  a  bloodvessel,  in  which  the  f»ationt 
loees  all  |)Ower  of  voluntary  movement  ami  all  sensations  on  the  crossed  side 
of  his  body  (including  tlie  i'ar^)  ;  he  is  said  to  be  sufTt'rin^  from  hemiplegia, 
"onesided  stroke.  '  Not  only  do  voluntary  impulses  fail  to  reach  the  mus- 
cles of  the  affected  side,  hut  sensory  impulses,  such  as  those  which,  started 
for  instance  in  the  skin,  would  under  normal  conditions  lend  to  sensations  of 
touch,  of  heat  or  cold,  or  of  pain,  fail  to  affect  consciousneiag.  when  they 
originate  on  the  affected  side;  tne  patient  cannot  on  that  fide  feel  a  rough 
surface,  or  a  hot  body,  or  the  prick  of  a  pin.  For  the  sake  of  clearness  we 
suppose  the  lose  of  muvcment  and  seiisatiuti  to  be  complete,  but  it  might  of 
course  be  partial  .Such  a  case  shows  we  repeat  that  the  integrity  of  the 
cerebral  hemisphere,  and  of  the  connections  of  that  hemisphere,  we  may  say 
of  the  cortex  of  that  hemisphere,  with  the  other  parts  of  the  nervous  system. 
is  essential  to  the  development  of  the  sensations;  but  it  does  not  prove  that 
the  cortex  of  the  hemisphere  is  the  *'  seat "  of  the  sensations,  it  does  not  prove 
that  the  afferent,  and  sensory  impulses  started  in  the  skin,  undergo  no 
material  change  until  they  reach  the  cortex  and  are  then  suddenly  converted 
into  sensations;  it  only  proves  that  in  the  complex  chain  of  events  by  which 
sensory  impulses  give  rise  to  full  conscious  sensations,  the  events  in  the  cortex 
furnish  an  indi3|)en9ab]e  link.  And  the  phenomena  of  the  dog  in  questioa 
on  the  one  hand  illustrate  how  complex  the  chain  is.  and  on  the  other  hand 
suggest  that  the  completeness  of  the  loss  of  sensation  in  the  hemiplegic  man 
is  not  a  pure  "  deficiency  "  phenomenou.  but  is  due  to  the  lesion  affecting  the 
chain  of  events  in  some  way  or  other  besides  merely  removing  the  link 
furnished  by  means  of  ihe  cortex.  For,  as  we  previously  urge<l,  the  tlog  in 
question,  however  curtailed  its  psychical  life  may  have  been,  .tieemetl  to  a 
casual  observer  to  fee]  and  move  much  as  usual.  Neglecting  visual  and 
auditory  sensatious  with  which  we  are  not  now  dealing,  it  needed  carefid 
observation  to  ascertain  that  some  of  the  animal's  movement-*  fell  short,  the 
failure  being  apparently  due  lo  (he  lack  of  adequately  energetic  coordinating 
sensory  impulses ;  a  stronger  stimulus  than  usual  had  to  be  applied  to  the 
skin  in  order  to  call  forth  the  usual  movements  and  rither  tokens  that  the 
stimulus  was  "felt."  As  we  have  before  urged,  it  is  impossible  to  suppose 
that  the  mere  stump  of  cerebrum  left  in  this  case  could  have  taken  on  all  th« 
function.^  of  the  lost  hemispheres ;  and  making  as  we  have  previously  done 
full  allowance  for  the  differentiation  between  man  and  dog,  we  must  ctmclude 
that  in  the  more  general  sensations  with  which  we  are  now  dealing,  a&  with 
the  more  special  visual  seusations,  the  full  develnpment  of  a  complete  sensa- 
tion is  a  complex  act  of  more  stages  than  one  between  the  Htf*ereut  impulse 
along  the  afferent  nerve  and  the  affection  of  consciousness  which  we  sub- 
jectively recognize  as  *'the  sensation;*'  the  cortical  cvent«  are  only  Mme 
among  several.  It  follows  that  any  analogy  t»etween  the  cortical  event* 
which  play  their  part  in  a  sensatiou  and  the  cortical  evenia  which  imme- 
diately precede  the  issue  of  impulses  from  the  motor  region  ahmg  the  ffbn* 
of  the  pyramidal  load  is  misleading;  the  highly  diflereotiate^i  motor  U>caliza- 
tioD  does  not  Justify  us  in  concluding  that  there  exista  a  similar  to|><>gr«phical 
distributitm  of  sensation. 
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§  681.  We  may  now  attack  the  pr<)blera  id  a  diflFerent  way.  and  instead  of 
begioniog  with  the  cortex  bc^in  with  uHbreut  impulses  started  uluug  atferent 
nerves  from  their  perijiheral  ending*,  and  attempt  to  trace  them  centralward. 
And  first  we  may  call  to  iniud  what  aoatoiuical  guidance  we  poeseas.   (§  570.) 

We  have  seen  ihat  the  fibres  of  posterior  roota,  the  channels  of  afferent 
impulses,  end  in  the  spinal  cord  in  at  least  two  main  ways.  One  set  are  con- 
tinued OD,  not  broken  by  tiny  relays,  a.s  the  median  pceterior  tract,  and  by 
this  iract  representatives  of  all  tlie  spinnl  nerves  are  c<vnnected  with  the 
gracile  nucleus  in  which.  §  till,  the  median  p«»j*terior  column  ends.  The 
other  fibres  of  a  posterior  root  ap)>ear  to  end  in  the  gray  matter  not  far  from 
their  entrance;  but  from  the  gray  uiatter  there  starts  the  cerebellar  tract, 
which,  though  not  conclusively  proved  to  be,  may  be  assumed  to  be  an  afferent 
tract.  We  may  therefore  probably  suppose  that  afferent  impulses  along 
certain  of  the  fibres  of  the  posterior  root  make  their  way  upward  along  the 
cerebellar  tract,  and  there  are  some  reasons  for  regarding  the  vesicular 
cylinder  and  the  cells  which  repre^nt  this  where  it  i^  not  conspicuous  in  the 
regions  of  the  ci>rd,  as  a  relay  between  the  two  systems  of  fibres.  There  are 
mli»  the  more  scattered  fibres  of  the  ascending  nntero  lateral  tract  (§  568), 
which  probably  is  also  an  afferent  tract,  and  therefore  probably  also  con- 
nected with  the  f>oflrerior  roous;  but  aa  we  have  seen  our  knowledge  of  this 
tract  is  imperfect,  though,  if  as  some  urge  it  ends  in  the  restiform  body,  we 
may  perhaps  consider  it  as  similar  at  least  to  the  cerebellar  tract,  and  treat 
the  two  Hs  (me. 

Thus  there  seem  to  be  at  least  two  main  recognized  paths,  in  the  form  of 
tracts  of  fibres,  for  afferent  impulses  along  the  cord;  one  along  the  median 
posterior  c<dumn,  the  other  along  the  lateral  column  in  the  cerebellar  tract. 
The  latter  jNisses  straight  up  to  the  cereheituni  by  the  restiform  body,  trav- 
elling along  the  same  side  of  the  cord,  and  any  crc»ssing  of  impulses  passing 
along  this  tract  must  take  [dace  before  they  enter  the  tract;  we  have,  how- 
ever, no  analoniicai  guidfliice  for  such  a  crossing.  The  other  path,  along  the 
median  posterior  tract,  comes  to  end  in  the  gracile  nucleus;  it  has,  indeed, 
been  urged  that  the  gracile  nucleus  is  thus  connected  chiefly  with  the  lower 
limbs  and  lower  part  of  the  body,  and  that  the  analogous  posterior  root 
fibres  from  the  upj^er  limbs  and  neck  piu^s  similarly  iuto  the  cuneate  nucleus, 
or  at  least  into  the  median  divimon  of  that  nucleus,  but  thi.'?  cannot  be  cod- 
sidered  as  proved.  Moreover  both  the  pf>sterior  columns,  median  and  ex- 
lemal,  bring  to  these  nuclei  fibres  which  have  started  from  some  relay  in  the 
gray  matter  lower  down,  and  which  are  not  fibres  coming  straight  without 
any  relay  from  the  posterior  roots;  these,  however,  we  cannot  distinguish 
from  each  other  in  their  course  beyond  the  nuclei.  From  the  gracile  and 
cuue&te  nuclei  the  path  onward  is  a  double  one,  one  broad,  one  narrow.  The 
broad  path,  the  one  having  most  fibres  and  presumably  carrying  most  im- 
pulses, leads  to  the  cerebellum  by  the  restiform  body  ;  and  here  the  path, 
previously  continued  exclusively  along  the  same  side  of  the  conl,  becomes 
partly  crossed  though  remaining  partly  uncrossed,  the  sensory  decussation  in 
tbe  bulb  being  the  cn)ssed  and  the  other  fibres  passing  from  the  nuclei 
straight  to  the  restiform  body  being  the  uncrossed  one  (!s  61H);  the  uncrossed 
one  we  may,  perhafts,  look  upon  n?  really  an  upper  part  of  the  cerebellar 
tract.  The  narrow  fmlh  is  the  fillet  (t^  635),  by  which  some  of  the  fibres 
from  the  nuclei  are  contiiiu(>d  on  toward  the  cerebrum.  This  path  is  a 
erOMed  one,  the  cro«.sing  taking  place  in  the  sen.s<)ry  decussation,  and  it  car- 
ries relatively  few  impulses,  the  chief  increase  in  the  shje  of  the  fillet  as  it 
p—Ci  onward  being  due  to  fibres  coming  from  structures  other  than  the 
gracile  and  ouneate  nuclei. 

Hence  of  the  sensory  impulses  travelling  along  continuous  tracts  in  the 
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iipinal  cord,  these  tracts  appareotly  keeping  alwayft  to  the 
greut  majority  poie  lu  the  Cfretx^lluui ;  and  of  tbeae  aptiii  ibe 
ber,  all  those  along;  the  cerel^llar  intct,  and  some  of  tho«e  puuDf 
tlie  gracile  and  ouneate  nuclei,  remain  iincroased  to  the  end.     Tbe  only 
by  which  all  tlie^  impulses  thus  puaHiiig  to  the  oerebeUum  rao   itAin 
to  tbe  cortex  of  the  cerebnim,  is  by  jwmie  or  other  of  the  li»  hrtvcefk 
cerebellum  aud  tbe  cerebral  cortex.     The  relatively  few  im;  rh 

along  the  fillet  are  for  the  mrwt  part  landed  in  the  middle  \>a 
for  only  a  small  portion  of  thu  Bllet  paraes  to  the  cortex  (^  (^^i5>.  aad  it  h 
not  clear  that  this  part  of  the  tillct  comes  from  the  gracile  aiwl  euiMBte 
nuclei,  so  that  most  of  thette  impuliws  can  ^n  acceas  to  ibc  coriejc  aoly  hy 
tbe  relays  of  these  middle  parts  of  the  brain. 

Very  striking,  indeed,  are  these  constant  relays  along  the  |mlii  of  mJimmj 
impulses;  in  this  respect  tbe  sensory  impulses  offvr  a  Hrong  onDtnuA  t»  tM 
motor  impulFc^.  Bui  a  t«lill  more  complex  system  of  i^aya  has  lo  fa«  OMH* 
tioned  ;  for  yet  a  thini  path  is  open  tor  sensory,  atferent  iropuli 
(Mjrd.  We  uiui^t  ndmii  tbe  puesibility  of  atferent  intnuii>e«  trnTrlliflif 
the  network  of  the  gray  matter,  their  path  being  oitner  absolutely 
to  tbe  gray  matter,  or  leaving  the  gray  matter  at  intervals,  aod  j< 
again  by  means  of  those,  longer  or  shorter,  commissural  or  intarni 
fibres  which  unite  the  longitudinal  segments  of  gray  matt^,  mod 
inconsiderable  [Hirtion  of  ihc  whole  white  matter  of  the  oonL  We  have 
seen  (^  '>87i  that  under  abnormal  circumstances  impul*e«  pa«  fterij  is  all 
directions  along  the  gray  matter,  and  we  may  conclude  that  aoder  aunBal 
circumstances  they  can  ]>as8  along  it  under  rt-atrictions  and  along  tines  <ie- 
termined  by  phY«iological  cuuditions.  Tbe  llbrea  in  tbe  white  nuUter  mUkk 
do  nut  show  eitder  descending  or  ascending  de^iieralion  are  ptxibablr.ae  «e 
have  said  (i  5^2),  intemuncial  fibres,  cnniKrUng  m^gmenia  of  gray  mattrr 
in  a  longit\idinnI  diretUion  :  and,  though  we  have  no  rxact  knowradg* 
ing  this  matter,  we  may  supfKHH'.  that  some  of  thc«e  ixinwy  impula 
and  others  downward. 

If,  as  some  maintain,  the  fibres  of  the  ascending  anteni-lmt«m] 
not  in  (be  cNfreltelluni,  but  in  the  gray  matter  of  the  bulb,  or  hl|th«r  aft» 
have  a  fourth   path   tor  M'nsory  impulses,  which,  after  tbe  primary  relay 
the  segmental  gray  matter,  piiss  straight  up  to  the  bulb. 

§  682.   How  do  experimental  results  and  clinical  hi«toriotaocaitl  «kh 
an  anatomical  programme? 

We  may  first  call  attention  to  an  exporimeut,  which,  tboofh 
old,  carried  out  on  rabbits,  and  confined  to  one  region  only  of  theoonl^the 
lower  thoracic,  has  uevcrtheleiw  a  certain  value  on  account  »f  ila  aflnrdia^ 
more  or  leas  distinctly  cjnantitative  and  measurable  renilta  We  hare  •«■■ 
(jt  175)  that  iiflerent  impulees  started  in  aflerent  fibreajn  tboar,  for 
of  tbe  sciatic  nerve,  so  affect  the  vasomotor  centre  tn  the  bulb  ae  to  eai 
rise  of  blootl  pressure,  at  least  in  an  animal  under  urari.  Tbov 
impulses  must  pass  by  some  path  or  other  from  the  nmia  wbi^-h  eapydv  tha 
sciatic  nerves  with  afferent  fibres  along  the  tboraeJe  an 
tiulb.  If  the  path  be  blocked,  the  stimulaliim  <if  the 
lo  produf^  the  usual  rise  of  bbNtd-prensure.  Now  in  a 
rise  uf  bl(Huj-pressure  following  upon  tbe  stinuilntTon 
with  a  certain  strength  of  current  bavin/  been  ii- 
a  much  less  riiH-  of  bl(HHl*pre«flUre  or  none  at  all  I'l  < 
aAcr  division  of   certain  parts  of  the  rord  in   the  ii< 

region;   thnt  is  to  say,  the  section  of  the  cord  hns  ri:w 

blocked  the  path  of  the  afferent  impulses.     Further,  tiie  block 

when  the  lateral  column  is  dividoo,  and  is  not  incrvaaed  by  i>lhcr  parts  ol 
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ihe  cord  being  divided  al  the  same  time ;  when  both  lateral  columns  are 
divided,  the  block  is  almost  complete.  And  further,  suppoBing  one  Heiatic, 
say  the  ripfht,  is  the  cue  which  is  stimulated,  a  block  occurs  both  when  the 
lateral  ivlumn  of  the  same,  right,  Bide  aud  when  that  of  the  crotssed,  lell, 
side  is  divide<l,  but  is  greater  w-lien  the  division  is  on  the  crosficd  than  when 
it  w  on  the  same  side.  We  may  inter  that  the  impulses,  which  reach  the 
lumbar  cord  by  the  roots  of  the  sciatic  nerve,  travel  up  the  cord,  or  give 
rise  within  the  lumbar  cord  to  eventa  which  we  may  compare  to  nervous 
impulses,  and  which  travel  n^  the  cord  in  such  a  manner  that  iu  the  lower 
thoracic  region  they  pass  almost  exclusively  along  the  fibres  of  the  lateral 
column,  some  having  kept  to  the  same  side  of  the  cord,  but  more  having 
crossed  over  to  the  opposite  side  l>efore  reaching  the  thoracic  region. 

This  result  was  obtained  in  rabbits,  and  the  experiment  was  carrie<i  out 
10  the  lower  thoracic  region  only;  the  conclusions  to  be  drawu  from  it  hold 
good  for  that  animal  only,  and  for  that  part  only  of  its  cord.  Moreover, 
the  experiment  only  tests  the  path  of  such  impulses  as  reach  and  aHect  the 
Tasomotor  centre  in  the  hiilb.  It  is,  however,  exceedingly  j>rnbflb]e  that  the 
impulses  which,  generated  in  sensory  nerves,  affect  the  vasomotor  centre  are 
impulses  which,  in  ihe  conscious  animal,  give  rise  tu  sensations  of  paiu ;  iu 
an  intact  animal  changes  in  the  vasomotor  centre  occasioned  by  the  stimula- 
tion of  sensfjry  nerves  are  accompanied  by  signs  of  more  or  less  pain.  And 
indeed  this  is  confirmed  hy  the  fact  that  similar  results  were  obtained  when, 
the  exi^riment  being  conducted  in  a  similar  way,  signs  of  pain  instead  of 
variaticms  in  blood- pressure  were  taken  as  the  tokens  of  the  blocking  of 
impulses.  Hunce,  assuming  this,  wo  nmv  regard  the  experiment  a.s  indi- 
cating that  the  impulses  which  form  the  basis  of  painful  sensations  pass  by 
the  lateral  columns  in  the  lower  thoracic  region  of  the  cord  of  the  rabbit, 
and  therefore,  though  this  is  a  further  assumption,  by  the  same  columns 
along  the  whole  lenglli  of  the  cord.  We  further  may  infer  that  while  some 
of  the  impulses  keef)  to  the  same  side  of  the  cord,  others,  and  indeed  the 
greater  number,  cross  to  the  opposite  side. 

These  conclusions  entail  assumption:-,  but  the  main  interpretation  of  the 
whole  experiment  entails  a  .'^tilt  greater  assumption.  The  testing  of  the 
influence  of  the  sciatic  stimulation  was  carried  out  smm  alter  the  section  of 
the  cord,  and  yet  we  have  assumed  that  the  block  of  the  impulses  was  due 
to  a  pure  deficiency  phenomenon,  the  absence  of  a  usual  path.  But  we 
havr  no  right  to  do  this.  It  is  p(»ssible  that  the  section  produced,  in  some 
way  or  other,  a  depressing  or  inhibitory  effect  lower  down  in  the  cord, 
afTec'ting  Btructures  other  than  the  lateral  columns;  all  our  exiwrience,  in- 
deed, of  the  etfeclR  of  operations  on  the  cord  would  lead  us  to  exjiect  this. 
It  is  further  fxi^sible  that  a  section  of  the  lateral  column  might  produce  this 
depressing  eilect,  while  sections  of  other  parts  did  not,  or  might  produce 
more  effect  than  they  could.  It  is  possible,  for  instance,  that  the  section  of 
the  thoracic  lateral  column  inhibited,  for  the  period  during  which  the  ex- 
tieriment  was  carried  out,  the  gray  matter  of  the  lumbar  cord,  and  that  the 
block  really  took  place  in  this  gray  matter.  Vntil  the  uncertainties  thus 
aiteiuling  the  interpretation  are  removed  the  experiment  is  not  valid  as  a 
proof  that  the  lateral  columns  are  the  paths  of  afferent  impulses;  it  would, 
tiowever,  still  serve  to  indicate  that  the  afferent  impulses  reaching  the  cord 
ilong  the  sciatic  nerve  crossed  over  to  a  large  extent  before  they  came  under 
the  influence  of  the  inhibition,  since  we  have  no  evidence  tu  show  that  such 
an  inhibitory  action  of  the  section  wouhl  be  exerted  chiefly  on  the  cro«sed 
aide. 

Again,  we  have  seen  that  the  afferent  impulses  affecting  the  vasomotor 
centre  gain  access  to  that  centre  without  the  help  of  the  parts  of  the  brain 


above  the  bulb;  the  existence  of  the  vaaomolor  centre  was  made  uut  (§  176), 
by  combining  stimiilatinn  of  a  sciatic  nerve  with  a  series  of  openttious  ouii- 
eiflting  iu  making  sucoeaaive  traosver^  sections  of  the  bulb  from  mlK>ve 
d'lWnward;  iinrl  it  was  not  until  the  sections  rcachcil  the  vaaoraolor  c«nLre 
ihrtt  the  blood-pressure  effects  of  the  sciatic  stimulation  were  modified. 
Hence,  if  the  experiment  be  taken  as  showing  that  not  only  atfereut  im- 
pulses aflecting  the  vasomotor  centre,  but  other  afferent  impulses  also  travel 
by  the  lateral  columns,  it  would  also  seem  t»)  show  that  these  other  irn pulse? 
pass  in  like  manner  to  the  huih,  and  gain  acceae  to  the  cortex  throuj^h  the 
bulb.  This  increases  a  dirticolty  which  [»reseuts  itself  even  when  theatTerent 
irapulsee  aflecting  the  vasomotor  centre  are  alone  considered.  If  the  ex|>eri- 
ment  means  anything,  it  means  that  the  impulfws  having  in  some  way  or 
other  reached  the  lateral  column,  travel  up  that  column  by  some  continuous 
path,  and  indeed  h  generally  tiikeu  as  having  that  meaning.  ISut  if  we  put 
aside  the  very  doubtful  view  that  the  ascending  anlero  lateral  tract  ends  in 
the  bulb,  there  la  no  coutinuouB  aflerent  tract  in  the  lateral  column  en<ling 
in  the  btilb;  the  only  definite  continuous  afferent  tract  in  the  lateral  cdumn 
of  which  we  have  any  clear  kno\\*ledge,  namely,  the  cerebellar  tract,  ends 
not  in  the  bulb  but  in  the  cerobelhiiu.  An(i  if  we  attempt  to  get  <»ut  of 
th'>  difficulty  by  supposing  that  those  impulses  at  least  which  atfect  the 
vasom-ttor  centre,  after  travelling  (or  Hurue  distance  in  the  cerebellar  tract, 
leave  that  tract  tor  some  path  leading  to  ilie  bulb  (and  the  cerebellar  tract 
does  probably  give  off  as  well  as  receive  fibres  along  its  course),  we  practi- 
cally nilmit  that  the  experiment  does  not  prove  the  existence  of  a  continuous 
path. 

A  furtht^r  difficulty  is  raised  by  the  fact  that,  acc(»rding  to  the  interpreta- 
tion wfii<-h  we  are  discussing,  the  section  of  the  latenil  column  breaks  the 
paths  of  what  we  may  consider  two  kinds  of  irupuUea:  those,  the  largt^r 
number,  which  have  already  cr«»saed  from  one  side  of  the  cord  to  the  other, 
and  those  which  have  remained  on  the  same  side.  For,  as  we  have  already 
said,  we  have  evidence,  iu  man  at  least  and  some  other  animals,  that  afferent 
impulses  cross  completely  over  somewhere  or  other  on  their  path  before 
they  are  developed  into  full  sensations;  and  we  have  also  evidence,  though 
less  strong,  that  they  chjss  not  long  after  their  entrance  into  the  cord.  But, 
if  we  suppose  this  to  be  the  case  in  the  rabbit  als<i,  it  follows  that  in  the 
exjKriment  in  question  the  imoulses  which  were  blocked  on  their  paK^agc 
along  the  lateral  column  of  the  same  side,  whatever  the  way  by  which  they 
reached  that  lateral  column,  were  pursuing  a  path  ^yhich  would  eventually 
have  led  ihem  to  the  other  side  of  tlie  cord.  Hence  the  section  of  the 
lateral  column,  in  breaking  their  path,  broke  not  a  continuous  path  keeping 
to  the  lateral  <^)Uinit»  up  the  length  of  the  cord,  but  a  path  which  s(Min  left 
the  lateral  column  to  pass  elsewhere.  The  experiment,  therefore,  as  far  as  the 
impulses  passing  up  the  same  side  are  c<mcerned,  does  not  prove  that  they 
pursue  a  continuous  path  along  the  lateral  column  ;  and  if  so  what  becomes 
of  the  validity  of  the  experiment  as  regards  the  impulses  crossing  over  from 
the  other  side,  for  the  experiment  in  itself  makes  no  distinction  between 
the  two? 

We  may  add.  however,  that  though  the  point  has  not  been  specially  in- 
vestigated, it  is  possible  that  in  the  rabbit,  in  whose  hindlirabs  bilateral 
movements  are  so  predominant,  there  is  associated  with  the  movements  a 
bilateral  arrangement  for  sensations,  and  that  those  impulses  which  remain 
along  (he  same  side  of  the  cord  as  the  nerve  in  which  they  originate,  are 
carried  up  to  the  brain  without  any  crossing  at  all. 

S  683.  The  results  of  this  vasomotor  experiment  then,  though  they  are 
frequently  quoted,  do  not  when  closely  considered  afford  adequate  proof  that 
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impulsea  pursue  a  contiDuous  path  alnn^  the  lateral  columns  of  the 
o>r(],  and  more«>ver  the  facta  brought  Id  light  by  the  experiment  «how  but 
little  accord  with  the  anatoraica!  pro^rainme.  We  have  dwelt  on  it  so  long 
because  it  is  more  or  less  illustrative  of  the  many  difficulties  attending  the 
interpretation  of  experitnenla  of  this  kind;  and  it  is  in  this  respect  all  the 
more  valuable  because  the  actual  experimental  results  are  sharp  and  clear. 
We  may  pass  over  more  rapidly  the  numeraim  ex[>erimeiits  on  the  lower 
mammals,  such  as  rabbits  and  dog^,  in  which  other  indications  nf  senHattmi 
have  been  made  use  *>i\  chieH y  those  which  are  the  signs  of  painful  sensatiunB ; 
thefle  have  l>een  carried  out  in  various  regions  of  the  cord,  but  nhicHy  in  the 
ihonicio  region,  and  in  them  a  like  uncertainty  of  inlerpreliition  is  further 
increased  by  the  want  of  exactness  and  agreement  in  the  results. 

If  ire  content  ourselves  with  making  no  distinction  between  the  different 
kinds  uf  afferent  impulses,  and  in  the  case  of  these  animals  it  would  hardly 
be  pro(itahle  to  attempt  to  make  a  distinction,  we  may  say  that  the  several 
experiments  so  far  agree  that  they  point  to  the  lateral  columns  as  being  the 
chief  paths  of  afferent,  sensory  impulses,  or  to  speak  more  exactly,  to  the 
passage  of  these  impulses  bt^ing  enpenially  blocked  by  section  of  the  lareral 
eolumus.  Some  observers  find  that  in  the  dog  ami  <ither  lower  mammals  a 
section  of  the  lateral  column  on  (me  side,  or  at  least  a  hemisectiou  «)f  the 
cord,  produces  '*  loss  of  sensation  "  on  the  opposite  side,  greater  than  on 
the  same  bide,  or  confined  to  the  opposite  side,  and  even  accompanied 
by  an  exaltation  of  sensation,  a  hyiwriesthesia,  on  the  same  side.  Other 
observers  again,  and  these  certainly  com|>etent  observers,  find  that,  in 
the  dog.  section  of  one  side  effects  sensations  on  both  sides,  and,  indeed, 
chiefly  on  the  same  side.  We  may  perhaps  once  more  repeat  the  warning  how 
difficult  is  the  quantitative  and  qualitative  determination  of  sensations  in  such 
kh  animal  as  the  dog;  and  may  remark  that  in  all  these  cases  of  unilateral 
section  the  increased  blood-supply  due  to  failure  of  the  normal  vasu  con- 
strictor tone  must  influence  the  peripheral  development  of  sensf>ry  impulses. 

lu  these  experiments,  as  in  those  on  voluntary  movements,  it  is  most  im- 
portant to  distinguish  between  imme<liate  or  temporary  and  more  lasting 
effects;  and  observers  have  found  that  the  loss  of  sensation  following  a 
hemisectiou  of  the  conl,  like  the  loss  of  voluntary  movement,  is  temporary 
onlV;,  and  eventually  disappear*,  though  the  recovery  is  slower  and  less 
complete  than  is  the  case  with  movements.  As  with  voluntary  movement 
(jt  <)G4)  80  with  sensation,  recovery,  though  less  complete  than  that  of  move- 
ment, is  iK>ssible  when  a  hemisection  on  one  side  has  been  at  a  later  dat« 
followed  by  a  hemisection  on  the  other  side.  We  may.  therefore,  repeat 
in  reference  to  sensations  the  remarks  which  we  then  made  in  refer- 
ence to  movement ;  there  is,  however,  an  important  difference  between  the 
two  cases ;  in  respect  to  movement  we  have  evidence  that  under  normal 
conditions  the  pyramidal  tract  plays  an  important  part  and  that  any  other 
path  for  volitional  impulses  is  more  or  less  an  alternative  one,  whereas  in 
respect  to  sensation  we  have  no  anatomical  or  other  distinct  pro<^d*  of  any 
•uch  normal  path. 

The  experiments  on  monkeys  are  in  like  manner  neither  accordant  nor 
decisive;  and  even  in  these  animals  with  their  more  varied  signs  of  sensa- 
tions, the  interpretatitm  of  these  signs  is  beset  with  fallacies.  Some  ob- 
•enrera  have  found  that  a  hemisection  (in  the  thoracic  region)  produced  loss 
of  sensation  on  the  crossed  side,  accompanied  by  little  or  no  low  on  the 
ume  side  ;  other  obscrverH  agaiu  have  failed  to  obtain  after  a  hemisection 
Mtiafactory  proof  of  any  such  marked  loss  on  the  croase'l  side.  Further, 
large  portions  of  the  lateral  cf)lumu.  the  more  internal  parts  adjacent  to  the 
•gray  matter   l>eing   ]ei\,  have  been  remove<i  without  any  very  obvious  and 
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certainty  without  any  laating  defects  of  sensation  on  the  one  side  or  on  the 
other. 

§  684.  The  clinical  histories  of  diseases  of  the  spinal  cord  in  man  bring 
t(t  light  in  a  fairly  clear  manner  a  fact  of  some  importance,  namely,  that 
the  several  impulses  which  f«>rm  the  bases  of  the  several  kinds  of  sensations^ 
of  touch,  heat,  cohl,  and  piiin,  and  of  the  muscular  sense,  are  transmitted 
along  the  cord  in  dittei*ent  ways  and  presumably  by  different  structures. 
Fur  tlisease  may  impair  one  of  these  sensations  and  leave  the  others  intact. 
Thus  cases  of  spinal  disease  are  recorded,  in  which  on  one  aide  of  the  brtdy 
or  in  one  limb  onlinary  tactile  sensations  seemed  to  be  little  impaired,  and 
yet  sensations  of  pain  were  absent;  when  a  needle  was  thrust  into  the  akin 
no  pain  was  felt,  though  the  patient  was  aware  that  the  needle  had  been 
pressed  upon  the  skin  at  a  particular  spot;  and  conversely  in  other  caaes 
pain  huB  been  felt  upon  the  insertion  of  a  needle,  though  mere  contact  with 
or  pressure  on  the  skin  could  not  be  appreciated.  Again,  cases  are  recorded 
in  which  the  skin  was  sensitive  to  touch  or  pain,  but  not  to  variations  of 
temperature;  it  is  further  stated  that  cases  have  l)een  met  with  in  which 
cold  could  be  appreciated,  but  not  heat,  and  vice  versa  ;  and  there  are  «ome 
facta  which  point  to  sensations  of  pain  being  more  closely  associate*]  with 
those  of  heat,  and  tactile  sensalious  with  those  of  cold,  than  thoee  of  pain 
with  those  of  touch  or  those  of  heat  with  thitse  of  cold.  Cases  of  spinal 
disease  are  also  recorded  in  which  the  muscular  sense  appeared  to  be  aflecl^d 
apart  from  other  sensations.  We  shall  return  to  these  matters  later  on  ia 
dealing  with  the  senses;  we  refer  to  them  now  simply  a*  showing  that  dis- 
ease, limited  as  far  as  can  be  ascertained  to  the  spinal  cord,  may  affect  the 
several  senstittons  separately,  and  therefore  as  suggesting  that  the  several 
kindn  of  impulses,  forming  the  bases  of  the  severnl  kinds  of  sensations,  are 
traiitfuiilted  in  different  ways  and  follow  different  **  paths"  along  the  spinal 
cord. 

Clinical  histories  moreover  agree,  at  least  to  a  large  extent,  in  showing  that 
when  the  lesion  ia  coutincd  to  ouo-balf  of  the  conl,  the  sensations  affected  in 
the  parts  below  the  level  of  the  leaion  are  chiefly  or  even  exclusively  those 
of  the  crossed  side.  But  there  is  not  entire  accordance,  especially  as  to  the 
crossing  being  cnnipleie.  And  with  regard  to  the  muscular  sense  there  is  & 
distinct  contiict  of  opinion  ;  ihe  majority  of  cases  seem  to  show  that  in  uni- 
lateral disease  or  injury  to  ihe  cord,  the  muscular  sense  in  company  with 
the  voluntary  movements  fails  on  the  same  side;  but  cases  have  been 
recorded  in  which  the  muscular  sense  in  company  with  other  sensations 
seemed  to  be  affected  on  the  crossed  side;  it  must  be  remembered,  however, 
that  it  is  very  <lifficull  to  appreciate  a  deKciency  of  muscular  sen»e  mingled 
with  deticicncics  in  other  sensations,  and  we  should  (1  priori  expect  the  mus* 
cular  senile  to  run  parallel  with  motor  impulses. 

When,  however,  we  appeal  to  clinical  histories  or  iudicjitions  as  to  the 
several  path.^  within  the  spinal  cord  taken  by  these  several  impulses,  the 
answer  is  a  most  uncertain  one,  as  indeed  might  be  expected  from  the  too 
of)en  ilifl'ustt  character  of  the  lesions  of  disease;  and  it  is  perhaps  uot  too 
much  to  say  that  no  satisfactory  deductions  at  all  can  be  made. 

%}  685.  Whether  then  we  turn  to  exyjeriments  on  animals  or  to  the  stady 
of  disease,  the  teachings  with  regard  to  sensation,  in  contrast  to  thi>se  with 
regard  to  volunt4iry  movement,  are  in  the  highest  degree  uncertain  and 
olwcure,  A  few  general  reflections  will  perhaps  help  us  to  appreciate  the 
value  of  such  facts  a^  we  possess. 

We  have  seen  reason  to  think  that  in  every  movement,  whether  voluntary 
and  of  c<»rlical  origin,  or  involuntary  and  started  either  as  a  simple  spinal 
reflex  ur  through  the  working  of  some  part  or  other  of  the  brain,  the  motor 


impulses,  which  sweep  down  the  motor  Bbrea  to  the  muscles,  ijssue  mar- 
shalled and  coordiaated  from  the  gray  matter  of  the  cord  (f(»r  the  sake  of 
cicarnesfl  we  may  omit  the  craniul  nerves),  irom  what  we  have  ca]le<i  the 
m<'tor  mechanisms  of  the  cord.  Analogy  would  lead  us  to  suppose  that  the 
afferent  imnulHcs,  forming  the  bases  of  the  several  kiudtt  of  Bensations.  simi- 
larly left  the  uH'ereut  fibres  to  join  the  gray  matter  of  the  cord  in  what  we 
may  call  the  :ieusory  mechanism.  And  kucIi  anatomical  iea<iing  as  we 
poeseae  seems  to  support  this  view ;  with  the  exception  of  the  median  pos- 
terior tract,  to  which  we  will  return  immediately,  all  the  fibres  of  n  posterior 
root  beem  to  end  in  the  gray  matter  not  very  i'ur  fri>m  the  entrance  of 
the  n>oi.  We  have  seen  that  a  coordinate  reflex  niovt-tnent  may  be  carried 
out  by  at  leaiit  a  few  segments  id"  the  c<trd  ;  that  a  rellex  m<tveme»l  may 
be  started  bv  siimuli  of  various  kinds  and  therefore  presumably  by  afferent 
impulses  of  various  kinds;  and  that  impulses  forming  the  basis  of  the  raug- 
cular  sense  are  essential  to  the  coiirdinatiun  nf  the  movement.  All  our 
knowledge  goes  (o  show  that  iu  reflex  movement  carried  out  by  a  few  seg- 
ments of  the  cord,  the  whole  chain  of  events  between  the  arrival  of  the 
aHereut  impulses  iilong  the  nnstorior  rrH>L  and  the  issue  of  oflerent  impulses 
along  the  aalerior  root  may  be  carried  out  by  gray  matter,  and  gray  matter 
alone.  We  may  further  infl-r  that,  while  on  the  one  hand  the  same  pro- 
cedure might  obtain  not  through  a  few  segmentfl  only  but  along  the  whole 
length  of  the  cord,  there  would  be  an  advantage,  especially  in  respect  to 
the  rapidity  of  transmiBsian,  in  employing  Internuncial  tracts  of  fibres  be- 
tween the  several  s^menu^  the  advantage  being  greater  the  more  distant 
the  segments  which  have  to  work  together. 

We  might  further  suppose  that  it  would  be  of  advantiige  to  possess  some 
direct  path  between  the  cerebral  curLbx  and  the  spinal  sensory  mechanism 
immediately  connected  with  the  posi*^rior  root,  such  as  isi  afl^.irded  by  the 
pyramidal  tract  between  the  cortex  and  the  spinal  motor  mechanism  imme* 
diately  connected  with  the  anterior  root.  But  no  anatomical  evidence  of 
such  a  tract  is  furthcoming  ;  and,  as  we  have  before  remarkeil,  along  all  the 
tracts  which  seem  to  Iw  sensory  in  nature,  in  contrast  to  what  takes  place 
ID  the  motor  tracts,  relays  of  gray  matter  are  continually  being  interfMlated. 

The  me<lian  posterior  tract,  since  it  gathers  up  representatives  of  successive 
nerves,  presents  itself  as  the  nearest  approach  to  such  a  sensory  homologue 
of  the  pyramidial  tract,  though  it  ends  in  the  bulb  and  is  not  continued 
directly  ou  to  the  cortex.  And  possibly  it  does  play  a  somewhat  analogous 
part,  in  so  far  as  it  serves  as  a  sjiecial  connection  between  the  brain  and  the 
whole  series  of  spinal  nerves.  But  we  are  wholly  ignorant  as  to  what  it 
reidlv  does;  and  whatever  be  the  exact  nature  of  the  part  which  it  plays,  it 
probably  has  relations  not  to  one  kind  of  sensation  only,  but  to  all  the  differ- 
ent kiufis  of  sensation.  It  has  indeed  been  supposed  by  some  to  be  espe- 
cially a  tract  for  the  impulses  of  the  muscular  sense  ;  but  neither  experiment 
nor  Clinical  study  affords  adequate  proof  of  thi'^  view.  The  condition  known 
M  locomotor  ataxia,  the  salient  feature  of  which  is  loss  or  impairment  of 
muscular  sense,  is  associated  with  disease  of  the  posterior  root  and  of  ila 
entrance  into  the  cord,  not  with  disease  cuutiued  exclusively  to  the  median 
posterior  column.  Moreover,  the  tract  cannot  carry  all  the  impulses  of 
muscular  sense,  since  some  of  them  must  pass  at  once  into  the  gray  matter  to 
take  part  in  the  coordination  of  reflex  movements,  and  must  therefore  travel 
by  fibres  which  do  not  form  this  tract.  Similarly  is  there  uo  adequate  proof 
of  the  tract  being  au  exclusive  channel  for  tactile  or  for  juiiuful  sensjitioiis, 
*'  We  may  also,  perhaps,  urge  similar  considerations  with  regard  to  the  cere- 
bellar tract,  which,  though  starling  from  a  relay  of  gray  matter,  is  thence 
onward  to  the  cerebellum  a  continuous  tract.     This  tract  also  has  been  sup- 
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\Kt»ed  to  carry  impulses  of  a  particular  kind,  and  more  particularly  those  of] 
imii^cular  sense.  There  is  lo^s  a  priori  ohjei-tton  to  this  view,  since  the  tract  | 
starts  from  the  gray  matter,  where  the  impulses  of  must'ular  sense  may  have] 
alrtiatlv  done  their,  so  Ut  sjjeak,  local  work,  and  ends  in  the  cerebelium,  wbicha  1 
ns  we  liftve  seen,  seems  espe<'ially  connected  with  the  coordination  of  move*! 
ments.  But  with  resi^ect  to  this  tract  also  neither  experinient  nor  clinical] 
study  affords  any  clear  and  decisive  proof  that  it  is  solely  or  even  especially  j 
concerned  with  the  muscular  sense. 

With  regard  to  the  anten>-iateral  ascending  tract  our  knowledge  is  too 
imperfect  to  justify  us  in  supposing  that  it  is  the  special  or  exclusive  channel 
tor  any  one  kind  of  sensation,  or  indeed   in  drawing  any  conclusions  at  all  I 
concerning  it.  | 

But  when  we  subtract  from  the  white  matter  of  the  cord  these  coatinuoitf  ] 
tracls  of  ascending  degeneration  of  presumably  sen8t)ry  or  affert-ut  fuuctiiMi,  j 
and  the  continuous  tracts  of  descending  degeneration,  which  we  may  c^mfi-  ' 
dently  spetik  of  as  moler  or  at   least  ctierent,  there  are  left  only  the  tibree 
which  we  have  (|i  .jH2j  supposed  to  be  longitudinal  commiseural  or  inter- 
niincial   lihres  between  successive  segments.     We  are  tluis  driven  back  to  our 
former  coiiL-lusion,  that  sensory   impulses  puss  either  by   the  gray  matter 
lilonc,  or  by  a  seriea  of  steps  as  it  were,  by  relays  of  gray  matter  connected 
by  JQlernuncial   tracts  of  fibre?,  whc>se  length  we  cannot  ascertain,  but  whicli 
may  be  short.     That  such  internuncial  tracts  intervene  is  rendered  pmbaJ)te 
on  the  one  hand  by  the  fact  that  section  of  the  white  matter,  leaving  the 
gray  matter  untouched,  does  aSect  sensations,  and  on  the  other  hand  by  the 
fact  that  the  several   kinds  of  sensation  ajjpcar  lo  travel  along  the  cord  by 
separate  paths,  or  at  least  may  be  separately  bh>cketi.      It  is  of  course,  as  we  I 
have  already  urgetl,  possible  that  the  effect  of  a  section  of  a  tract  of  fibres  j 
may  not  be  the  mere  block  due  to  loss  of  continuity,  but  some  action  on  the 
gray  matter  with  whifh  the  fibres  are  connected,  whereby  that  gray  matter  ' 
fails  of  its  usual   ftmciions  and  ceases  to  carry  onward  the  sensory  impulses  j 
reaching  it  from  below  ;  it  is  also  possible  that  this  or  that  lesion  oi'  dttrease 
may,  directly  or  indirectly,  afltci  particular  parts  of  the  gray  matter  or 
affect  the  gray  matter  in  a  particular  way,  so  that  a  certain  kind  of  sensory 
impulse  and  none  other  i^:  blocked.     On  the  other  liHnd,  we  have  reason   to 
think  that  the  rate  at  wliich  impulses  travel  along  the  gray  matter  is  very 
slow  compared  with  that  along  nerve-libres  ;    and  in  the  struggle  tor  life 
rapidity  of  transmission  of  nervous  impulses  is  of  great  importance.     Hence 
the  view  that  the  internuncial  fibres  interveiie  has  more  to  commend  it;  it 
is  moreover  to  a  certain  extent  supported  by  clinical  histories.     But.  if  we 
accept  this  view,  we  must  at  the  same  time  admit  that,  in  iinimals  at   IcMt. 
the  lines  provided  by  the  internuncial  tracts  are  not  rigid,  that  within  liiniLs  i 
and  under  circumstances  slternative  routes  arc  possible. 

S  686.  We  may  here,  perhaps,  raise  once  more,  and  this  lime  more  point- 
e<lly  than  before,  the  doubt  whether  we  are  justified  in  assuming,  as  we  i 
generally  do  s^sume,  that  the  events  which  take  place  in  the  fibres  con- J 
necting  relays  of  gray  matter  witbin  the  central  nervous  system,  are  exactly  I 
the  same  as  (hose  which  take  place  in  the  fibres  of  nerves  outside  the  c«ninu  I 
system  during  the  passage  of  what  we  call  a  nervous  impulse.  Most  of  our  J 
knowleiige  oi  a  nervous  impulse  has  beeu  gained  by  the  study  of  the  motor  J 
nerve  of  a  muscle-nerve  preparation.  Our  knowledge  of  the  pnicessesi  in  af-  J 
ferent  nerves  is  much  more  imperfect ;  but  there  are  many  facts  which  at  least  ] 
suggest  that  the  molecular  events  constituting  an  afferent  impulse  along  an  I 
afferent  nerve  are  ditterent  from,  and  probably  more  complicated  than,  tho»e  ] 
constituting  an  efferent  im[mlse  ahmg  an  efferent  nerve.  And,  with  regard  I 
to  the  processes  taking  place  in  fibres  within  tbe  central  nervous  system,  ire 
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bardly  Kuy  exact  expi'riinental  knowledge  at  all.  It  has  been  luuin-fl 
ed  hy  many  ohservera  tliat  not  only  the  gruy  matter,  but  also  the  tractflfl 
of  white  matter  in  the  spinal  con!,  while  they  are  capable  of  conveying  im- 
pulses in  one  direction  or  the  otlier,  wre  in(Mpable  (»f  being  so  excited  by 
artificial  stimuli  as  to  generate  new  iinjyul^es.  These  observers  maintain  that 
when  muvenieuti)  or  signs  of  tfensalion  follow  the  direct  stimulation  of  various 
parts  nf  the  cord,  the  cfiectH  are  due  to  issuing  motor  fibres  or  entering  sen- 
sory fibres  having  been  stimnhited,  and  nut  to  a  stimulation  of  the  intrinsic 
ffubstancu  of  the  purls  themselves;  they  propone  accordingly  to  chU  these 
parts  "  kiuesf)dic  **  and  "  jvslhesodic  "  resi}ectively,  that  is  to  say,  serving  as 
pathis  f<ir  motor  or  sensory  impulses  without  being  themselves  either  motor 
or  sensory.  The  evidence  on  the  whole  goes  («  show  that  this  view  is  a  mis- 
taken one;  that  the  various  tracts  ul"  the  spinal  cord,  like  the  pyramidal 
tract,  and  indeed  other  |iarLs  oi'  the  biain,  are  excitable  toward  artificial 
stimuli.  The  tjucstiun  cannot,  however,  be  considered  as  definitely  cIo?e<i ; 
and  the  very  fact  that  it  has  been  niisetl  illustrates  the  point  on  which  we 
are  now  dwelling.  We  may  further  quote,  in  similar  illustration  of  the 
same  [>oint,  the  follmving  remarkable  fact  which  was  observed  in  the  series 
of  cxi>eriment5  referred  to  in  §  ()<U  on  the  eflects  of  repeated  hemisection  of 
the  spinal  cord  in  dogs:  The  animal  had  pariially  recovered  voluntary 
movements  in  his  hitid  limbs  after  a  third  hemir^ection  of  the  thoracic  cord, 
&nd  yet  when,  at  his  de^iih,  a  strong  tetani/ing  current  wa8  directed  through 
the  bulb  and  cervical  cord,  no  movements  of  the  hind-limbs  followed  ;  the 
impulses  started  hy  artificial  stimulati(m  could  not  pass  the  bridge  which 
sufficed  for  volitional  impulses  of  natural  origin.  It  is  not  too  much  to  say 
that  our  experittiental  knowle<lge  as  to  the  events  which  accompany  the 
activity  of  the  structures  within  the  central  nervous  system  is  almost  entirely 
litnited  t<>  the  recognition  of  the  "currents  of  action  "  referred  to  in  §  G58. 
We  are  already  going  beyond  our  tether  when  we  assume  on  the  strength  of 
this  that  the  processes  starteti  in  the  fibres  of  the  pvramidal  tract  by  artifi- 
cial Htimulation  are  in  alt  respecto  identical  with  those  started  in  the  fibres 
of  a  motor  nerve.  We  are  going  still  more  beyond  our  tether  when  we 
assume  that  the  processes  started  in  the  same  pyramidal  fibres  as  the  outcome 
of  natural  events  in  the  motor  cortex  are  of  the  same  kind.  But  these 
aesumntitfns  are  iriHes  compared  with  the  assumption  that  the  events  taking 
place  in  the  fibres  of  the  optic  radiation  passing  from  the  pulviuar  to  the 
occipital  cortex  are  identical  with  the  events  taking  place  in  the  fibres  of 
the  optic  tract  on  the  way  to  the  pulvinar.  or  that  the  events  travelling  along 
the  spinal  cord  to  the  brain  as  the  result  of  a  prick  of  the  little  finger  are 
identical  with  those  which  the  prick  h»»s  starteii  in  the  fibres  of  the  ulnar 
nerve-  Of  the  latter  events  we  know  a  little;  of  the  former  events  we  know 
next  t'l  nothing.  And  we  mav  here  ask  the  question.  What  is  the  meaning 
of  these  continual  relays  of  gray  matter  along  the  sensory  tmct^  unless  it  be 
that  at  each  relay  some  transformation,  some  further  elalxiration  of  the  im- 
pulses takes  place,  until  what  were  the  relatively,  but  only  relatively,  simple 
impulses  along  the  fibres  r»f  the  peripheral  nerve  are  by  successive  steps 
changed  in  the  complex  events  which  we  call  a  conscious  sensation?  This 
is  what  we  had  in  mind  when  we  gave  (§  053)  a  note  of  warning  c<jnoerning 
tbedanger  of  considering  all  the  events  in  the  central  nervous  system  as  either 
motor  or  sensory  in  nature.  It  is  perhaps  not  an  exaggeration  to  represent 
tbe  views  of  some  observers  as  if  they  supposed  that  afferent  impulses,  say 
tactile  impulses,  that  i^,  impulses  eventually  giving  rise  to  tactile  sensations, 
travelled  unchangtid  from  the  skin  to  the  cortex,  and  there  suddenly  hlos- 
toroed  into  sensations.  If  such  a  view  were  true,  undoubtedly  the  chief  task 
of  physiology,  almost  the  only  oDe,  would  be  to  ascertain  the  tract  along 
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which  these  impulses  passed.  But  if,  on  the  other  haud,  the  views  juat  now 
urge<l  have  any  real  i'oundatinn,  the  question  of  tracts  or  paths  sinks  into 
insigaificaDce  compared  with  the  almost  uriLouched  problems  as  to  what  are 
the  several  changes  by  which  Rinipte  impulses  are  developed  inci>  full  seiisa- 
tioDS,  and  when  aud  how  the  chauj^es  are  efl'ected. 

§  687.  Stxiing  how  uusatisfactory  is  <»ur  prescut  knowledge  with  regard  to 
the  tracts  or  paths  of  sensations  in  the  relatively  simple  spinal  cord,  it  would 
be  uaeletss  to  attemjit  any  diecussion  as  to  their  paths  in  the  much  more 
complex  brain.  If  it  be  prohabic  that  the  passage  is  eflected  by  relays  of 
gray  matter  in  the  ibrmer,,  the  same  method  is  much  more  probable  in  the 
Tatter;  and  if  neither  experiment  nor  clinical  study  throws  much  light  on 
the  path  up  to  the  bulb,  these  cannot  be  expected  to  give  much  help  in 
the  maze  of  gray  matter  and  (ihres  by  which  the  bulb  is  joined  to  the  c«)rtex. 
The  several  detinexi  areas  or  detections  of  gray  matter,  and  the  several 
strands  and  tracts  of  Hbres  which  we  briefly  de8cril>e<l  in  a  previous  section, 
must  have  of  course  a  meaning;  but  it  may  be  doubted  whether  we  have 
even  so  much  as  a  correct  glim|>8e  of  that  meaning  in  any  one  case,  if  we 
except  those  which  are  in  immediate  cimnection  with  the  cranial  nerves  and 
their  nuclei.  Seeing  that  the  thalamus  appears  on  the  one  hand  to  be  con- 
nected with  uU  or  nearly  all  parts  of  the  cortex,  and  on  the  other  hand  to 
serve  as  the  front  of  the  tegmental  system,  it  is  tempting  to  suppose  that  it 
plays  an  important  part  in  seoaations  pertaining  to  the  body  generully*  as 
part  of  it,  the  pulvinar,  certainly  dues  with  reference  to  the  special  sense  of 
sight ;  but  we  have  no  deci^^ive  indications  as  to  what  part  it  plays.  Aud 
the  part  which  it  plays,  whatever  that  may  be,  is  not  an  exclusively  senstiry 
one, since  both  experimental  and  mnrbid  le^ion:^  of  the  thalamus  are  apt  to 
produce  disorders  of  raoveraeut  as  well  as  other  efferent  effect*.  We  ought 
perhaps  to  say  the  parts  which  it  plays,  for  it  is  a  C4)mplex  body,  having 
many  ties  aud  probably  performing  many  duties. 

The  conspicuous  Hllet  again,  seeming  aa  it  does  to  be  a  special  internuncial 
tract  connecting  what  appear  to  be  more  particularly  afferent  or  sensory 
parts  of  the  bulb,  i<uch  as  the  gracile  and  cuneate  nuclei,  with  various  parts 
of  the  mitldle  brain  and  probably  with  the  cortex,  preseuta  itself  as  a 
probuble  path  of  sensations  of  one  kind  or  another  from  the  body  at  large, 
the  "  narrow  path  "  of  the  anatomical  programme  (§  681) ;  but  in  reference 
to  this  too,  beyond  its  probable  connection  with  the  auditory  sensations 
{§  C78)»  we  lack  evidence. 

A  conspicuous  part  of  the  brain,  namely  the  cerebellum,  naturally  arrests 
our  attention  on  account  of  its  large  connections  with  what  appear  to  be 
afferent  structures;  in  the  anatomical  programme,  we  called  it  "  the  broad 
path."  By  the  cerebellar  tract  it  has  an  uncrossed  grip  upon  what  is  practi- 
cally the  whole  length  of  the  spinal  cord  ;  by  the  other  constitueats  of  the 
inferior  peduncle  it  has  a  like  uncrossed  grip  upon  what  npjiear  to  be  afierent 
structures  in  the  bulb,  the  gracile  and  cuneate  nuclei,  us  well  as  on  the 
eighth  (vestibular)  nerve  and  probably  reoreseutatives  of  other  afferent 
cranial  nerves  ;  it  has  further  a  crossied  grip  through  the  gracile  and  cuneate 
nuclei  on  the  afferent  posterior  columns  of  the  whole  cord.  It  is.  of  coun»e. 
possible  that  the  cerebellar  tract,  though  in  itself  uncrossed,  lays  its  band. 
Dv  means  of  the  vesicular  cylinder  for  instance,  on  impulses  which  have 
already  crossed  from  the  posterior  roots  of  the  other  side  ;  for  as  we  have 
seen  the  evidence  as  a  whole  shows  that  sensory  impulses  do  cross  over;  but 
neither  has  the  crossing  of  the  impulses  been  definitely  proved,  nor  has  the 
path  of  the  crossing  been  clearly  demonstrated  ;  while,  on  the  contrary,  the 
fibres  of  the  auditory  nerve  which  pass  to  the  cerebellum,  aud  which  as  we 
have  suggested  (§  619),  may  be  compared  to  an  outlying  part  of  the  cere- 
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bellar  tract,  certaiuly  continue  iinrrot^eH  into  the  i>e4lucle  of  the  Aaine  aide. 
We  may  conclmk',  therefore,  that  the  ties  of  the  oerebellntn  with  the  pos- 
terior roolii  are  both  crossed  and  uucroswid.  And  we  may  regard  this  double 
grip  of  the  cerebellum  oa  the  cord,  this  grip  on  bMili  eiJes  of  it,  as  an 
additiouni  evidence  that  the  ties  (»f  the  cerewlluni  with  llie  spinal  i-ord  are 
not  merely  for  the  piirpfwto  of  serving  aa  the  chaDtiel  iinr  the  inipiilBCS  of 
muscular  sense,  but  are  the  means  by  which  the  cerebellum  transfnrms  or 
elaborates  sensory  impulses,  not  of  muscular  sen.«e  alone  or  chiefly,  hut 
probably  of  all  kinds,  in  order  thai  they  may  take  part  in  cerebral  opera- 
tions, of  which  the  co-ordination  of  bodily  moveuienta  may  be  one,  but 
probably  is  only  one  of  several  or  even  of  many. 


Some  other  Aspects  op  the  Functions  of  thk  Brain. 

$  6B8.  It  is  difficult  to  my  anything  deHnite  concerning  the  trftSBmianon 
of  sensory  impulses  and  the  development  of  aensatioiis;  it  is  Btitl  more 
difficult  t4)  say  anything  definite,  beyond  what  has  been  already  incidentally 
(*aid,  concerning  the  parts  played  in  the  work  of  the  brain  by  ihe  various 
aggregations  of  gray  nnitter  and  tracU  of  fibres  forming  the  middle  part  of 
the  brain.  Neither  experiment  nor  clinical  study  has  as  yet  afforded  any 
clear  or  sure  leading. 

To  what  has  already  been  said  about  the  cerebellum,  we  may  add  the 
following: 

Electrical  stimulation  of  the  surface  of  the  cerebellum,  in  the  monkey 
and  in  other  animals,  haji  led  to  movements  of  the  eyes»  and  of  other  parts 
of  the  head ;  but  we  cannot  from  such  results  draw  any  satisfactory  in- 
ferences. 

The  removal  of  various  parts  of  the  cerebellum,  especially  of  the  medium 
parts,  has  led  to  a  want  of  coiirdiuation  in  bo<lily  movements;  and  an  un- 
steady gait,  due  to  a  like  want  of  adequate  coordination,  is  a  frequent 
symptom  of  cereljellar  disease.  But  the  incoordination  which  makes  its 
appearance  immediately  afler  removal  of,  or  injury  to,  the  cerebellum  may 
eventually  disappear,  even  though  large  portions  have  been  removed  ;  and 
many  cases  of  extensive  cerebellar  disease  have  l»een  recorded  in  which  the 
most  perfect  codrdination  of  movements  was  retained.  Henre  the  results  of 
experimental  ami  clitiiral  study,  while  on  the  wholt*  supporting  the  conclu- 
sion that  the  <:cn^bellum  has  in  some  way  to  do  with  coordination,  throw 
little  or  no  light  on  the  exact  nature  of  the  part  which  the  organ  plays  in 
the  complex  pnjccHs,  but  perha|>s  rather  show  that  we  are  at  present  wholly 
ignorant  of  how  ctWirdination  is  brought  about. 

Many  hypotheses  have  been  put  forward  as  to  the  work  carried  out  by 
the  cerebellum,  btit  none  of  these  can  be  naid  to  have  an  adequate  basis. 
And,  indeed,  if  there  be  any  value  in  the  reflections  we  have  re[)eatedly 
made  in  previous  pages,  the  physiologist  ought  not  to  use  the  words  **  func- 
tions of  the  cerebellum.'*  Fmm  a  physiological  point  of  view  it  is,  so  to 
speak,  a  matter  of  accident,  that  various  structures,  the  seats  of  various 
pnvsiologit^al  processes,  have,  from  morphological  causes,  been  gathered 
together  into  the  IxmIv  which  anatomists  call  the  cerebellum.  The  task  of 
the  physiologist  is  to  unravel  the  ties  binding  theee  various  cerebellar  struc- 
tures with  other  parts  of  the  central  nervous  system,  and  so  with  various 
partA  of  the  body  at  large. 

We  must  content  ourselves  here  with  calling  attention  to  two  or  three 
broad  and  suggestive  facts  concerning  its  structure  and  connections. 

In  the  firet  place,  one  striking  (lici  about  the  cerebellum  is  the  very  large 

55 


86G 


THE    BHAIN, 


development  of  commiasural  (ibrea  coDnectiog  together  the  superficial  gray 
matter  of  the  two  hemispheres  for  the  greater  part  of  their  extent,  and 
passing,  not  only  through  the  pons  (|j  636)  as  part  of  the  middle  peduncle, 
but  also  through  the  median  vermis.  This  great  commissure  is  second  only 
to  the  great  callosal  commissure  of  the  cerebrum  ;  and  from  the  fact  thai 
luediuu  lesions  of  the  cerebellum,  those  which  do  most  damage  to  this  coia« 
niissure,  are  the  most  eHective  in  causing  incOrdinnlion  and  forced  raove*] 
ments.  we  may  infer  that  it  in  some  way  i>layB  an  important  part  in 
ordination. 

A  second  striking  fact  is  one  on  which  we  have  already  just  dwelt,  tl 
connection,  chiejiy  an  uncrossed  one.  through  the  inferior  peduncle,  with  th4 
atferent  structures  of  the  bulb  and  spinal  cord.  We  may  now  add,  that'' 
the  fibres  of  this  peduncle  passing  into  the  centre  of  the  white  matter  of 
the  cerebellar  hemisfihere  nf  the  same  side  encU»se  the  gray  matter  of  the 
nucleus  dentatus  and  appear  largely  to  end  in  that  body,  though  some  pass 
on  to  the  vermis. 

A  third  striking  fact  is  the  connectien,  this  being,  as  far  as  we  know, 
wholly  a  crossed  one,  through  llie  pons  and  pes,  with  the  cerebral  cortex,, 
both  of  the  extreme  frontal  region,  and  of  the  teniporo-occipital  region,  audi 
pa't-iihly  or  even  probably  with   more   scattered    cortical   elements   of  thfl^ 
parietal  (motor)  region.     This  connection  is  one  between  cortex  and  cortex, 
or  at  least  between  cerebral  ci^rtex  und  cerebellar  su[>erfi(;ial  gray  malterai 
for  the  (ibres  of  the  middle  peduncle  passing  from  the  gray  matter  of  tbftj 
pons  wbicli  survcs  as  u  relay  end  U\  the  surface  of  the  lateral  hemisphere  ot 
the  cerebellum.     The  frontal  cortical  fibres  passing  to  the  pea  have  a  d* 
Bcending  degeneration,  that   is   from  the  cortex  to  the  mms,  and  we  maj 
probably  assume  that  the  similar  temporo-occipital  fibres  similarly  decenerawj 
downward  to  the  pons  (§  fi33j.     From  this  it  has  been  inferred  that  ihigl 
cerebrocerebellnr  connection  carries  impulses  from  the  cerebral  c<:trtex  t(M 
the  cerebellum  ;  and  it  has  been  further  inferred  that  these  impulses  are  oF 
the  nature  of  motor   inipnlBes.      As  we  have  more  than  once  urged,  tbi 
character  of  degeneratiun,  that  is.  whether  *'  ascending  "  or  "  de&C€nding,' 
not  a  saljgfactory  proof  of  tlie  direction  taken  by  impulses;  but  it  is  per- 
haps of  m<>re  importance  tn  remember  that,  as  we  have  also  urged,  we  have 
no   right  to  assume  that  the  im[)uUes  passing  along   such  a  tract  as    thei 
one  in  question  must  be  either  sensory  or  motor,  or  indeed  that  such  a  tract' 
serves  as  an  instrument  for  producing  eflecls  in  one  direction  only. 

That  during  life-  the  librcs  of  which  we  are  speaking  t^erve  as  ati  important 
chain  by  which  cerebral  cortex  and  cerebellum  affect  the  <me  the  other,  tbei 
can  be  but  little  Houbt;  but  we  are  wholly  in  the  dark  as  to  what  really' 
takes  place  alon^:  the  fibres.  We  have  seen  (§  594)  reason  to  think  thai  the 
brain  may  and  does  exert  an  inhibitory  in6uence  over  the  spinal  cord  ;  and 
the  mechanical  certainty  with  which  an  animal  deprived  of  ita  cerebri 
hemispheres  responrls  to  stimuli,  in  contrast  to  the  uncertainty  attending  the 
result  of  stimuli  applied  to  an  intact  auimal,aa  well  as  all  the  ex|)erience  of 
our  own  daily  life,  shows  that  the  cerebral  cortex  can  work  in  an  inhibitory 
manner  on  other  parts  of  the  brain;  the  remarkable  *' forced  movementa 
on  which  we  dwelt  in  a  previous  section  seem  in  some  instances  to  be  the 
result  of  the  abrupt  snap  of  some  inhibitory  bond.  Conversely  all  the  ex- 
perience of  our  daily  life,  many  of  the  phenomena  of  the  condition  known^ 
as  hy[motisni  and  of  allied  conditions,  as  well  as  various  experimental  re- 
sults such  as  that  ipiotC'<l  iu  !^  062,  where  a  sensory  impulse  seems  to  Inhibit 
tlie  activity  of  u  motor  area,  show  that  the  cortex  mav  itself  in  turn  be  in- 
hibited by  other  parts  of  the  central  nervous  system,  but  we  have  at  present 
DO  satisfactory  indications  as  to  the  paths  of  inhibitory  impulses  or  as  to  how 
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inhiliitiou  is  brought  abrmt ;  norhftve  we  any  proof  tbat  the  ferebro-cerebellar 
tract  18  an  iiihibhorv  one  in  either  direction. 

We  mny  arlrl  that  some  of  the  iibrca  of  the  middle  ivpdnncle  ap|>ear  to  be 
neither  commisjiiira]  nor  counectetl  with  the  cortical  Hbres  iu  the  pes,  bnt  to 
end  in  other  ways;  and  tracts  have  been  described  a^  continuing  onward, 
some  of  the  (Cerebellar  fihreii  of  the  middle  |>ed uncle  on  the  one  hand  upward 
Cowanl  the  cerebrum,  and  on  the  other  hand  downward  toward  the  spinal 
coni.     It  hiu  been  further  urged  that  these  tracts  are  efferent  in  fuDcti<in. 

Lastly,  we  may  call  attention  to  the  superior  peduncles.  The^c,  which  as 
we  have  seen  appear  to  come  largeJy  from  the  gray  matter  of  the  nucleus 
dentatus  and  to  end  in  the  t^pmentuni,  largely  in  the  red  nucleu.«,  may  be 
regarded  as  constiluting  thnHi«;h  the  relay  of  the  front  part  of  the  tegmentum 
another  lie,  presumably  of  a  dlHerent  nature  from  the  foregoing,  between  the 
cerebelluni  and  the  cortex  ;  indee<l  it  used  to  be  called  the  processus  a  cere- 
bello  Btl  cerebrum.  It  is  an  obviously  crossed  tract  (Fig.  191,  SF) ;  it  con- 
nects one  nucleus  dentatus.  and  so  presumably  by  tbat  relay  the  fibres  of  the 
inferior  peduncle  ending  in  that  body,  and  perhaps  other  fibres  proceeding 
from  the  superficial  gray  matter  of  one  side  of  the  cerebeilnm,  with  the  red 
nucleus  and  other  parts  of  the  tegmentum  of  the  crossed  side,  and  thus  with 
the  cortex  of  the  cro88e<l  side.  It  has  been  supposed  that  the  direction  of 
impulses  passing  along  it  is  from  the  cerebrum  t4)  tbe  cerebellum,  but  we 
have  no  clear  proof  of  this;  indeed,  as  to  what  it  does,  we  bave  no  satis- 
facl*)ry  evidence  either  ex(»erimental  or  clinical. 

We  may  here  incidentally  remark  that,  in  con8e<iuence  of  afferent  tracts 
being  traced  to  or  towanl  the  tegmentum  and  uf  the  ahar|>  contrast  pre- 
sented between  the  tegnienlnm  and  the  conspicuously  motor  pyramidal  tract 
in  the  pes,  Ibe  view  has  gained  gniund  that  the  tegmentum  is  essentially  a 
sensory  structure.  Rut  there  diM.*?*  not  appear  to  Iw  ade(piale  evidence  either 
clinical  or  exi>eriment4il  for  such  a  conclusion.  The  thalamus,  which  we 
have  regarded  as  the  fmnt  so  to  speak  of  the  tegmentum,  cannot,  as  we  have 
already  urged  (§  687),  be  considered  exclusively  or  especially  sensory.  And 
many  of  the  ties  of  the  tegmentum,  such  as  the  fibres  from  the  corpora  striata 
ending  in  the  substantia  nigra,  for  this  may  be  considered  as  properly  belong- 
ing to  the  tegmentum,  are  of  the  kind  whicb  we  may  suppose  to  be  efferent 
or  motor.  Indeed  we  may  probably  regard  tbe  whole  tegmentum  as  being 
broiully  the  analogue  in  the  forward  segments  of  the  cerebro-spiual  axis  of 
both  tbe  anterior  and  f)osterior  gray  matter  of  the  sjiinal  segments  behind. 

Though  we  are  thus  in  the  dark  concerning  what  goes  on  in  the  cerel>ellum, 
it  may  be  worth  while  to  call  attention  once  more  to  the  remarkable  char- 
acters of  tbe  su{)erticial  gray  matter  (§t>49).  The  many  points  of  rcscm- 
blaoce  between  it  and  the  cerebral  cortex  irannot  but  suggest  that  the  pro- 
ccasea  taking  place  in  it  bave  some  analogies  with  cortical  events.  And  it  is 
at  least  a  fact  of  i^ome  significancG  that  congenital  deficiency,  or  atrophy  of 
the  cerebral  hemitjphere  of  one  side,  ia  fre(|uently  accompanied  by  a  corre- 
sponding deliciency  of  the  crossed  cerebellar  hemisphere. 

S  689.  Both  the  anterior  and  posterior  corptjra  qnadrigeraina  are  complex 
in  structure ;  not  only  do  they  differ  fn>m  each  other,  but  also  in  each  tbe 
gray  matter  differn  in  different  parts,  both  as  to  its  nature  and  appearance 
and  as  to  its  connections  with  tracts  of  fibres.  If  we  have  little  right  to 
speak  of  the  **  functions  of  the  cerebellum,"  we  have  even  leas  right  to  speak 
of  the  "  functions  of  the  corpora  quatlrigemina  "  or  of  either  pair  of  them. 
The  anterior  pair,  as  we  have  seen,  has  to  do  in  some  way  with  vision  ;  but 
we  have  reason  l/»  think  that  a  part  only  of  the  whole  body  is  thus  concerned  ; 
and  there  is  some  foundation  for  tbe  view  that  of  this  part,  one  portion 
belongs,  so  to  speak,  to  the  optic  tract,  and  another  portion  to  the  cortical 
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fibres  of  the  optic  radiation.     Ptjssibly  still  another  part  is  concerned  ii 
bringing,  us  we  liave  (!i  674)  suggested,  visual  impulses  to  bear  on  the 
ordination  of  movemeDtfl. 

Stimulation  of  the  surface  of  the  posterior  pair,  besides  giving  riae  ta^ 
muveiuentd  of  various  parta  of  the  body,  has  in  monkeys  and  some  othei 
animals,  the  singular  effect  of  producing  a  vocal  utterance  in  the  form  of 
cry  or  bark.  But  we  cannot  make  much  use  of  these  results  for  the  poi 
pose  of  drawing  conclusions  as  to  what  share  these  bodies  take  in  the  wholej 
work  of  the  brain.  In  the  frog,  the  uptic  lobes  correspond  to  the  two 
of  cropora  tjuadrigemina  together ;  and  the  cry  just  mentioned  may  perha] 
be  put  side  by  side  with  the  fiict  that  in  the  frog  the  optic  lobes  seem  tal 
furnish  a  mechanism  for  cnmking;  when  the  optic  iohes  are  destroyed, 
reHex  croaking  mentioned  in  ij  f).'i9  is  done  away  with.  The  probable  amm 
tion  of  (he  posterior  corpora  quadrigemina  with  hearing  is  also  inter^f^ting  in 
this  couiiecLiuii ;  but  we  have  uo  satisfactory  evidence  of  any  special  tiea 
between  the  bodies  in  question  and  either  the  cortical  area  for  phouation  or 
the  vocal  mechanism  in  general ;  the  occurrence  of  the  cry  remains  so  far  an 
isolated  fact. 

In  frogs,  in  which  the  cerebellum  is  very  small,  the  optic  tobea  seem  to  be 
particularly  concerned  in  the  coordination  of  movements.  When  the  brain 
is  removed  by  means  of  a  section  behind  the  optic  lobes  the  animal  loses  the 
power  of  balancing  itself  (§  B:i9),  which  it  possesses  when  the  section  passes 
in  frni^t  of  the  optic  lobes  ;  and  injury  to  the  optic  lobes  produces  incoordina- 
liun  uf  niuvemeut  and  often  "  forced  movements."  It  has  been  maintained 
that  the  loss  of  coordination  ia  in  these  cases  due  to  removal  of  or  injury  to 
the  central  gray  matter  in  the  walls  of  the  third  ventricle,  and  not  X-o 
mere  removal  of  or  injury  to  the  optic  lobes;  but  the  whole  evidence  go« 
to  show  that  in  the  frog  and  in  the  bird  the  optic  lobes  do  play  a  part  in  the 
coordination  of  movement,  though  lesions  of  the  central  gray  matter  around 
the  third  ventricle,  or  indeed  of  the  thalamus  or  other  parts  of  the  teg- 
mentum, may  give  rise  to  loss  of  coordination  or  to  '*  forced  movements.'* 

In  the  mammal  removal  of  or  injury  to  the  posterior  curf)ora  quadri- 
gemina does  not  cause  blindness,  hut  may,  like  a  lesicm  of  the  anterior  pair, 
give  rise  to  loss  of  coordination  or  to  forced  movements;  the  effect,  however, 
is  in  most  instances  very  tem{)orary.  The  connection  of  the  anterior  pair 
with  vision  suggests  a  clew  as  to  how  this  pair  takes  part  in  coordination  ; 
but  as  to  how  the  posterior  pair  could  intervene  in  the  matter  we  have  hardly 
so  much  a^  a  hint;  for,  even  if  we  admit  a  connection  between  them  and 
the  sense  of  hearing,  and,  remembering  that  a  loud  sound  will  often  cause  a 
person  to  reel,  further  admit  that  purely  auditory  impulses,  as  distinct  from 
what  we  have  calleil  anipnllar  impulses,  may  take  part  in  the  general  co- 
ordination of  bodily  movements  and  in  the  maintenance  of  equilibrium,  as 
they  certainly  do  in  the  special  coordination  of  laryngeal  movements,  still 
we  are  not  much  nearer  an  understanding  of  the  matter.  We  may  add  that 
section  of  the  lateral  fillet,  which  appears  as  a  conspicuous  tie  between  the 
posterior  corpora  ([uadrigemina  and  the  parts  of  the  nervous  system  behind 
them,  does  not  appear  to  have  any  marked  effect  in  producing  incoiirdination. 

In  line,  beyond  the  broad  facta  on  which  we  dwelt  in  a  previous  section^ 
namely,  that  we  maint4iin  our  equilibrium  and  carry  out  complex  muvementa 
involving  often  several  parts  of  our  l>ody,  through  what  we  (»11  eoiirdination, 
that  atferent  impultH^s  supply  important  factors  of  this  coordination,  and 
that  the  cerebellum,  through  the  vestibular  nerves  in  part  at  all  events, 
together  with  otlier  portions  of  the  middle  brain,  arc  in  some  way  its  chief 
instruments,  we  as  yet  know  very  little.  We  have  certainly  no  ad«quat« 
knowle<lge  as  to  how  either  pair  of  c^jrpora  quadrigemina  exactly  intervene 
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in  the  matter,  or,  indeed,  as  to  what  other  parts  they  play  in  the  general 
work  of  ihe  brain. 

With  regard  to  other  tracts  of  fibres  or  areiis  of  gray  matter  we  have 
nothing  to  eay,  except  as  re^;arda  thofte  which  are  more  or  less  itiinie*iiately 
connected  with  certain  of  the  cranial  nerves,  such  for  instance  as  the  nervea 
for  tnovetuents  of  the  eyes,  and  the^  it  will  be  best  to  consider  when  we  have 
to  Heal  with  the  nerves  themselves. 

li  690.  Besides  the  somntic  functione  which  in  previous  discussions  we  have 
chietlv  had  in  view,  the  brain  a8  a  whole  undoubtedly  carries  out  splanclinio 
functions;  concerning  these,  however,  we  muat  be  very  brief. 

Of  the  respiratory  and  vasomotor  functiona  of  the  bulb  we  have  already 
treated  in  their  appropriate  places,  and  we  have  referred  (§  o'>())  to  the 
experimental  evidence  that  a  lesion  of  the  corpus  striatum,  or  of  the  front 
part  of  the  optic  thalamus  has  a  remarkable  influeuee  on  the  development 
of  heal  in  the  body-  We  have  further  seen  that  the  higher  parts  of  the 
brain,  acting  through  the  bulb,  exercifte  powerful  inrtuences  on  respiration, 
on  the  variomi»t«>r  system,  and  on  the  biiat  of  the  heart.  Daily  ex[>erience 
affords  abundant  instances  of  actions  such  as  these,  as  well  as  of  the  inlluence 
of  the  brain  on  other  organic  functions.  We  can  bring  our  will  to  bear  on 
the  mechanifim  uf  mioturitinn  ( |^  4>n)  which  is  almost  whidly,  and  on  the 
mechanism  of  defecation  (§276)  which  is  largely  splancbuic  in  nature. 
Tlie«4e  movements,  however,  are  not  skilled  movements;  and  as  we  explained 
in  dealing  with  them,  the  action  of  the  brain  as  regard:?  them  seems  limited 
to  augmenting  or  inhibiting  die  activity  of  spinal  centres.  We  should,  there- 
fore, hardly  ex|>ect  thera  to  be  specially  represented  in  the  cortical  motor 
region.  But  emotions  have  a  much  wider  and  more  powerful  influence  over 
the  splanchnic  functions  than  has  the  will,  and  have  the  power  t>f  affecting 
the  work  of  certain  organs,  for  instance  the  heart  and  secreting  glands,  which 
the  will  is  unable  to  touch.  And  /nice  we  have  every  reason  to  believe  that 
the  cortex  is  closely  associated  with  the  emotions,  we  may  naturally  infer 
that  elements  of  the  cortex  supply  a  link  in  the  chain  through  which  an 
emotion  inllueu(!es  this  or  that  splanchnic  activity;  we  may,  accordingly, 
exp»ect  Ut  hud  that  stimulation  of  some  part  or  other  of  the  cortex  produces 
splanchnic  etfects.  The  results  of  experimental  investigatiou,  however,  are 
both  scanty  and  discordant;  but  the  greater  weight  should  perhaps  bo 
attached  t>  the  positive  results.  Thus,  some  ol)servers  Hnd  that  stimulation 
o{  the  cortex,  the  locality  being  in  the  dog  some  part  of  the  sigmoid  gyrus, 
produces  movements  of  the  hladiler;  and  they  trace  the  [mth  of  this  influence 
through  the  front  part  of  the  thalamus  and  the  tegmentum  to  the  bulb  and 
so  to  the  cord,  excluding  the  cerebellum,  which  other  observers  believed  to 
be  concerned  in  the  matter.  Some  observers  again  find  that  stimulation  ot 
the  cortex  produces  a  How  of  "chorda  saliva,"  while  others  maintain  that 
the  secretion,  when  it  does  occur,  is  an  indirect  and  not  a  direct  effect  of  the 
cortical  stimulation;  and  it  may  be  remarked  that  the  cortical  area,  which 
is  claimed  to  be  a  "salivation  area,"  lying  tn  the  dog  on  the  convolutions 
dorsal  to  and  in  front  of  the  .Sylvian  tissure,  is  not  either  the  area  connected 
with  the  facial  nerve,  or  that  allotted  to  taste  or  smell. 

Similarly,  stinuilation  of  parts  of  the  cortex  has  in  the  hands  of  various 
observers  led  t'>  movements  or  to  arrest  of  movements  of  the  intestines,  to 
changes  in  the  beat  of  the  heart,  and  to  various  vasomotor  and  other  effects ; 
but  it  will  not  be  profitable  to  enter  into  any  further  details.  We  may, 
however,  ad<l  the  remark  that  when  the  cortical  motor  area  for  a  limb  is 
remove<l,or  suffers  a  lesion,  the  temporary  paralysis  which  is  thereby  caused 
is  accompanied  by  a  rise  of  temperature  in  the  limb:  this  may  be  at  times 
rery  great  indeed;  in   the  monkey,  for  instance,  the  band  or  foot  on  the 
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paralyzed  side  mav  be  as  much  aa  lO**  C.  higher  than  that  of  the  other  side. 
The  effect  ia  partly  due  to  vnsoraotor  purnlysis,  but,  esix^ciully  considenug 
Uiat  the  muscles  of  the  limb  are  relatively  quiescent  ana  so  producing  less 
heat  than  usual,  cannot  he  due  to  thut  alnne.  The  remarkable  result  may 
be  taken  as  still  further  ilUiBtrating  the  complexity  of  the  proce«se8  connected 
with  tlie  cortical  motor  urea;  the  area  in  in  eouie  way  associated  with  the 
vascular  arrangements  and  nutrition  of  the  musclee  with  whojie  juovementa. 
it  is  concerned. 

^  691.  There  remain  yet  a  few  words  to  be  said  about  the  cortex.  We 
regard,  and  justly  so,  the  spontaneous  intrinsic  activity  of  the  brain  as  the 
most  striking  feature  of  iU  life.  The  nearest  approach  to  it  which  we  find 
elsewhere  in  the  body,  is  perhajits  the  rhythmic  beat  of  the  heart.  The 
analogy  between  the  "  regular  automatism  "  of  the  oue«  and  the  "  irregular 
automatism"  of  the  other  is  a  striking  one;  and  indeed  our  knowledge  of 
the  relatively  simple  spontaneity  of  the  heart  has  probably  influenced  to  a 
large  extent  our  concej)tion8  of  the  complex  8pontaneity  (»f  the  brain.  In 
the  heart  the  rhythmic  discharge  of  energy  is  chiefly  determined  by  in- 
trinsic chemical  changes,  by  the  metabolism  of  the  cardiac  substance;  the 
influence  of  external  circumstances,  apart  from  those  which  provide  an 
adequate  supply  of  proper  blood,  is  wholly  subsidiary  and  serves  only  to 
raise  or  to  lower  the  intrinsic  changes  from  time  to  time,  as  occasion  may 
demand.  And  the  analogy  of  the  heart  has  perhajis  led  us  to  exaggerate 
the  part  played  in  the  bniin  by  the  like  intrinsic  chemical  metabolism. 
(We  are  here,  of  course,  viewing  the  action  of  the  brain  from  the  onlv 
standpoint  admissible  in  these  pages,  the  purely  physiological  one;  but  such 
a  mode  of  treatment  does  not  prejudge  other  points  of  view.)  Home  writerB 
use  expresfiions  which  seem  to  imply  the  conception  that  the  nervous 
changes  forming  the  basis  of  the  paychieal  and  other  processes  of  the  brain 
are  chiefly  the  direct  outcome  of  the  chemical  metabolism  of  the  gray 
matter  and  especially  of  the  nerve-cells.  They  speak  of  *'  the  discbarge  of 
energy"  from  these  cells  in  the  same  way  that  we  can  speak  of  the  dis- 
charge of  energy  from  a  caniiac  fibre.  But,  to  say  nothing  of  the  low  rate 
of  nervous  metabolism  as  measured  in  terras  of  chemical  euerg)',  we  have 
no  experimental  or  other  cvitlcuce  of  nervous  sulwtance  in  any  part  of  the 
body  being,  like  the  cardiac  substance,  the  seat  of  an  important  metabolism 
carried  on  irreajwctive  of  influences  other  tlian  purely  nutritive  ones.  In 
the  case  of  nerve-cells  interpolated  along  nerves  composed  of  fibres  of  the 
same  kind,  as  in  the  s(K)radic  ganglia,  all  the  iostance!<  where  the  uerve-ceLla 
were  supposed  to  initiate  active  processes  have,  on  examination,  broken 
down;  as  we  have  seen,  the  ganglia  of  the  heart  do  not  supply  the  moving 
cause  of  the  heart  beat.  It  is  only  in  the  central  nervous  system  where 
nerve-cells,  as  part  of  gray  matter,  are  found  at  the  meeting  of  nerve-6bres 
of  different  kinds,  that  we  have  any  evidence  of  ''discharge  of  energy" 
from  the  cells. 

As  we  pointed  out  (§  598)  In  speaking  of  the  spinal  cord,  the  discharge 
of  efferent  impulses  from  the  central  nervous  system,  though  it  undoubt- 
edly must  have  a  certain  chemical  basis,  namely,  the  metabolism  of  the 
nervous  substance,  is,  in  the  flret  line,  dependent  ou  the  advent  of  afferent 
impulses.  But  this,  if  true  of  the  spinal  cord,  is  still  more  true  of  the 
brain,  which  receives  or  may  re<^ive  not  only  all  the  impulses  which  reach 
it  through  the  cord,  but  e.s])ecially  potent  and  varied  impulses  directlv 
through  the  cranial  nerves.  All  life  long  the  never-ceasing  changes  of  the 
external  world  continually  break  as  waves  on  the  peripheral  endings  of  the 
afferent  nerves,  all  life-long  nervous  impulses,  now  more  now  fewer,  are  con- 
tinually sweeping  inward  toward  the  centre;  and  the  nervous  metabolism. 
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which  U  the  basis  of  nervous  action,  must  be  at  least  as  largely  dependent  on 
thetie  inHueiices  from  without,  as  un  the  uiere  chemical  supply  furaished  by 
the  blood. 

We  have  developed  this  point  because  of  the  influence  it  must  have  on 
our  conceptions  of  the  physiological  proceaaes  taking  place  in  the  cortex. 
If  we  accept  the  view  just  laid  down,  we  must  regard  the  supereminent 
activity  of  the  cortex  ami  the  characten*  of  the  processes  taking  place  in  it 
as  due  not  w>  much  to  the  intrinsic  chemical  nature  of  the  norvoup  substance 
which  is  built  up  into  the  cortical  gray  matter  as  to  the  fact  that  impulses 
are  oontinuany  streaming  into  it  from  alt  parts  of  the  body,  that  almost  ail 
influences  brought  to  bear  un  the  body  muke  themselves  felt  by  it.  Tu  put 
the  matter  in  a  bald  way  we  may  nAk  the  (juestion,  What  would  ha]>f>eii  iu 
the  cortex  if,  its  ordinary  nutrilivt^  supply  remaining  as  before,  it  were  cut 
adrifl  from  afferent  impulses  ui'  nil  kitids  ?  We  can  hardly  doubt  but  ibnt 
volitional  and  other  phvi^icat  procc£>si's  would  soon  come  to  a  standstill  and 
consciousne^  vanish.  This  is,  iiideeil,  roughly  iudicated  by  the  remarkable 
case  of  a  patient,  whose  almost  ouly  cumiuouicatiun  with  the  external  world 
was  by  means  of  one  eye,  he  being  blind  of  the  other  eye,  deaf  of  both  ears, 
and  suffering  from  general  aniesthesia.  Whenever  the  sound  eye  wasrlosed» 
be  went  to  sleep.  It  is  further  indirectly  illustrated  by  the  following  ex- 
perimental result.  We  have  seen  (§  Boo)  that  a  vertical  incision  carried 
through  the  depth  of  the  gray  matter  around  an  area  iloes  not  prevent 
stimulation  of  the  fiurface  of  the  area  pnvlucing  the  usual  movementa. 
But  afler  such  an  incision  the  animal  suffers  a  paralysis  of  the  movements 
connected  with  the  area,  like  that  resulting  from  the  removal  of  the  gray 
matter  of  the  area;  and  the  o|>eration  is  said  to  be  followed  by  degenera- 
tive changes  in  the  area,  and  degeneration  of  the  pyramidal  fibres  starting 
from  it.  8ome  of  this  effect  may  l>e  due  to  nutritive  changes  brought  about 
by  injjry  to  the  pia  mater  and  <livision  of  hloodvesselts;  but  it  cannot  be 
wholly  accounted  for  in  this  way ;  it  appears  as  if  the  life  of  the  area  U 
curtailed  when  its  nervous  ties  are  broken. 

We  may  conclude  then  that  we  are  not  justified  in  speaking  of  coo- 
sciuusness  or  volition,  or  other  psychical  processes,  even  admitting  thai  these 
fail  when  the  c^irtex  is  removed,  as  being  functions  of  the  cortex  in  the  same 
way  that  we  speak  of  the  functions  of  other  organs;  they  arc  rather  func- 
tions of  the  connections  of  the  cortex  with  the  other  parts  of  the  central 
nervous  system. 

We  should  add  that  they  are  also  functions  of  the  connections  of  the 
several  parts  of  the  cortex  with  each  other.  All  our  knowledge  goes  to 
show  that  psychical  processes  are  dependent  on,  or  are  in  some  way  asso- 
ciated with  the  cortex;  but  whatever classiticatton  of  psychical  functions 
we  adopt,  we  are  wholly  unable  to  make  out  any  localization  of  functions, 
such  as  we  can  make  out  for  movements,  visual  sensations  and  the  like. 
Even  taking  the  broad  and  elementary  division  into  "  the  emotions,"  and 
*•  the  intellect,"  we  cannot  satisfactorily  allot  either  division  to  any  particu- 
lar part  of  the  hemi.-*phere.  in  dogs,  removal  of  particular  parts  of  the 
hemispheres  has  indeed  been  observed  to  change  the  character  of  the  ani- 
mal, c<mverting  for  instance  a  vicious,  mon»se  dog  into  a  mild  and  inoffen- 
sive one  ;  and  removal  of  the  front  parts  of  the  neminphere  seems  to  have 
frequently  a  marked  effect  in  rendering  the  animal  more  imprcasionable  and 
excitable;  be  becomes  much  more  demonstrative  and  **  gashing"  in  his 
behavior  than  before.  But  these  are  mere  hints,  and  the  clinical  histories 
of  disease  in  man  do  not  enable  us  to  say  much  more.  Such  knowledge  as 
we  do  possess  rather  tends  to  show  that  the  psychical  processes  in  proportion 
fts  they  become  more  complex  involve  a  greater  number  of  nervous  factors. 
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and,  therefore,  have  for  their  material  basis  a  greater  width  of  nervous 
or  in   other  word.s  tlieir  localization  becomes  less  defiaite.     Tbue  while 
may  localize  the  beginning  of  a  ])aychicai  pnx-ess^  a  visual    sent^titiu  foi 
iDstanco,  and  one  of  its  terminal  acts  such  as  the  issue  of  impulses  along] 
the  pyramidal  tratrt,  we  cannot  put  our  finger  on  the  seat  of  ihe  inlermi 
diate  Iransaclious.     These  even  in   the  simplest  proce^  must  be  complex, 
and  must  involve  raaay  factors.     Our  simplest  conceptions  of  the  external] 
world  are  ba^d  on  a  combination  of  visual  sensations  and  tactile  sensations., 
It  being  granted  that  the  visual  sensation,  in  one  phase  of  its  development,] 
is  connected  with  certain  tihangea  in  some  spot  of  the  occipital  cortex,  thei 
must  be  some  tie  between  this  and  the  corresponding  nervous  seat  of  thi 
taelile  sensatitm  wherever  that  may  be,  and  further  ties  between  thetie  and] 
other  i)artfl  of  the  cortex.     Hence,  as  we  said,  the  psychical  process  is  &; 
function  of  connections. 

Many  of  these  ties  are  most  probably  furnished  by  the  association  fibres 
passing  from  one  part  of  the  cortex  to  a  neighboring  part.     We  must  also 
prubably  udiuit  that  impulses  or  to  use  a  more  general  word,  proceseea,  may 
travel   laterally  along  the  tangte  of  the  cortical  gray  matter,  for  this,  like] 
the  gray  matter  of  the  spinal  cord,  seems  to  form  a  physiological  continuity, 
no  more  broken  by  the  fissures  than  is  the  cord  by  iu  segmental  arrange>*| 
ment ;  and  we  know  nothing  &s  to  the  limits  which  must  be  placed  on  th< 
distance  to  which  such   processes  may  travel   from   their  focus  of  origin. 
Further,  seeing  how  cf>mplelely  in  the  dark  we  are  as  to  the  reason  why  we 
po8J«es8  two  hemispheres,  and  especially  seeing  that,  as  shown   by  »|>eecli,  the 
whole  of  eac;h  hemisphere  is  not  identical  in  action  with  the  whole  of  the 
other,  we  may  perhaps  suppose  that  the  fibres  of  the  corpus  callosum,  which 
form  go  large  a  part  of  the  central  white  mutter  of  the  hemisphere,  have 
other  duties  than  that  of  merely  keeping  the  i>oint«  of  one  hemisphere  iai 
touch  with  the  corresponding  points  of  the  other  hemisphere.     But,  wheal 
we  have  made  every  allowance  for  all  ihcne  direct  intercortieal  connectioi 
we  are  driven  to  the  conclusion  that  the  indirect  ties  between  one  part 
the  cortex  and  another  through  the  lower  parts  of  the  brain  are  of  no  h 
perhaps  of  greater  importance.     This,  indeed,  ia  shown  by  the  relations 
tlie  motor  region.     We  have  already  urged,  that  even  as  regards  the  mere'' 
carrying  out  af  a  skilled  movement  (and  we  may  add  whether  that  be  vol- 
untary or  involuntary  in  the  ordinary  c»>rani(m   use  of  the  wortls)  the  motor 
region  must  have  other  lies  with  the  part   moved  than  merely  the  efferent 
tie  of  the  pyramidal  fibres;   it  must  have  sensory  aflerent   ties,  and    the 
cfmrse  of  these,  including  even  perhaps  those  which  belong  to  the  luusculi 
sense,  we  may  regard  as  an  indirect  one  along  the  spinal  cord  and  middl 
parts  of  the   brain,  though  the  details  are  as  yet  unknown  to  us.      It  mustfj 
moreover,  as  we  have  also  seen,  have  ties,  at  lea^t  in  many  cases,  with 
other   than   the   part   moved,  for   instance   with  the  general  coordinatii 
machinery.     And  the  ease  with  whicli  some,  not  very  obvious,  change   wii 
|)ermit  the  stimulation  of  a  limited   motor  area  to  start  epileptiform  convul- 
sions, shows  how  many  and  close  are  the  ties  in  another  direction.     Further,i 
when  we  go  beyond  the  tina!  phases  of  the  process  in  the  motor  cortex,  t4 
those  which  precede  the  is.«ue  of  the  efferent  impulses,  we  find  the  tie*  mul- 
tiplying.    For  instance,  since  our  movements  are  so  largely  guided  by  visni ' 
sensations,  there  must  lie  ties  between  the  motor  cortex  and  th^  ceuti 
visual  apparatus,  it  may   be  of  the  occipital  cortex,  but  it  may  also  be  oi 
the  lower  visual  centres.     As  we  insisted,  the  motor  area  is  only  a  link  in  a 
complex  chain ;  and  what  we  can  see,  dimly  though  it  be.  in  reference  to 
the  cortical   motor  processes,  probably  holds  goo<l  for  those  other  cortical 
processes  as  well,  of  wljose  nervous  genesis  we  know  at  present  nothing. 
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Heoce  eveu  the  higher  psychical  events  cannot  truly  be  spoken  of  aa  func- 
tions of  the  corUx.  meaning  that  they  are  simply  the  outcome  of  molecular 
changes  in  the  cortical  gray  matter;  they  are  rather  to  be  regarded  as  the 
outcome  of  complex  processes  in  which  the  parte  of  the  brain  below  the 
cortex  play  a  part  no  leas  important  than  that  of  the  cortex  itself.  If  so, 
the  libres  passing  down  from  the  cortex  to  the  middle  brain  have  functions 
by  which  they  take  part  even  in  our  psychical  life,  functions  for  which 
neither  the  words  motor  nor  sensory  are  Htting. 


On  the  Time  taken  up  by  Cerebral  Operations. 

692.  We  have  already  seen  ($  595)  that  a  considerable  time  is  taken  up 
ID  a  purely  reflex  act,  such  as  thai  of  winking,  though  thia  is  [>erhaps  the 
moat  rapid  form  of  reHex  movement.  When  the  movement  which  is  executed 
iu  resi)ou8e  to  a  stimulug  Involves  cerebral  operations  a  still  Umger  time  is 
needed;  and  the  intervnl  between  the  application  of  the  stimulus  and  the 
commencement  of  the  muscular  contractioD  varies  according  to  the  nature  of 
the  mental  labor  involved. 

The  simplest  case  is  that  iu  which  a  person  makes  a  signal  immediately 
that  he  perceives  a  stimulus — ex.  gr,,  closes  or  opens  a  galvanic  circuit  the 
moment  that  he  feels  an  induction-shock  applied  to  the  skin,  or  sees  a  ilash 
of  light,  or  hears  a  sound.  By  arrangements  similar  to  tht^se  employed  in 
measuring  the  velocity  of  nervous  impulnes,  the  moment  of  the  application 
of  the  stimulus  and  the  moment  of  the  making  of  the  signal  are  both  recorded 
on  the  same  travelling  surface,  and  the  interval  between  them  is  carefully 
measured.  This  intervnl,  which  ha.s  been  called  "  the  reaction  perio*! "  or 
"  react  it  >n  time/'  mav  be  divideil  into  three  8tage>* :  1.  The  time  during 
which  atferent  impulses  are  generated  in  the  peripheral  tiensc  organs  and 
transmitted  along  the  afferent  nerves  to  the  central  nervous  system;  this 
may  be  called  the  "afferent  stage."  2.  The  time  during  which,  througli 
the  operations  of  the  central  nervous  system,  the  afferent  impulses  are  trans- 
formef]  into  eHerent  impulses;  this  may  be  called  the  "central  stage." 
3.  The  time  taken  up  by  the  passage  of  the  eilerent  impulst^s  along  the 
efferent  nerves  and  the  transfifrmation  of  the  nervous  impulses  into  muscular 
contractions  ;  this  may  be  called  the  "  efferent  stage."  In  the  eflerent  stage 
the  event^i  are  comparatively  simple,  and  though  not  al)solutely  constant,  do 
not  vary  largely;  we  are  able  to  form  a  fairly  satisfactory  estimate  of  its 
duration,  and  so  of  the  share  in  the  whole  reaction  period  which  may  be 
allotted  to  it.  The  events  of  the  afferent  stage  are  much  more  complex,  and 
the  estimates  of  its  duration,  being  arrived  at  in  an  indirect  manner  and 
chiefly  based  upon  calculatioos  of  the  whole  reaction  time,  are  very  uncer- 
tain. Hence  all  attempts  to  estimate  the  length  of  the  "central  "  stage,  the 
"reduced  reaction  period,"  as  it  is  sometimes  called,  by  subtracting  the 
afferent  and  aiferent  stages,  must  be  subject  to  much  error.  But  a  good  deal 
may  be  learnetl  by  studying  the  variations  under  different  circumstances  uf 
the  reaction  periiKi  as  a  whole. 

Taking  first  of  all  the  cases  in  which  the  events  of  the  central  stage  are 
simple,  such  as  tho^  where  the  subject  has  merely  to  make  a  signal  upon 
feeling  a  sensation,  we  fmd  that  the  length  of  the  reaction  [)eriod  is  dependent 
on  the  intensity  of  the  stimulus,  being  shorter  with  the  stronger  stimulus. 
But  variations  in  the  strength  of  the  stimulus,  especially  in  the  case  of 
minimal  stimuli,  have  a  much  more  striking  effect  in  determining  the  cer* 
taintyof  the  reaction  than  in  affecting  the  length  of  the  period.  Thus,  when 
the  signal  is  made  in  response  to  some  visual  sensation,  upon  seeing  an  elec- 
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trie  spark,  for  instaace,  if  the  spark  be  a  very  weak  one  the  subject  of  the 
experirutiut  oilen  faile  to  make  the  signal  at  all.  though  he  may  rareir  fail  if 
the  spark  be  a  strong  one. 

iSorne  of  tbe  moat  marked  variations  in  the  length  o(  the  reaction  period 
are  determined  by  the  individimlity  of  the  fiubjt^ot.  Thus,  with  the  sanoe 
stimulus  applied  un<ler  the  same  circumstances,  the  reaction  period  of  one 
person  will  be  found  very  ditfereut  frum  that  of  another. 

The  length  of  the  reaction  period  varies  also  according  to  the  nature  and 
di8iw:>8ition  of  the  peripheral  organs  stimulaled.  In  general,  it  may  be  said 
that  cutaneous  senaatinua  produced  by  the  stimulus  of  an  electric  shock 
applied  to  the  skin  (the  signal,  for  instance,  being  made  by  the  right  hand 
svhen  the  shock  is  felt  by  the  left  hand)  are  followed  by  a  shorter  reaction 
jwriod  than  are  auditory  sensations,  while  the  period  of  these  is  in  tuiU' 
shorter  than  that  of  visual  Bengations  produoctl  by  luminous  objects :  on  the 
otfier  hand,  the  shortest  period  of  all  m  said  u*  be  that  of  visual  sensations 
pioduceil  by  direct  electrical  Htiinnlation  i>f  tht'  retina.  Roughly  H|J€aking, 
wt*  limy  say  that  the  reaction  purJ<Ht  is  [tyr  cutane(tU8  scnsHtions  one-seventh, 
for  hearing  one-sixth,  and  for  sight  one-iifth  of  a  sec^md. 

Practice  materially  shortens  the  reaction  |>eriod  :  indeed,  after  loDg  prac- 
tice, making  the  signal,  at  tirst  a  distinct  effijrt  of  the  will,  takes  on  the  char- 
acters of  a  reflex  act,  with  a  corresjKmdingly  shortened  interval.  Lastly,  we 
may  add  that  in  the  same  individual  and  wiib  the  same  stimulus,  the  length 
of  the  period  will  vary  according  to  circumstances, such  as  the  time  of  year, 
the  weather,  and  the  like,  as  well  as  accurditig  to  the  condition  of  the  indi- 
vidual, whether  fresh  or  fatigued,  fasting  or  replete,  having  taken  more  or 
less  alcohol,  and  the  like. 

The  reaction  period  of  vision  has  long  been  known  to  astronomers.  It' 
was  early  found  that  when  two  observers  were  watching  the  appearance  of 
the  panic  star  a  considerable  discrepancy  existed  between  their  res|>ective 
reaction  periods,  and  that  the  difference,  forming  the  basis  of  the  so-called 
"  personal  etfuation,"  varied  from  time  to  time,  according  to  the  peraoual 
Cf»nditioo  of  the  observers. 

§  693.  The  events  taking  place  in  the  central  stage  are.  of  course,  complex, 
and  this  stage  may  be  subdivided  into  several  stages.  Without  attempting 
to  enter  into  paychologiciil  questions,  we  may  at  least  recognize  certain 
elementarv  distinctions.  The  afferent  impulses  started  by  the  stimulus,  what- 
ever be  tlieir  nature,  when  they  reach  the  central  nervous  system  undergo 
.changes,  and  as  we  have  seen,  probably  complex  changes,  before  they  become 
sensations  ;  and  further  changes,  now  of  a  more  distinctly  psychical  character, 
are  necessary  before  the  mind  can  duly  appreciate  the  characters  of  thesb 
sensations  and  act  accordingly.  Then  come  the  psychical  processes  througl 
which  these  appreciated  8en.*jationa,  or  |)erce[>tions,  or  apperceptions,  as  they 
are  sometimes  called,  determine  an  act  of  volition.  Lastly,  there  are  tbe 
executive  pr(^ceftsea  of  volition,  the  processes  which,  psychicAl  to  begin  with, 
end  in  the  it^ue  of  coordinate  motor  impulses,  or,  in  other  words,  gtart  the 
distinctly  physiological  processes  of  the  efferent  stage.  We  may  thus  speak 
of  the  time  required  for  the  perception  of  the  stimulation,  of  tbe  time  required 
for  the  action  of  the  will,  and  of  the  time  required  for  the  complex  psychical 
processes  which  link  these  two  together.  Accepting  this  elementary  analysis. 
It  is  obvious  that  the  total  length  of  the  central  stage  may  be  varied  by  dif- 
ferences in  the  length  of  each  of  these  part^i;  and  a  more  complete  analysts 
would,  of  course,  open  the  way  for  further  distinctions.  Hence,  by  studying 
the  variations  of  the  whole  reaction  time  under  varying  forms  of  psychical 
activity,  we  may  form  an  estimate  of  time  taken  up  by  various  psychiciLl 
processes. 
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We  may  take  ha  an  inntance  the  case  in  which  ihEi  subject  of  the  experi- 
ment has  to  exercise  (liscrimination.  The  mode  of  making  the  :^ignal  being 
the  same,  and  the  slirnuliiD  being  of  the  same  order  in  eaeli  trial — that  is  to 
say,  visual,  or  cutaneous,  ur  auditory,  etc. — and  general  circumstances 
remaining  the  same,  two  ditlerent  stimuli  are  employed,  and  the  eubject  ia 
rtHjiiired  t^^  make  a  signal  in  re^prmsc  to  the  one  stimulus,  bvit  not  to  the 
othex  ;  the  subject  has  to  dii*crimirmte  between  the  |jsychical  eflecta  of  the 
tw<»Hiimuli.  Suppose,  for  example,  the  stimulus  is  the  sound  ofa  spoken  or 
sunc:  vowel,  and  the  subject  is  required  to  make  a  signal  when  a  is  sp'vken  or 
wm^,  but  not  when  o  is  spoken  or  sun^.  If  the  subject's  whole  rcactiou 
period  l>e  determined  (1 )  in  the  usual  way,  with  either  a  or  o  spoken  (and 
the  result  will  l>e  found  not  to  differ  materially  whether  oi  or  o  be  used),  the 
subject  knowing  ihat  only  a  or  only  o  will  be  spoken,  and  then  be  determined 
ajjuaiu  (2)  when  he  has  to  discriminate  in  order  that  he  raay  make  the  signal 
when  a  is  spoken,  but  not  when  o  is  spoken,  he  not  knowing  which  is  about 
to  be  spoken,  the  whole  reaction  period  will  he  found  to  be  disitinclly  longer 
io  the  second  case.  The  experiment  may  im  varied  by  making  use  of  all  the 
vowel  5<mndfl  taken  irregularly  m  the  stimulus,  the  Kubject  respcmding  by  a 
signal  to  one  only,  as  arranged  beforehand.  And,  of  coursie,  other  order:*  of 
stimulus  may  l>e  used,  either  visual,  the  signal  being  made  when  a  rei\  light 
i»  ^fhown  but  not  when  other  colors  are  shown,  or  tactile,  the  signal  being 
made  when  one  part  of  the  body  is  touched  but  not  when  other  parts  are 
touched,  and  the  like. 

In  jsuch  exi>erimeut«,  where  the  subject  has  to  distinguish,  to  discriminate 
between  two  or  more  events,  the  prolongation  of  the  reaction  period  ia 
obviously  due  to  the  longer  time  reipiirftl  for  the  psychical  proeesees  taking 
place  during  what  we  have  called  the  central  stage.  In  the  two  casee,  one 
without  and  the  other  with  <liflcrintinatii>n,  not  only  are  the  afferent  and 
efferent  stages  the  same  in  both,  but  we  have  no  reason  to  suppose  that  in  the 
central  stage  is  there  any  difference  between  the  two  cases  a^  to  the  time 
taken  up  by  the  transformation  of  simple  sensory  impulses  into  jierceptions, 
or  as  to  tliat  taken  up  by  the  will  in  gaining  access  to  the  motor  apfmratus 
and  so  starting  the  processes  of  the  efferent  stage;  the  delay  takes  place  in 
the  psychical  processea  intervening  between  these  two  parts,  and  the  amount 
of  delay  is  the  measure  of  the  time  neede<i  for  the  processes  involved  in  the 
discrimination.  This  *'  discrimination  |»eriod  '*  has  been  found  it)  differ  in 
the  same  individual  according  lo  the  sensation  employeil,  vit<ual,  auditory, 
etc  ,  and  nccontiug  to  the  kind  of  difference  in  the  sensaticm  which  has  to  be 
discriminated,  for  instance  in  visual  sensations  between  colors  or  between 
objects  in  ditlerent  parts  of  the  field  of  visi(m.  In  a  series  of  observations 
made  in  ihin  way,  the  discrimination  period,  (*.  r,  the  prolongation  of  the 
simple  reaction  period  due  to  having  to  discriminate,  was  found  to  range 
from  0011  secon<i  to  0.06'J  second. 

Another  series  of  observations  may  be  made  in  the  following  way  :  The 
signal  being  one  made  with  the  hand,  the  simple  reaction  period  for  a 
stimulus  ii  determined  with  the  signal  given  by  the  right  hand.  Two  kinds 
of  stimuli  are  then  employed,  both  of  the  same  order,  two  vowel  sounds  for 
instance,  and  the  subject  is  directed  to  respond  to  one  vowel  with  the  right 
baud  and  to  the  other  with  the  left  hand.  It  is  found,  the' subject  being 
right-hande«i.  that  the  reaction  period  is  greater  when  the  signal  is  made  with 
the  left  hand.  In  this  case  the  delay  takes  place  not  in  the  recognition  of  the 
effects  of  the  stimulus,  nor  in  the  processes  thn>ugh  which  the  will  is  formed 
U|M>n  that  recognition  ;  these  are  tne  same  in  the  two  cases  ;  it  takes  plac^iu 
tiie  processes  by  which  the  will  is  brought  to  bear  on  the  nervous  motor  ap* 
paratus  for  making  the  signal,  on  the  cortical  origin,  for  example,  of  the 
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pyramMal  tract ;  these  proL-eases  take  a  longer  time  in  the  case  of  the  unac- 
customed left  hainJ  than  in  the  case  of  the  usual  right  hand.  In  this  way 
we  obtain  a  measure  of,  so  to  apeak*  the  volitiunal  side  of  psychical  pro- 
cesses. 

In  a  somewhat  similar  way  we  may  "btnin  a  measure  of  the  time  required 
for  perception.  A  strong  rtpnsatkm  following  too  closely  upon  a  weak  one 
will  prevent  the  psychical  recognition  of  the  weaker  one.  If,  for  instance, 
two  or  three  letters  in  white  un  a  black  background  be  presented  to  the  eye, 
and  a  large  white  surface  be  presented  afterward  at  an  interval  which  ia 
made  successively  iihorler  and  shorter,  it  is  found  that  when  the  interval  ia 
made  ver>' brief  i iideed  the  letters  cannot  be  perceived  at  all.  In  proportion 
as  the  interval  is  prolunged,  the  recognition  of  the  letters  ircreases,  until  at 
an  interval  of  about  0.05  second  they  are  fully  and  clearly  recognized. 
Tbfit  is  to  say,  the  time  required  tor  perception  ia  in  euch  a  case  of  about 
that  length. 

The  duration  of  all  these  psychical  processes,  as  of  the  simple  reaction 
period  itself,  varies  of  course  under  diflerent  circumstances,  and  ine  discrimi- 
nation period  may  ha  conveniently  used  for  measurements  of  the  varying 
effects  of  circumstances.  Practice  shortens  the  discrimination  period  as  it 
does  the  simple  reaction  period.  One  of  the  most  powerful  influences  is  that 
of  attention.  And  it  is  stated  that  the  shortening  of  the  period  is  greater 
when  tlie  attention  is  concentrated  on  the  making  cjf  the  signal  than  when  it 
is  more  espeeialiy  directed  to  recognition  of  the  stimulus;  in  other  words, 
the  vitlititmal  prnces.«es  are  more  amenable  than  are  the  i>erceptive  processes 
to  the  psychical  action  which  we  call  attention.  On  the  other  hand,  the 
period  is  distinctly  prolonged  if  the  observer  be  distracted  by  coucomiiaut 
sensations.  For  example,  the  period  for  discriminating  between  two  vUual 
sensations  is  prolonged  if  powerful  au<litory  sensations  be  excited  at  the  same 
time. 

The  same  method  of  measurement  may  be  used  in  other  ways  and  under 
other  circumstHnt^es  with  reference  to  |>sychical  processes.  It  nin.st  be  remem- 
bered, however,  thut  all  such  observations  are  o|)en  to  many  fallacies  and 
need  particular  caution.  It  not  unfrecjuently  happens  that  false  results  are 
obtained  ;  *or  instance,  the  subject,  expecting  the  stimulus  to  be  brought  to 
bear  upon  him  and  straining  his  attention,  makes  the  signal  before  the 
stimulus  actually  corner  oC  And  the  interpretation  of  the  reaulta  obtained 
are  in  many  cases  very  dlthcult ;  but  it  woutd  be  out  of  place  to  dwell  upon 
these  matters  any  further  here. 


The  Lymphatic  Arrangements  op  the  Brain  and  Spinal  Co&d. 


§  694.  The  membrnn&t  of  the  brain  and  spinal  cord.  The  cerebro-spinal 
canal  is  lined  by  a  tough  lamellated  membrane,  composed  of  connective 
tissue  with  a  bniall  amount  of  elastic  networks, called  the  dura  maier,  which, 
somewhat  closely  adherent  to  the  walls  of  the  cranial  cavity,  is  8C[>arated 
from  those  of  the  vertebral  canal  by  a  considerable  sjmce.  containing  blood- 
vessels^ especially  large  venous  sinuses,  and  some  fat.  It  may  be  considered 
as  a  development  of  the  periosteum  lining  the  cerebnvspinal  cavity.  It 
sends  tubular  sheaths  for  some  distance  along  the  several  cranial  and  spinal 
nerves ;  and  f(»rms  between  the  cerebral  hemispheres,  in  the  longitudinal 
Bssure,  a  conspicuous  sickle-shaf)cd  vertical  fold,  the  falx  cerebri,  as  well  as 
u  smaller  horizontal  (»r  oblii|ue  fold  between  the  cerebellum  and  cerebrum 
kntiwn  as  the  ientorium. 

The  vascular  pia  vialer  is  closely  attached  to  the  surface  of  the  brain  and 
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apiDBl  cord,  dipping  down  aa  we  have  seen  into  the  ventral  or  anterior  fissure 
of  the  cord  as  well  sm  into  the  fissures  of  the  brain.  Sheath-like  iuvestmeuts 
of  pia  mater  are  cuuliiiued  almig  the  several  nerves  a»  they  leave  the  cerehro- 
•piual  cavity ;  and  in  the  vertebral  canal  an  imperfect  paHition  half-way 
between  the  dorsal  and  ventral  surfaces  of  the  cord  is  furnished  by  a  mem- 
brane of  connective  tissue  which,  continuous  along  its  whole  length  with  the 
pia  tiiater,  is  attacheii  to  and  fused  with  the  dura  niater  at  intervals  only, 
namely,  between  the  succetitfive  nerve-roots.  Since  its  outer  edge  has  thus  a 
tooihe<i  appc-arance,  this  membrane  is  called  the  Hgnmentum  dfntiru/atum. 
Between  the  pia  mater  next  to  the  brain  and  cord  and  the  dura  mater  next 
to  the  bony  walls  is  a  cavity,  which  is  divided  into  two  by  a  thin  membrane, 
arachnoid^  comjK>fled  of  interwoven  bundles  of  connective  tissue.  The 
between  the  arachnoid  and  tlie  dura  mater  is  called  l\ie  suhi I nnti  spactit 
and  the  space  between  the  arachnoid  and  the  pm  mater  is  calle<l  the  siib- 
arachnoid  Bpacc.  When  the  brain  is  exposed  by  removing  the  roof  of  the 
«kull  and  slitting  open  the  dura  mater,  the  subdural  space  is  laid  bare,  and 
the  arachnoid  is  seen  stretching  over  the  pia  mater;  in  the  vertebral  canal 
^tbe  arachnoid  lies  c!(»e  to  the  dura  mater,  so  that  usually,  when  the  <lura 
mater  is  slit  open  and  turned  back^  the  arachnoid  is  carried  with  it  and  the 
cavity  exposed  la  that  of  the  subarachnoid  space.  The  arachnoid,  like  the 
dnra  raater  and  the  pia  mater,  is  continued  tor  some  distance  over  the  nerves 
as  they  leave  the  cerebro-spinal  cavity  ;  so  that  each  nerve  at  ita  exit  is  sur- 
rounded by  a  tubular  pmlungation  of  the  subdural  space,  and  within  this  a 
similar  tubular  prolongation  of  the  subarachnoid  Hpace. 

The  subdural  space  is  broken  up  to  a  slight  extent  only  by  bridles  carry- 
ing nerves  and  bloodvessels,  especially  venous  sinuses,  between  the  pia  mater 
and  dura  mnter.  and.  over  the  surface  of  the  brain,  by  villus-!ike  projections 
of  the  arachnoid,  called  Pacchionian  glands,  some  of  which  pierce  the  veuous 
sinuses  of  the  dura  mater.  Jt  is  lined  throughout,  Ixtth  on  its  durat  and  on 
ila  arachnoid  wall,  by  an  epithelium  of  flat  e[)ithelioid  cells,  and  may  be 
compared  to  a  serous  cavity  such  as  that  of  the  peritoneum.  Like  the  serous 
cavities  it  contains  normallv  a  small  quantity  only  of  tluid,  and  its  size  is 
potential  rather  than  actual. 

The  subarachnoid  spa(^  on  the  other  hand  is.especiaHy  in  certain  regions, 
such  as  the  dorsal  portions  of  the  vertebral  canal  and  the  base  of  the  brain, 
much  broken  up  by  bridle-s  of  connective  tissue  passing  from  it  to  the  pia 
mater,  as  well  as  by  a  network  or  sponge-like  arrangement  of  bundles  of 
connective  tissue  lying  immediately  beneath  itself,  and  giving  it  when  viewed 
from  below  a  honeyci>mb  or  fenestrated  appearance.  The  un<ler  surface  of 
the  membrane  itself  as  well  as  all  the  Inibecube  of  the  sfKmge-work  and  the 
bridles  are  cftvcred  with  an  epithnlinm  of  Hat  epithelioid  cells,  which  is  con- 
tinued &\m  over  the  pia  mater  and  the  ligamentum  denticulatum,  and  lines 
the  tubular  sheath  like  prolongations  of  the  space  along  the  issuing  nerve- 

>t8.  The  subanwrhnitid  Bpace  therefore,  like  the  sulnlural  space,  n»ay  iye 
Lrded  as  a  serous  or  large  lymphatic  space,  but  it  is  an  actual  not  a  mere 
potential  space ;  it  always  contains  an  appreciable  quantity  of  fluid,  which 
iowever  is  not  ordinary  lymph,  but  is  furnished  in  a  particular  way,  and 
!r\'es  special  study.  To  underatand  the  nature  and  origin  of  this  eerebro- 
tinal  fluid,  as  it  is  called,  we  must  turn  to  some  special  arrangements  of  the 
mater. 

$  695.  The  pia  mater  proper,  consisting  of  interwoven  bundles  of  oon- 
ueotive  tissue,  with  some  elastic  fibres  and  a  considerable  number  of 
oonnective-tissue  corpuscles,  serves  as  we  have  said  an  the  l>earer  of  blood- 
to  the  nervous  structures  which  it  invests.  The  small  arteries  as  they 
into  the  nervous  substance  by  the  way  of  the  septa  are  surrounded  by 
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perivascular  lymphatic  canals  with  which  spaces  iu  the  neuroglial  gn>i 
work  b,»th  of  the  hraiii  ami  ?[>iiial  rord,  ej*pecially  spaces  surrournJin^ 
larger  Derve-cells,  are  cmitiiiuous.  As  is  the  case  with  other  tissues,  so  with 
the  central  nervous  systt!!!!,  the  several  elements  of  the  tissue  are  bathed 
with  lymph  derived  froo)  the  blood  ;  and  this,  oozing  through  the  spaces  iulo 
the  perivaticular  canals  and  the  other  lymphatic  vessels  of  the  pia  mater, 
makes  its  way  into  the  Buhnrnchnold  space;  but  the  iiui<l  in  the  subarachnoid 
space  has  other  sources  he-nides. 

The  roof  of  the  fourth  ventricle  is,  as  we  have  said  (§  fi()2),  reduced  to  a 
single  layer  of  non-nervous  columnar  epithelium,  which  appears  as  a  mere 
lining  to  the  [lia  mater  overlying  it.  In  the  hinder  imrt  nf  the  ventricle  this 
rf>of  is  perforated  by  a  distinct  narrow  oval  oririce,  uie  foramen  of  }[njentlie. 
By  this  orifice,  whiclj  passes  right  through  both  the  pia  mater  and  the 
underlying  layer  of  epithelium,  the  cavity  of  the  fourth  ventricle,  and  so  the 
whole  series  of  cavities  derived  from  the  original  medullary  canal,  the  lateral 
and  third  ventricles,  the  aqueduct,  and  the  central  canal  of  the  spinal  curd* 
are  made  cttuiinuous  with  the  subarachnoid  space.  There  arealw:i  other  leas 
conspicuous  communications  between  the  subarachnoid  space  and  the  fourth 
ventriulc.  Hence  the  nerehnvspinal  fluid  is  made  common  to  all  these  cavi- 
ties, and  is  furuisbed  not  only  by  the  pia  mater  investing  the  outside  of  the 
brain  and  spinal  cord,  but  also,  and  iudeed  probably  to  a  larger  extent,  by 
the  epiiheliuin  lining  the  several  cavities  of  the  cerebro-spinal  axis,  especially 
perhaps  by  those  portions  of  that  epithelium  which  coat  the  processes  of  pia 
mater  projecting  into  those  cavities  at  certain  places. 

We  saw  previously  (§  t»03)  that  a  large  fold  of  the  pia  mater,  carrying  in 
with  it  the  thia  non-nervuus  epithelium  which  alone  represents  at  the  place 
the  original  wall  of  the  medullary  canal,  is  thrust  inward  at  the  tntDsvenie 
fissure  of  the  brain,  beneath  the  fornix,  to  form  the  velum  interpositum,  thus 
supplying  a  roof  to  the  third  ventricle,  and  that  it  thence  projects  into  each 
lateral  ventricle  as  the  choroid  plexus  of  each  side,  reaching  from  the  fora- 
men of  Monro  in  front  alr>ngthe  edge  of  the  fornix  to  the  lip  of  the  descend- 
ing horn.  The  velum  being  a  fold  *>f  the  pia  mater  consists  theoretically  of 
two  layers,  an<l  beLweeii  the  upper  tioreal  layer  and  the  lower  ventral  layer, 
lies  a  thin  bed  oi"  connective  tissue  carrying  arteries  forwanJ  from  the  hind 
edge  of  the  corpus  cnllosuin,  and  similarly  carrying  veins  backward  ;  these 
vessels  supply  the  choroid  plexus  with  an  abundant  supply  of  bloofi.  Jn  the 
choroid  plexus,  the  folded  pia  mater  is  developed  into  a  number  of  villus- 
like  processes,  the  primary  proceaees  bearing  secondary  ones.  Each  process 
consists,  like  a  villus,  {if  a  basis  of  connective  tissue,  in  which  the  bloodvessels 
end  in  close-set  capillary  ]ot>p8,  covered  with  an  epithelium.  The  epithelium, 
though  continuous  with  the  rest  of  the  epithelium  lining  the  lateral  ventricle, 
and  thus,  as  we  have  said,  shutting  ofi*  the  lateral  from  the  third  ventricle 
(except  at  the  foramen  of  Monro),  and  though  like  it  derived  from  the  wall 
of  the  original  medullary  canal,  is  ditferent  in  structure.  Over  the  ventricle 
generally  the  epithelium  consists  of  ordinarv  short  columnar,  apjuireatly 
ciliated  cells,  with  more  or  less  transparent  cell  substance;  the  cells  over  the 
choroi<l  plexus  are  cubical,  often  irregular  in  form,  and  their  cell  8ul>stiuice 
is  loadetl  with  granules,  some  of  which  are  pigmentary.  They  have  verv 
much  the  afii>earauce  of  "  active"  secreting  cells;  and  indeed  a  branched 
process  of  the  plexus  may  be  compared  to  an  everted  alveolus  of  a  secreting 
gland,  with  the  epithelium  outside  and  the  bloodvessels  within.  It  canotit 
be  doubted  that  these  cells  play  an  important  part  in  secreting  into  the  cavity 
of  the  ventricle  tluid  which,  passing  thence  by  the  foramen  of  Monro  into 
the  third  and  so  into  the  fourth  ventricle,  finds  its  way  by  the  foramen  of 
Majendie  into  the  subarachnoid  space. 
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Afl  the  velum  overhangs  the  third  ventricle  it  sends  down  vertically  two 
longitudinal  linear  fringes,  which,  resembliug  tu  atrurture  the  choroid  plex- 
uses of  the  lateral  ventricle,  are  called  the  choroid  plexuses  of  the  third  ven- 
tricle. From  the  roof  of  the  fourth  ventricle  there  hangs  down  on  each  aide 
a  similar  linear  fringe,  the  choroid  plextiH  of  the  fnurth  vt^ntricle,  which  is 
especially  developed  at  it«  front  end  Leueath  the  overhanging  cerehellum. 
Theae  aubaidiary  choroid  priKH^sses  douhtleaa  aa^'ml  in  furnishing  cerehro- 
spiual  duid,  hut  their  share  is  small  compared  with  that  of  the  main  choroid 
plexuses  of  the  lateral  ventricle. 

^  696.  The  cerebrot>pinal  fluid.  The  specimens  of  cerebrospinal  fluid 
which  have  been  examined  as  to  their  composition  are  not  cjuite  comparable 
with  each  other,  since  while  some  (such  as  liume  olttained  from  cases  where 
A  fracture  of  the  base  of  the  skull  has  placed  the  subarachnoid  space  at  the 
base  of  the  brain,  where  it  is  largely  developed,  in  communication  with  the 
external  meatus,  and  the  fluid  psiaj>eft  by  the  ear)  may  he  regardeti  as 
normal,  others  (such  as  those  obtained  from  cases  of  hydrocephalus  where 
the  ventricles  contain  an  unusual  quantity  of  liuid,  or  irom  cases  of  sjjiual 
malformations;  must  be  considered  as  abnormal.  In  most  of  the  more  com- 
plete analyses,  the  tiuid  examined  has  belonged  to  the  latter  class;  and  the 
following  statements  apply,  strictly  iipeaking,  to  them  alone. 

With  this  caution,  we  may  say  thai  cerebro-spinal  tluid  is  a  transparent, 
colorleas  or  very  slightlv  yellowish  fluid,  of  fajnt  alkaline  reaction,  free  from 
histological  elements.  The  speciflc  gravity  is  about  1010  or  less,  the  amount 
of  solids  being  on  an  average  1  per  cent.  Of  these  by  far  the  greater  part, 
0.8  or  0.9  jier  cent.,  is  supplied  by  salts,  the  total  quantity  of  which  as  well 
as  the  relative  amount  of  the  several  constituents  being  about  the  same  as 
obtain  in  bli>od  and  lymph.  The  comparative  deticieucy  of  solids  id  i\uti  to 
the  scantiness  of  the  proteids,  which  rarely  exceed  0.1  per  cent.  The«e  are 
chiefly  globulin  and  a  form  of  ulbumose,  or  even  peptone  ;  albumin  is  said 
txi  be  generally  abaent.  The  fluid,  save  apparently  in  exceptional  cases,  does 
not  clot,  and  contains  neither  tibrogenous  factors,  nor  tibrin  terment.  It 
very  frequently  mntains  a  aut^lance  which  like  dextrose  reduces  Fehling's 
solution  but  which  is  not  sugar;  it  appears  to  be  pyrocatechin  or  a  closely 
allied  body. 

Seeing  that  a  fluid  of  such  a  c('m}K)8ition  is  of  a  diflerent  nature  fn>m 
ordinary  Ivmph,  furnished  entirely  in  the  ordinary  way,  we  might  be  inclined 
to  infer  that  probably  a  very  large  part  of  the  whole  mass  of  the  fluid  is 
furnished  by  the  secreting  epithelium  of  the  choroid  plexus.  But  it  must 
be  borne  in  mind,  that  the  foregoing  analyses  refer  chiefly  to  fluid  ap|>earing 
under  abnormal  circumstances,  and  it  would  be  hazardous  to  draw  any  wide 
inference  from  them.  We  have  little  or  no  exact  experimental  evidence  as 
to  how  much  fluid  is  actually  secreted  by  the  choroid  plexuses ;  and  if  the 
6uids  which  have  been  analyzed  do  represent  a  mixture  of  ordinary  lymph 
■applied  through  the  pia  nuitcr  with  the  peculiar  secretion  of  the  choroid 
plexus  and  cerel>ros[>inal  canal,  some  further  change  beyond  the  mere  min- 
gling of  the  two  fluids  is  needed  to  explain  the  remarkable  absence  of  albumin 
iffhich  has  hci'u  so  strongly  insisted  upon  by  various  authors. 

§697.  We  may  fairly  suppose  that  during  life  the  fluid  is  continually 
being  supplied,  from  the  one  source  or  the  other;  but  we  have  uu  very  exact 
^knowledge  as  to  the  rate  at  which  it  is  furnished.  In  the  dog,  the  fluid  has 
been  observed  to  escape  at  a  rale  varying  very  largely  under  difl'erent  cir- 
cumstances, and  ranging  from  1  c.c.  in  forty  minutes  to  as  much  us  1  c.c. 
in  six  minutes,  the  total  ouantity  diacharge<l  in  twenty-four  hours  varying 
from  36  o.c.  to  240  c.c.  in  the  cases  of  fracture  of  the  base  of  the  skull 
mentioned  above,  a  very  considerable  flow  has  been  frequently  observed ; 
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hut  it  may  be  doubted  whether  the  abuonnal  ctrcumfttanocs  of  meb 
hi&vti  not  ruiHetl  the  i»e<^relion  above  normal.  The  rate  uf  iluw  wm  ^namd 
in  the  dug  Ut  be  much  iucreaned  by  the  iiijei'tioD  offlubAtanccA  (oomiAl  ialliM 
ftiilutiuD)  into  the  blood,  but  to  W  relatively  littU*  intlueuoed  by  AmfictaJ 
heightening  of  aVteriut  {ire&ture.  Thia  haa  been  put  forward  bm  indJeatiBf 
that  the  Huid  is  cliiefly  furnished  Od  a  secretion  and  nut  at  an  ordUMry 
trauHudntiou  of  lyuiph;  but  it  cannot  be  re^nled  tm  atfitnling  a  valid  af|^- 
meut.  The  pressure  under  which  the  Huid  PxislB  is  ui&i»  vrry  variable;  h  ia 
cloeely  de|>endent  ou  the  vascular  arrangements  of  which  we  shall  hare  lo 
apeak  preacntly.  In  the  dog  the  average  preflsure  baa  been  eatimatod  at 
about  10  mm.  of  mercury. 

if  the  fluid  is  thus  continually  formed  it  must  always  find  a  oiauia  of 
escape.  This  is  probably  snpplieil  by  the  tubular  jirrdongiitiotin  of  tW  M^ 
arachnoid  space  along  the  nerve-roots  ;  the«e  are  t*outinuout  with  the  lymph- 
atic vessels  uf  the  uervea,  and  so  with  the  lymphatics  of  the  body  gviNumllT: 
an<l  in  theskull,  the  passages  of  this  kind  along  the  cranial  nrnriM,  napwiafly 
along  the  two  optic  nerves  into  the  orbits,  ailord  a  n«dy  meaiM  of 
It  is  alao  urged  that  some  of  the  fluid  escapes  through  tha 
glands  directly  into  the  blood  of  the  venous  sinuses.  In  a  dmd  body  ^M 
iDtroduoed  into  the  subarachnoid  space  through  an  opening  OTor  tbe  hmfk^ 
disappears  at  even  a  very  low  pressure  with  great  rapidity.  The  cireUB- 
atanoes  then  are,  however,  not  the  same  as  in  life  :  and  tlie  few  eatpari— in 
which  have  been  made  seem  to  shnw^  that,  during  life,  a  notatmhml  Ufjli 
pressure  ia  required  to  secure  the  escape  of  fluid  intrxluced  id  additioa  to 
that  naturally  secreted.  Thus  it  ia  stated  that  when  in  a  dog  Dormal  Mifaw 
iutlution  is  introduced  into  the  subarachnoid  cavity  at  the  low«r  end  of  tW 
spinal  ord  very  little  resorption  takes  place  so  long  aa  ibe  prevure 
remains  as  low  as  about  10  c.c.  uf  mert^ury ;  aa  the  pnaaurv*  ia  incisawi 
lieyond  this  res<;rptiou  quickly  iucreaaea.  Hut  it  may  be  douMr«]  wbHbM^ 
the  resorption  of  added  fluid  is  a  fair  teat  of  tht?  escape  (kf  fluid  naturBllr 
present ;  and  the  experiment  i»  of  value  rather  an  showing  »imply  thai  tban 
are  means  of  eaca[)e  than  as  atfonliug  a  mi^asure  of  tin*  ratr  of  iwcape  Be- 
sides, the  immediate  eflbclt^  of  applying  preeaure  at  the  i^iindal  rod  of  t^ 
spinal  ami  are  not  the  same  us  those  of  applying  the  prewurv  wtlhia  tk» 
skull. 

The  rate  of  poaaible  csimpe  is  not  without  importanoo  aft  JOgai^  tW 
mechanical  importance  of  the  (x«rebn)-!*pinal  fluitl.     Thu*  it  hi 
that  when  an  extra  (piantiiy  of  blotxi  is  driven  mUt  thr  ukull.  aay  toil 
intercranial  compression  is  prevented,  not  only  by  the  tranafaraBUi  m  % 
responding  quantity  of  cereuro-spinal  fluid  through  the  foninwn  ot 
from  the  cranium  into  the  spinal  canal,  the  walU  of  which  are  Um 
complete,  but  also  by  the  direct  escape  of  the  fluid  from  the  cavity  ol 
skull  along  the  cranial  nerves  in  the  manner  deacribpcl.     It  baa  alau 
urged  that  the  fluid  at  the  base  of  the  skull,  in  the  lai^  auhankcbiMMd 
of  which  it  gathers  in  larger  quantity  tlian  elsewbara^  acta  aa  a  aoM 
tective  water  cushion  to  the  delicate  cerebral  sub»tan«e»aiid  thai,  ia  _ 
the  presence  of  the  fluid  is  mechanically  useful  U)  the  vel&re  iif  Um 
removal  of  the  fluid  by  aspiration  being  said  to  lead  to  bemorrbofe  tram 
pia  nmter  and  to  various  nervous  diaordera.     But  our  knowlad^  aa  lo 
part  which  the  fluid  plays  ia  at  present  very  imperfiBcl;  and  Ita  very 
chemical  ohnractora  suggeat  that  it  has  Bonia  cbemioal  aa  well  at 
mechanical  functions. 
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The  Vascular  Arrangements  of  the  Brain  ani>  Spinal  Cord. 


§  698.  The  hlootlvessels  reach  the  nervous  structures  by  meana  of  the  pia 
mat^r.  la  the  epiual  cord  arteries  comiug  from  the  vertebral,  intercostal, 
and  other  arteries,  and  travelling  along  the  nerveroote  join  the  pia  mater, 
and  then  through  the  Hs,sures  and  septa  reach  all  parts  of  the  cord  ;  but,  as 
we  have  previously  remarked,  the  capillary  network  is  much  denser,  and 
therefore  the  blood-supply  much  greater  in  the  gray  than  in  the  white 
matter.  The  veins,  also  gathered  up  along  the  septa  and  fissuree  into  the 
pia  mater,  those  coming  from  the  gray  matter  forming,  before  they  reach 
the  external  pia  mater,  a  conspicuous  longitudinal  vein  on  each  side  of  the 
posterior  gray  commissure,  pass  from  the  pia  mater  to  the  large  venous 
sinuses  of  the  dura  mat-er  and  so  to  adjoining  veins. 

In  the  brain  two  im|>ortant  features  of  the  distribution  of  the  arteries 
deserve  special  attention.  In  the  first  pliice,  the  quadruple  supply  by  the 
right  and  left  vertebral  and  internal  carotid  arteries  is  made  one  by  remark- 
able anastomoses*  forming  the  circle  of  Willis.  The  right  and  left  vertebral 
arteries  entering  the  vertebral  canal  at  the  level  of  the  sixth  cervical  ver- 
tebra and  ninuiug  forward  toward  the  brain  join  beneath  the  ventral  surface 
of  the  bulb  to  form  the  single  median  bai*ilar  artery.  This,  after  giving  off 
branches  to  the  bulb,  cerebellum,  and  pons,  divides  into  the  right  and  left 
posterior  cerebral  arteries.  Each  internal  carotid  entering  the  skull  reaches 
the  base  of  the  brain  in  the  region  of  the  floor  of  the  third  ventricle,  and, 
passing  ventral  t*!  and  athwart  the  ontic  tract,  gives  off  the  large  and  imj>or- 
tant  middle  cerebnil  artery  along  the  fissure  of  Sylvius,  and  then,  turning 
forward  and  toward  the  median  line,  passes  dorsal  to  the  optic  nerve  to  end 
in  the  anterior  cerebral  artery.  Just,  liowever,  as  it  gives  off  the  middle 
artery,  it  sends  backward,  inclining  to  the  middle  line,  a  relatively  large 
brunch,  the  posterior  communicating  artery,  which  joins  the  posterior  cere- 
bral near  the  origin  of  this  from  the  basilar  artery.  Moreover,  the  two 
juiterior  cerebral  arteries,  soon  after  they  have  crossed  the  optic  nerves,  just 

they  are  aimnt  to  run  straight  fc>rward  along  the  frontal  lobes,  are  joined 
ither  by  a  short,  wide  branch,  the  anterior  conununicatiug  artery.  In 
this  way  the  vertebral  arteries  through  the  basilar  artery  join  with  the 
carotid  arteries  t^)  form  around  the  optic  chiasma  beneath  the  floor  of  the 
thini  ventricle  an  arterial  circle,  the  circle  of  Willis. 

BI(mm1  can  pass  along  thia  circle  in  various  ways — from  the  basilar  artery 
along  the  right  posterior  communicating  artery  to  the  right  internal  carf>tid, 
and  so  by  the  right  anterior  cerebral  artery  and  anterior  communicating 
artery  to  the  left  side  of  the  circle,  and  similarly  from  the  basilar  artery 
along  the  left  side  to  the  right,  or  from  the  right  or  from  the  left  c^irotid 
through  the  circle,  to  the  right  hand  or  to  the  left  hand  in  each  case.  Since 
the  channel  of  the  circle  is  a  fairly  wide  one,  the  passage  in  various  directions 
is  an  easy  one ;  all  the  vessels  radiating  from  the  circle,  including  the  basilar 
wtery  and  its  branches,  can  be  supplied  by  the  carotids  alone,  or  by  the  ver- 
tebraJB  alone,  or  even  by  one  carotid  or  one  vertebral  alone.  In  this  way  an 
ample  .supply  of  blood  to  the  brain  is  secured  in  the  face  of  any  hindrance 
to  the  flow  of  blood  along  any  one  of  the  four  channels. 

In  what  may  perhaps  be  considered  the  usual  arrangement,  the  calibre  of 
the  |x^lerior  communicating  arteries  is  rather  amidler  than  the  other  parts 
of  the  circle,  so  that,  other  thiugs  being  e^jual,  most  of  the  vertebral  blo'>d 
will  pass  by  the  i»03terior  cerebral  arteries,  while  the  carotid  blood  jjassea  to 
the  middle  and  anterior  cerebral  arteries ;  but  many  variations  are  met  with. 
We  may  also  here  perha|>s  call  to  mind  the  fact  that  the  left  carotid  coming 
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off  from  the  top  of  tlie  aorta  offers  a  more  atraight  path  for  the  blood  thmi 
does  the  right  oaruLiii  which  oome:^  off  fn»m  the  innoniiuate  artery. 

Another  special  feature  of  the  arterial  supply  to  the  brain  is  that  thts 
three  large  cerebral  arteries — posterior,  middle,  and  anterior — are  dtetribu* 
ted  iilinoat  exeluflively  to  the  cortex  and  to  the  aubjacent  white  matter,  whileJ 
the  deeper  parL^  of  the  hemisphere,  the  nucleus  caudatus.  thalamus,  and  thei 
like,  with  the  ca(>sule  and  other  luljuiuiug  white  matter,  are  supplied  by 
smaller  arteries  coming  (iirect   from   the  circle  of  Willis,  or  from  the  very 
beginnings  of  the  three  cerebral  arteries.     It  is  stated  that  these  two  syfltems 
make  no  auastomosca  with  each  other;  but  this  appears  to  vary  much  iu  dif-  , 
ferent  indivijhials.     We  may  add  that  the  anterior  cerebral  artery  8upplie«J 
the  cortex  of  the  dorsal  as|)ect  of  the  frontal  lol»e  as  well  as  the  front  and^ 
midrlle  portions  of  the  whole  mesial  surface  of  the  hemisphere;   while  the 
middle  cerebral,  always  large,  is  distributed  to  the  side  of  the  brain,  that  i«,  i 
the  parietal  lobe,  with  the  ventnd  part  of  the  frontal  htbe  and  the  dorsall 
part  of  the  temporal  lobe;  the  posterior  cerebral  supplying  the  rest  of  thel 
cortex,  that  is  to  say  the  occipital  lohe,  iticluiling  the  hind  part  of  the  mesiall 
surface  of  hemisphere,  together  with  the  ventral  part  of  the  temiK»ral   lobebl 
The  distribution  of  these  arteries  therefore  does  not  correspond  to  functionatj 
divisions,  for  while  the  middle  cerebral  supplies  a  large  part  of  the  moto^ 
region,  it  does  not  supply  the  whole  of  it,  and  does  supply  parts  outside  it- 
Though  the  small  arteries  as  they  run  iu  the  pia  mater  on  the  surface  of  the 
cortex  anastonn^e  freely,  there  is  very  little  anastonu^is  between  the  small 
arteries  which,  leaving  the  pia  mater,  dip  down  into  the  substance  of  the 
brain  ;  hence,  when  these  latter  arteries  are  blocked,  the  uutrititm  of  the 
part  of  ihe  cortex  supplied  by  them  is  apt  to  be  impaired. 

§  699.  The  venou:;  arraugemeutii  of  the  bruin  have  very  special  char- 
acters. 

Along  the  upper  convex  border  of  the  sickle-sbaped  fold  of  dura  mater, 
the  falx  cerebri,  is  developed  a  large  venous  sinus,  the  utiprrior  hngiindinaf 
sinii^.  This,  triangular  in  section,  increasing  in  calibre  from  before  back- 
ward, is  a  sinus,  not  a  vein  :  its  walls  are  formed  of  nothing  but  connective 
tissue  lined  with  epit  helium,  muscular  elentents  being  entirely  absent.  Though 
its  channel  if  brokeu  by  bridles  of  connective  tissue  pasf-iug  across  it,  it  jh*^ 
aeeses  no  valves,  ami  indeei]  these  are  absent  from  all  the  sinuses  and  veinaof 
the  brain.  Most  of  the  t)lood  returning  irom  the  cortex  and  subjacent  white 
matter  is  carried  into  this  sinus  by  veins,  the  mouths  of  which  are  for  the 
most  part  directed  forward,  that  is  to  say,  against  the  direction  of  the  blood 
stream.  Along  the  lower  concave  border  of  the  falx  is  a  similar  sinus,  the 
inferior  lougiimUnnl  tfinitb^  which,  however,  is  small,  and  into  which  rela- 
tively few  veins  open. 

From  the  deei>er  parts  of  the  brain,  and  especially  from  the  choroid 
plexus,  blood  is  conveyed  by  the  veins  of  Gai<n  along  the  velum  interpo^ituni 
to  the  transverse  Jissure,  where  the  veins  of  (ialen  join  the  inferior  longi* 
ludinal  sinus  to  form  the  strnifjht  Minus.  This,  running  along  the  line  forme^l 
by  the  intersectitin  of  the  vertical  falx  with  the  (more  or  leas)  horixonul 
tentorium,  joins  the  end  of  the  superior  longitudinal  sinus  to  form  the 
reservoir  or  cellar,  called  the  iorciihr  Herophili,  irom  which  the  htrra/  tiuxm, 
passing  on  each  side  along  the  convex  border  of  the  tentorium  and  gathering 
veins  fntm  the  cerebellum  and  hind  regions,  as  well  as  from  the  base  of  the 
brain,  delivers  the  blood  into  the  internal  jugular  vein. 

It  should  l>e  added  that  veins  fnmi  the  nose  and,  through  the  ophthalmic 
veins,  from  the  face  join  the  veins  and  sinuses  of  the  brain,  and  that  the  to- 
called  emissary  veins  pass  through  the  cranium  from  the  scalp  to  the  superior 
longitudinal  and  lateral  sinuses.  , 
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The  channels  frtr  the  venous  bltxul  of  the  brain  are  therefore  not  veins,  but 
sinuses;  not  so  much  lubes  for  niainlninin)^  u  uniform  current,  us  longi- 
tudinal reBervoirs.  which,  while  affording  an  ea^y  onward  path,  can  aleo  be 
easily  tilled  and  easily  emptied,  and  in  which  the  blood  can  move  to  and  fro 
without  the  restricliona  of  valves.  This  arrangement  is  correlated  t<j  the 
peculiar  surroundings  of  the  brain,  which  is  nut  like  other  organs,  protected 
merely  by  skin  or  other  extensible  or  elaslic  tissue,  but  is  enoitfed  by  a  fairly 
►mpleie  inextennible  enveIo|>e,  the  skull.     As  a  consequence  of  this,  when 

any  time  an  extrft  i.|UHntity  of  blood  is  sent  from  the  heart  to  the  brain 
room  must  be  made  for  it  by  the  increased  exit  of  ihe  fluids  already  present. 
For  any  pressure  on  the  brain-substance  heyoud  a  certain  limit  is  injurious 
to  its  welfare  and  activity,  as  is  seen  in  certain  maladies,  where  bloiHl  passing 
by  rupture  of  the  bloodvessels  out  of  its  normal  channels  remains  eflused  on 
the  surface  of  the  brain  or  elsewhere,  and  thus  taking  up  the  ro»Mn  of  the 
pro|»er  brain  sukmance  leads,  by  "compression,"  as  it  is  called,  to  paralysis, 
loss  of  consciousness,  or  death.  Some  room  may,  as  we  have  seen  (^  U97), 
be  pruvidetl  by  the  esca|>e  of  cerebrospinal  fluid  from  the  skull,  liut, 
within  the  limits  of  the  normal  cerebral  circulation,  the  characteristic 
venous  sinuses  especially  serve  to  regulate  the  internal  pressure:  t  he  v  form 
temporary  reservoirs  from  which  a  comparatively  large  quantity  ot  blood 
can  be  rapidly  discharged  from  the  cranium,  the  How  from  the  sinuses  being 
greatly  assisted  by  the  low  or  negative  pressure  obtaining  in  the  veins  of  the 
neck  at  each  inspiratory  movement  of  the  chest. 

§  700.  The  8up()ly  of  blood  to  the  brain  seems  at  first  sight  not  to  oorre- 
s|>ond  to  the  imiw)rtanceof  this  the  chief  organ  of  the  bo^ly.  In  the  rabbit  it 
Would  a[»|>eHr  that  hartlly  more  than  one  per  cent,  of  the  total  quantity  of 
the  blood  of  the  IwHiy  is  present  at  anyone  time  in  the  brain,  a  quantity  but 
little  more  than  half  that  which  is  found  in  the  kidneys;  and  while  the 
weight  of  blood  in  the  braiu  at  any  one  time  amounts  to  about  live  {>er  cent. 
<if  the  total  weight  of  the  orgau,  being  about  the  same  as  in  the  muscles,  in 
the  kidney  it  amounts  to  nearly  twelve  per  cent.,  and  in  the  Hver  to  as  much 
as  nearly  thirty  per  cent.  Making  every  allowance  for  the  relative  small 
size  and  functiimal  importance  of  the  rabbit's  brain,  the  blood-supply  of 
even  the  human  brain  must  still  be  small  ;  and  making  every  allowance  fur 
rapidity  of  current,  the  interchange  bet^^■een  the  blood  and  the  nervous 
elements  must  also  be  small.  In  other  words,  the  metabolism  of  the  brain- 
substance  is  of  importance  not  so  much  oil  account  of  its  quantity  as  of  its 
epeciat  qualities. 

The  circulation  iu  the  brain  may  be  studied  by  help  of  various  methods. 
A  manometer  may  be  connectetl  with  the  periphrral  end  of  the  divided 
internal  carotid  artery,  a  second  manometer  being  attached  in  the  usual  way 
to  the  central  portion.  Since  the  peripheral  manometer  records  the  blood- 
preaoure  in  the  circle  of  Willis  transmitted  along  the  peripheral  portion  of 
the  carotid  artery,  variations  of  pressure  in  the  circle  of  Willis  may  thus  be 
studied ;  ami  a  comparison  of  the  peripheral  with  the  central  manometer 
will  indicate  what  general  changes  are  taking  place  in  the  circulation 
through  the  brain.  Thus  a  fall  of  preasure  in  the  peripheral  manometer 
unaccompanied  by  any  corresponding  fall  in  the  central  manometer  would 
show  that  the  "  peripheral  resistance"  in  the  brain  was  being  lowered,  in 
other  wiirds,  that  the  vessels  were  being  dilated. 

In  another  method,  in  the  dog,  the  outOow  of  venous  blood  from  the 
lateral  sinus  through  the  (Hiaterior  facial  vein  has  been  measured.  The 
fre*?dom  with  which  bltxid  passes  along  the  sinuses  justifiee  the  aaaumption 
that  the  outflow  through  the  open  vein  gives  on  a|»proxiKiate  meaeure  of  the 


rate  of  flow  under  untural  cmiditions ;  still  the  results  are  only  approximate, 
ami  besi(i*'s,  the  pnutinued  losa  of  blood  introduces  error. 

A  third  iiiethud  is  a  [dethysniographic  one.  The  skull  is  made  to  serve 
as  the  box  of  the  plflhy^inoLcruph  or  uucometer  (■!411);  a  small  piece  of 
the  roof  having  been  removed  by  the  trephine,  a  membrane  is  titled  to  the 
hole,  and  the  movements  of  the  membrane  are  recorded  by  help  of  a  piston 
and  lever  or  directly  by  a  lever.  In  young  subjects,  the  fonlanelle,  or  por- 
tion of  the  cranium  not  yet  ossified,  may  be  utilized  as  a  natural  membrane, 
and  ittt  movements  recorded  in  a  similar  manner.  Wlitu  the  instrument  is 
fitted  lo  the  hole  in  a  watcr-ti^bt  manner,  this  meth(Ml  records  variations  in 
internal  pressure  ;  and  we  may  take  it  for  granted,  unless  otherwise  indi- 
cated, that  greater  or  less  pressure  is  due  to  more  or  less  blood  paslog 
to  the  brain.  But  the  amount  of  prest^urc  brought  to  bear  on  the  recording 
int<trumenl  will  also  de|>eud  on  the  readiness  with  which  the  eerebn^-spiual 
fluid  escapes  from  the  cavity  of  the  skull;  if  there  be  a  hindrance  to  the 
escape,  or  on  the  other  hand  an  increased  facility  of  escape,  the  same  in- 
crease of  supply  of  blood  will  produce  iu  ooe  ease  a  leas,  in  the  other  a 
greater  movement  of  the  lever.  If  the  membrane  be  attached  loosely  to 
the  hole  so  as  to  allow  free  escape  of  the  cerebro-spiual  fluid,  the  lever 
practically  resting  on  the  surface  of  the  cerebral  hemisphere,  the  method 
records  variations  in  the  dorso-veutral  diameter  of  the  hemisphere,  and 
these  may  be  taken  as  meiiauring  variations  in  the  volume  of  the  brain  and 
Sit  in  the  blood-supply.  In  tKnlber  form,  however,  does  the  method  by  itself 
give  us  all  the  inl'ormatiou  which  we  want.  An  increase  of  blood  iu  the 
brain,  and  therefore  an  expansion  of  the  brain,  and  so  a  movement  of  the 
recording  instrument,  may  result  either  from  a  fuller  arterial  supply  or 
from  hindrance  to  the  venous  oiiltiow  ;  the  former  condition  ia»  at  least  in 
most  cases,  favorable  to.  the  latter  always  and  distinctly  injurious  to,  the 
activity  of  the  nervous  structures;  hence  the  teachings  of  the  lever  must 
be  corrected  by  a  simullaueous  observation  of  the  general  arterial  pressure 
and  of  the  blood-jiresasure  in  the  veins  of  the  neck.  Moreover,  theargumojil 
which  we  used  (^l?  418)  in  reference  to  the  kidney  may  be  applie*!  here  and 
probably  with  equal  force,  namely,  that  the  value  of  the  blood  stream  fur 
the  nutrition  of  the  tissue  is  depeudeul  not  alone  on  the  amount  of  blooii- 
pressure,  but  also  and  especially  on  the  rapidity  of  the  flow ;  indeed,  this 
second  factor  is  of  particular  importance  in  view  of  the  need  of  supplying 
the  nervous  eleraeuts  with  an  adequate  interchange  of  gases.  Now  ol  the 
rapidity  of  flow  the  plethy8mogra]>hic  method  can  give  us  indirect  informa- 
tion only. 

^  701.  By  one  or  other  or  all  of  these  methods,  certain  important  facts 
have   been   made  out.     The  volume  of  the    brain  as  deternune<l    by    the 
amount  of  blrK>d  present  in  it,  is  continuously  undergoing  changes  brought, 
about  by  various  causes.     Each  heart-beat  makes  itself  visible  on  the  cere-' 
bral   as  on  the  renal  plcthysmographic  tracing,  and  as  we  have  seen  in 
8|)eaking  of  respiration,  the  diminution  of  pressure  in  the  great  veins  of  the 
neck  during  inspiration  leads  to  a  shrinking,  and  the  reverse  change  durini 
ex[>iration  to  a  swelling  of  the  brain.     The  plethysmograph  alsoshow^  varia-' 
tions,  larger  and  slower  than  the  respiratorv  undulations,  and  brought  about 
by  various  causes,  such  as  the  position  of  the  head  in  relation  to  iht*  trunk, 
movements  of  the  limbs,  modifications  of  the  respiratory  movements,  and 
apparently  phases  of  activity  of  the  brain  itself,  as  in  waking  and  sleeping; 
undulations    corresponding   to   the   Traube-Hering    variations   (§  388)    of 
blood-pressure  may  not  unfrequeutly  be  observed. 

All  the  various  methofls  show  that  the  flow  thn^ugh  the  brain  is  largely 
determined  bv  a  vasomotor  action  of  some  kind  or  another.     And  this  we 
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might  indeed  infer  from  ordinary  experience.  When  the  he&d  is  suddenly 
shiAed  from  the  erect  to  a  hauging  ]M}8ition,  there  must  t>e  a  teodency  for 
the  blood  to  accumulate  in  the  cranial  cavity,  and  conversely  when  the  head 
18  suddenly  shifted  from  a  haii};ing  to  an  erect  podition,  there  must  be  a 
tendency  for  the  supply  of  blood  within  the  cranium  to  be  for  a  while  lees 
than  normal.  Either  change  of  position,  and  especially  perhaps  the  latter, 
would  lead  to  cerebral  disturbances,  which  in  turn  would  in  ourseiveH  l)e 
revealed  by  affections  of  our  consciousness.  That  a  perfectly  healthy  and 
especially  young  or|<anism  whose  vasomotor  mechanisms  are  at  once  etfective 
and  delicately  res|>i)nsive,  can  pass  swiftly  from  one  position  of  the  head  to 
the  other  without  inconvenience,  whereas  those  in  whom  the  vasonnttor 
mechanisms  have  by  age  or  otherwise  become  imperfect  are  giddy  when 
they  attempt  such  rapid  changes,  is  in  itself  adequate  evidence  of  the  im- 
portance of  the  vasomotor  arrangements  affecting  the  circulation  through 
the  brain.  The  several  methods  agree  in  showing  that  increased  general 
arterial  pressure,  such  as  that  for  instance  induced  by  stimulation  of  a 
sensory  nerve,  leads  to  a  greater  flow  of  blood  to  the  braiu  ;  the  volume  of 
the  brain  is  increased  and  the  venous  outflow  by  the  lateral  sinus  is 
quickened.  Convereely,  a  lowering  of  arterial  pressure  leads  to  a  lessened 
flow  of  blo<Ml  to  the  brain.  ' 

Seeing  that  the  cerebral  arteries  have  well-developed  muscular  coats,  the 
basilar  artery  in  fact  l>eing  conspicuous  in  this  respect,  one  would  be  led  to 
9uppftf»e  that  the  brain  possessed  special  vasomotor  nerves  of  its  own  ;  and 
recognising  the  importance  of  blood  supply  to  rapid  functional  activity  one 
would  ])erhapp  anticipate  that  by  siier'ial  vasomotor  action,  the  supply  of 
blood  to  this  or  that  particular  part  of  the  bniin  might  l>e  regulated  apart 
from  changes  in  the  geneni)  supply.  The  various  observati<'U8,  however, 
which  have  hitherto  been  made  have  failed  to  demonstrate  with  certainty 
any  such  s|}ecial  vasomot4>r  nerves  or  fibres  directly  governing  cerebral 
vessels.  It  would  be  hazardous  to  insist  too  much  on  this  negative  result, 
especially  since  the  observations  have  been  chiefly  directed  to  the  nerves  of 
the  neck,  the  experimental  difficulties  of  investigating  the  presence  of  vaso 
motor  fibres  in  the  cranial  nerves  being  very  great.  Still  it  may  be  urged 
and  indeed  has  been  urged  that  the  How  of  blood  through  the  brain  is  so 
delicately  responsive  to  the  working  of  the  general  vasomoftir  mechanism 
just  because  it  has  no  vasomotor  nerves  of  its  own.  In  such  an  organ  as 
the  kidney,  an  increase  of  general  bluod-prei^sure,  as  we  have  more  than 
once  insisted,  may  or  may  not  lead  to  a  greater  flow  through  the  kidney 
according  as  the  vessels  of  the  kidney  it^If,  through  the  action  of  the  renal 
va»omott»r  nerves,  are  dilated  or  conslriateil  ;  and  as  we  have  seen,  a  con- 
striction of  the  renal  vessel  may  be  one  of  the  contributors  to  the  increased 
general  pressure.  In  the  brain,  on  the  other  hand,  an  increase  of  general 
arterial  pressure  seems  always  to  lead  to  increase  of  flow.  Thus  in  the 
Traube-Hering  uudulations  just  mentioned,  the  expansions  of  the  brain 
are  coincident  with  the  rises  of  the  general  pressure,  whereas  in  the  normal 
kidney  and  in  other  organs  the  local  Traube-Hering  undulation  reverses  the 
general  one.  the  shrinkings  are  synchronous  with  the  rises  of  pressure,  the 
local  constriction  being  one  of  the  factors  of  the  general  rise.  It  is  argued, 
that  in  the  absence  of  vasomotor  nerves  of  their  own,  the  cerebral  vessels 
are  wholly,  so  to  speak,  in  the  hands  of  the  general  vasomotor  system,  so 
that  when  the  blood-pressure  is  high  owing  to  a  large  voso-constriction  in 
the  abdominal  viscera,  more  blood  must  necessarily  pass  to  the  brain,  and 
when  again  the  blood  pressure  falls  through  the  o[>ening  of  the  splanchnic 
flood-gates  (l>  17S)  leas  blood  necessarily  flows  along  the  cerebral  vessels. 
And  indee<i  one  may  recognize  here  a  .<»ort  of  self  regulating  action  :  for 
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diminishing  the  supply  of  bl<KKi  Ui  tho  vasomotor  centre  iu  the  bulb  act . 
yte  know,  aii  a  powedul  stimulus  in  producing  vaso-constriction,  and  so  leads 
to  a  rise  of  blood-pressure ;  but  this  very  riee  of  blood- pressure  drivee  more 
blood  to  the  brain,  including  the  bulb,  and  thus  the  injurious  effects  to  the 
brain  threatened  by  an  aniemic  condition  are  warded  off  by  the  very  be- 
ginning of  the  aniemia  itself.  All  these  advantages  nre»  however,  quite 
conipalihle  with  the  coexistence  of  special  vasomotor  mechanisms. 

ij  702.  Moreover  the  How  of  blwHl  to*  and  consequent  change  in  the  bulk 
of^  the  brain,  and  indeed  the  flow  of  blo<»d  through  the  brain,  as  mensured 
by  the  venous  outflow,  nmy  he  modified  independently  of  changes  in  the 
general  hU)od-prrssnre.  For  instance, i*timulalion  of  the  motor  region  of  the 
cortex  (juickcus  the  venous  outHow,  without  prmlucing  any  marked  change 
iu  the  general  blood-presaure  ;  this  feature  becomes  very  striking  at  the  ont^el 
of  epileptiform  convulsions  when  these  make  their  appenranee.  It  is  diffi- 
cult not  to  connect  such  a  result  of  functional  activity  with  some  special 
vaj*omotor  nervous  arrangement  comparable  to  that  so  obvious  in  the  case 
of  a  secreting  gland.  Again,  it  has  been  observed  that  certain  drugs  have 
an  effect  un  the  volume  of  the  bruin,  ipiite  inconimenBunite  with  their  cfTect 
on  the  vasomotor  system  ;  thus  in  particular  the  injection  into  the  general 
blood  stream  of  a  weak  acid  produces  a  large  and  immediate  expansion  of 
the  brain,  while  the  introduction  of  a  weak  alkali  similarly  gives  rise  to 
similar  considerable  shrinking.  It  issuggested  that  these  effects  are  prctduced 
by  the  acid  or  alkali  acting  directly  on  the  muscular  coats  of  the  minute 
arteries  and  so  leading  to  relaxation  or  contraction  respectively.  In  treating 
of  the  chemistry  of  nervous  substance  (-5  72)  we  elated  that  "the  gray 
matter  of  the  central  nervous  system  is  said  to  be  slightly  acid  during  life 
and  to  become  more  acid  after  death."  Recent  observatiouH  go  to  show  that 
the  gray  matter  of  the  cortex  is  faintly  alkaline  during  life  and  under 
normal  conditi<tns,  but  becomes  acid  after  death  or  when  its  blood-supply  is 
interfered  with  ;  and  it  has  been  urge<]  that  nervous  gray  matter  like  mus- 
cular substance  develops  acidity  during  activity,  as  well  as  upon  death,  the 
acidity  l>eing  probably  due  in  each  case  to  some  form  of  lactic  acid.  And 
juat  as  it  has  been  suggested  that  the  dilatation  of  the  minute  arteries  of  a 
skeletal  muscle,  accompanying  or  following  the  contraction  of  the  muscle, 
is  brought  ab^)ut  by  the  acid  generated  during  the  contraction  causing  a 
relaxation  of  the  muscular  coats  of  the  minnt*?  arteries,  so  it  has  been  sug- 
gested that  a  similar  acidity,  the  prwluct  of  nervous  activity,  eimtlnrly  leads 
in  nervous  tissue  to  a  dilatation  of  the  vessels  of  the  part.  The  existence  of 
special  vasomotor  mechanisms  would,  however,  afford  a  more  satisfactory 
explanation  of  these  and  other  phenomena;  iu  spite  of  the  negative  re^tilt- 
so  far  oblflincd,  the  matter  is  obviously  one  needing  further  iuvestigalictn. 
Meanwhile  we  have  abundant  evidence  that^  however  brought  about,  the 
flow  of  blond  through  the  brain,  and  probably  through  particular  parts  of 
the  brain,  is  varied  in  accordance  with  the  needs  of  the  brain  itself  and  the 
events  taking  place  elsewhere  in  the  body. 
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SIGHT. 

§  703.  A  RAY  of  light  falling  tni  tlie  retina  gives  rise  to  what  we  eall  u  sensa- 
tion of  light ;  but  in  order  llint  distinct  ^nsiou  of  any  object  may  be  gaineil,  an 
image  of  the  object  inuttt  be  formed  on  the  retina,  and  the  better  defineii  the 
image  the  ranre  distinct  will  be  the  vision.  Hence,  in  studying  the  physiology 
of  vision,  our  first  duty  is  to  examine  into  the  arrangements  by  which  the 
formation  of  a  satisfactory  image  on  the  retina  is  effected ;  these  we  may 
call  briefly  the  dioptric  mechanisms.  We  shall  then  have  to  inquire  into 
the  laws  acconliug  to  whioh  rays  of  light  inipiugiug  on  the  retina  give  rise 
to  sensory  impul!?c8,  and  ibnsc  according  U)  which  the  impulses  thus  gener- 
ated give  rise  in  turn  to  sensations.  Here  we  shall  come  upon  the  difficulty 
of  distinguishing  between  the  unconscious  or  physical  and  the  conscious  or 
psychical  factors.  And  we  shall  find  our  difficulties  increased  by  the  fact^ 
thttt  in  appealing  to  our  own  consciousness  we  are  apt  to  fall  into  error  by 
confounding  primary  and  direct  sensations  with  states  of  consciousness  which 
are  produced  by  the  weaving  of  the«e  primary  sensations  with  other  opera- 
tions of  the  central  nervous  system,  or,  in  familiar  language,  by  confounding 
what  we  see  with  what  we  think  we  see.  These  two  things  we  will  briefly 
distinguish  iis  visual  sensations  and  visual  judgments;  and  wc  shall  find  that 
both  in  vision  with  one  eye,  but  more  especially  in  binocular  vision,  visual 
judgments  form  a  very  large  part  of  what  we  frequently  apeak  of  as  our 
sight 

[Ffiynolngital  Anat4}my  of  the  Eye. 

§t  704.  The  eyeball  is  of  a  spheroidal  shape.  It  consists  of  two  segments  of 
different-sized  spheres.  The  larger  segment  is  situated  posteriorly,  and 
constitutes  ab«iut  five-sixths  of  the  walls  of  the  eyeball.  From  its  free 
margin  project^)  the  smaller  segment,  which  is  that  of  a  smaller  sphere.  The 
posterior  segment  is  compose<i  of  a  whitish,  opaque,  firm  wall,  consisting  of 
three  coaU  or  tuniai — the  i*rlerotiCy  the  choroid^  and  retina.  The  anterior 
segment  is  crontiiiuous  with  the  sclerotic  coat.  fFig.  212.)  It  is  a  transparent, 
elastic,  convex  organ,  called  the  cornea.  The  cornea  consisia  nf  three  layers 
— an  anterior  and  |>osterior  elastic  lamina,  having  between  them  a  layer 
which  is  the  proper  tissue  of  the  organ.  This  middle  layer  is  composed  of 
about  sixty  superimposed  lamina;  of  fuittforni  fibrous  cells.  In  the  interatioes 
between  the  laminm  are  found  tubular  spaces,  which  contain  a  transparent 
fluid.  The  anterior  and  posterior  elastic  laminje  are  structureleaa  and  highly 
elastic.  When  separated  from  the  proper  corneal  tissue  they  have  a  great 
tendency  to  curl  up.  This  fact  suggests  that  these  two  laminie  arc  active 
agents  in  the  retention  of  a  proper  curvature  of  the  cornea.  The  cornea  is 
covered  on  its  anterior  surface  by  the  conjunctival  mucous  membrane,  which 
constfltB  of  three  or  four  layers  of  pavement  epithelial  cells;  the  deeper 
layers  of  cells  are  oblong,  and  placed  j>er[)endieularly.  'Fig.  213.)  The 
conjunctiva  at  this  point  has  no  i)erceptible  basement  membrane.  The  pos- 
terior surface  of  the  cornea  is  covered  by  a  transparent  serous  membrane, 
which  consists  of  a  simple  layer  of  |>oIygonal  pavement  epithelium  ceils  rest- 
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FlQ.  212.— DlAiiiiAM  OF  A  iloitizoNTAL  SKCTinN  OP  THF  Kykhali..    o,  nilteT uf  «cIetuU«  ^oKi  ;  rf,  Iha 
eornes  :  h.  nit<3ille  ur  (rhoroidal  otmiI  :  m,  dllary  lleHTnent ;  9.  clliar>-  ]tri>ce»ii:  e,  cillao*  Bituci«.  ad^ 
/,  Iris;  c. inner cont  of  retliin,  cotitinuncu  with  tb?  npiic  nenre  buhliid,  will)  h  diirk  lAjrer  oiitelde  It; 
ff,  li^nf  :   t,  Bitapensnry  ligament  nf  the  lens;  A,  rttreoiift  bndy :  n,  hyntoUl   nienil>mtie:  i,  T«vtci 
chaniber:  o.  caual  of  Petit;  r.  sinuH  drcularis  Irfdls;  /, uptfc  nerve.    The  dotte<l  Itnv  Uirou^cb  tl 
oenlre  in  tbe  langitudinal  o-xU  r*f  the  ball. 

Fio.  218.— VERTirAi.  SiaTioN  OF  TiiK  OouKKA.  A.  pfoper  tlastte  of  the  corneK  ;  B,  anterior  irUi»tfc 
Umlnn  of  comcn,  with  It.  the  i-onJunctlTnl  epithelium  on  It:  C.  oblique  flbm  from  tt  U\  tbr  \»pxn 
of  (hu  conioa;  H,  (MWterlor  elu.«l(c  lanilua,  with  f.  epitholhim  on  it  uf  ibe  membrane  of  (lemoQis; 
0,  surlace  view  ot  the  cplthelliun  of  the  membninc  of  r>eroour!i. 


^^°-  21*-  ing  on  au  elastic  membrane.    This  ia  called 

the  membrane  of  Demours.     The   cortu 
has  no  bhiodves^ls,  and  therefore  deriTes 
its  nutriment  by  diffusion. 

The  ftcierotie  coat  is  so  named  on  account 
of  the  firmness  of  ita  texture  and  hurdneM.i 
It  forms  the  outer  tunic  of  the  |Mist«rioi 
segment.      It   is   whitish,  opaque,  smoolhi 
excepting  at  the  points  of   attachment 
the  muscles  of  the  eyebaU.     It  i.s  composed^ 
of  white  fibrous  tissue,  arranged  more  or 
]e88  in  bundles,  which  interlace  each  other 
in  various  directions.     Anteriorly  the  inter- 
lacements are  in  a  general  transverse  direc- 
tion ;    posteriorly  the  direction  is  longitu- 
dinal.     This    coat    also   contains    yellow 
elastic  Bbres  and  fusiform  nucleated  cells. 
It  is  continuous  anteriorly  with  the  cornea, 
and  posteriorly  with  the  perineurium  of  tl 
optic  nerve.     At  the  interna]  border  of  the 
junction  with  the  cornea  is  a  venous  ginus 
called  the  sinun  circuiarU  iridM  or  canal  of 
Schiemm.     The  optic  nerve  pierces  it  about  2.(t  mm.  internal  to  the  anten 
pueterior  axis  of  the  eyeball.     At  this  point  the  coat  is  perforated  by  miDutfl 


iNMEii  View  of  the  Fhont  of  tiik 

ClIOBOID   OOAT    WITH    ITS   CrUAHV    FBO- 
re-£B),   AND  THE  BACK  OF  THi:   iRIS. 

a.  Hntcrfor  plcrt*  of  the  rhoroiil  ncMit ; 
b,  ciliary  proceBBen;  c.  irii ;  d,  sphincter 
of  tbe  jnipll ;  «,  bundles  of  fliwes  of  the 
dilator  of  Ibe  pupil. 


PHYSIOLOGICAL    ANATOMY    OF    THE    KYK. 

opeDiDgs  for  the  pa&iiige  of  the  iierve-filumeDts.  One  of  these  openings, 
which  is  relatively  liirj^e,  givps  patwage  tv)  the  arl-erin  centrals  retina.  Sur- 
rounding this  point  uf  eutraiice  of  the  optic  nerve  are  many  small  openings 
for  the  passage  of  the  ciliary  nerves  and  vessels.  The  internal  surface  uf  the 
sclera  tontains  some  pigment  granules.  It  is  separated  from  the  choroid  coat 
by  a  delicate  flocculent  cellular  tissue,  culled  the  lamimifugcn. 

The  choroul  cofii  is  a  vascular  membrane  containing  some  pigment-granules. 
The  external  portion  is  compo&eil  princ)|mily  of  bloodvessels  and  nerves. 


SCXTIOM  or  THE   lII.IAHV    RUi.lON   OK  TlIC   EYE  IN   MaM. 

a.'nwridloaiil  muKruUir  fiunlcull  of  the  muicutu!i  vilUrlH;  b,  deepereeated  imdlatii^r  fitsclculi; 
e,  €.  r.  annular  ptexu>:  ii,  annular  inuficle  »T  Sliiller ;  /,  utiiM'utar  lamina  on  tho  pnterior  inrfkoa 
of  UkC  Irii :  17.  iniucuUr  plexus  at  Itic  cllLary  border  of  the  iris ;  c,  annular  tendon  of  Ibe  mn«colna 
olUarls;  A,  Ugamentutn  |)«ctlrmtuin. 

Between  the  vessels  are  found  numerous  stellate  pigmcDt-ccllB,  which  form  a 
fibrous  network.  The  intenial  surface,  where  it  is  adjoined  to  the  pigment 
Jayer  of  the  retina,  alsi>  contains  pigment-cells.  Posteriorly  it  is  pierced  by 
the  optic  nerve;  anteriorly  it  is  continuous  with  the  ciliary  processes,  and  w 
'ated  from  the  sclerotic  coat  by  the  ciliary  mxude. 


Fl«.  2lfl. 
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UcscvLAK  frrmccTuaK  or  thk  Iiua  or  x  Wnm  RAitnrr. 
a,  iiihluoter  of  ib«  piipn ;  b,  6,  nullailnf  fluwtruu  of  dilator  muMile :  c.  e,  counectlnc  Haiuo  with 

Its  corpuscles. 

The  ciliary  procf^eji  are  arranged  in  the  form  of  a  ring.     They  consist  of 
about  sixty  to  eighty  somewhat  conical-shaped  bodies,  situated  with  their 
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FlO.  217. 


internally.  (Fig.  214.)  They  are  placed  posterior  to  the  trM,  and  are 
attached  by  their  thickened  or  iaternal  extremities  to  the  /nigprnaoTy  Hgrnnrnt 
of  the  lens. 

The  ciliary  muede  arises  irum  the  point  of  junction  of  the  sclerotic  coat 
and  the  cornea.  It  consists  of  two  portions — a  radiating  or  meridional,  and 
a  circular  Ittyer.  The  radiating  fusciculi  are  situated  externally,  and  have  a 
meridional  direction.  (Fig.  21.3.)  From  this  layer  numerous  fasciculi  inter- 
lace between  the  fasciculi  of  the  circular  layer,  which  occupies  an  internal 
position  to  the  radiating  layer.  The  ciliary  muscle  is  inserted  int«  the, 
external  surface  of  the  anterior  portion  of  the  choroid  coat,  the  fibres  extend- 
ing  somewhat  posterior  to  the  anterior  margin  of  the  retina.  This  muscle  is 
a  very  irajwrtanl  factor  in  the  mechanism  of  accommodation. 

The  irh  is  a  fibro-muscular  curtain  which  is  suspended  between  the 
cornea  and  the  crystalline  lens.  It  is  attached  by  its  circumference  to  the 
internal  wall  of  the  sinus  c.  iridis.  In  it«  centre  is  a  round  perforation  called 
the  pupil,  which  is  sus(.^])tible  of  considerable  variations  in  size.  This  mem- 
brane IS  composed  of  a  tihro-connective  tissue  having  a  general  radiating 
direction  from  the  pupillury  border.  Within  this  tissue  are  found  pigment- 
cells  and  unstriated  musruhir  tissue.  The  muscular-tissue  clement  consistB 
of  radiatimf  and  circular  fasciculi-  (Fig.  216.)  The  circular  fa^iculi  form 
a  sphincter  at  the  pupillary   margin  ;   the  radiating  fasciculi  nidiate  from 

the  sphincter  to  the  circumference.  At  the 
circumference  of  the  iris  the  membrane  lining 
the  anterior  chamber  forms  fibrous  procea»e«,j 
which  arc  termed  the  lif/amentum  iri'fi-ti  pectw' 
iiijfum.  The  posterior  surface  is  covered  with 
a  i>igtne«tary  layer,  which  is  a  continuation  of 
the  pigment  layer  of  the  retina. 

Tlie  retina  or  third  coat  consists  nC  two  por- 
tions: the  pigmentary  membrane  and  terminal 
elements  of  the  optic  nerve.  The  pxgmcuiftry 
membrane  or  external  layer,  which  has  l>een 
called  the  system  of  the  «rea,  covers  the  whole^ 
of  the  internal  surface  of  the  ciliary  pr< 
the  iris,  and  the  choroid.  It  consists  of  a  single) 
layer  of  hexagonal  nucleated  pigment-cell 
(Fig.  217)  of  a  dark-brown  color.  From  the 
internal  surface  of  this  membrane  delicate 
fibres  are  continued  between  the  cellular  ele- 
ments of  the  nervous  layer.  It  is  frequently 
dissected  with  the  choroid  coat,  and  .<4poken  of 
as  one  of  its  laminie.  The  color  of  the  iris  in 
diUereut  individuals  is  dejiendent  upon  the 
denriity  of  the  Hbro-counective  tissue  anterior 
to  the  nvtYi,  and  to  the  amount  of  pigment  granules  in  it.  In  persons  with 
dark  eyes  the  pigment  in  this  tissue  is  relatively  more  abundant. 

The  intermil  or  nervout  layer  of  the  retina  is  composed  essentially  of  the 
terminal  nerve  elements  of  the  optic  nerve.  Externally  it  ia  covered  witli. 
the  pigmentary  layer;  internally  it  is  lined  by  a  homogeneous  transpareni 
structure  called  the  htfaloid  membrane.  The  structure  of  the  retina  is  one 
of  great  complexity.  It  consists  of  nine  distinct  layers,  seven  of  which  are 
layers  of  nerve  elements.  All  of  these  layers  are  bound  together  and  sup- 
ported by  a  connective  ti^ue  which  contains  bloodvessel.'*.  This  layer  ex- 
tends from  the  entrance  of  the  optic  nerve  to  a  pi^inl  w*here  the  anniilai 
fasciculi  of  the  ciliary  muiicle  are  found ;  at  this  point  the  nervous  element 


PrOMB>T-CBUil  or  THE  Ktkbau.. 

(KrtLUKEB.) 

A,  nuulfied  pliirroent-celtfi  of  the 
ohnroid  cnat;  n,  ftt>nt  rtew  of  tbe 
bexAcoDol  cells  rtf  tho  plgraentaiy 
invrobrmne. 
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to  exist,  and  tbe  layer  baa  an  irregular  dentated  mar^n  called  the 
0miffn*ata.  'Baynnd  this  the  nervous  layer  is  coiuiniied  as  u  mere  fibrous 
extenuation. 

The  optic  nerve  pierces  the  sclerotic  and  the  cbopoid  coats,  and  the  pig- 
mentary membrane  of  the  retina,  when  it  rapidly  divides  into  vast  numbers 
uf  tibreSf  which  coneist  alone  of  the  axis-cylinders  or  their  ultlmaie  Hbrillffi. 
This  layer  of  fibres  is  continuous  over  nearly  tbe  whole  of  tbe  internal 
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Fit..   'J1S.— Duni|.jtMHiTIC    RErHRRKSTATJOX    OP    THE    CONNECTIOXS  OF  THK  NEKTK-nSHta    IS    THE 

KrriNA.  1,  mvmt'raiiA  llmluiiiB  interna:  u.  o|>tiv  tierve~libi«  layer:  3.  layer  or  ^anirUon  colli;  4.  !»• 
Unial  Kmnulalcdor  molticuUr  layer:^.  Internal  gimDutv  layer:  5, external  gmnu1al«d  or  molecalar 
l»yer;  7,  external  yratialc  layer;  9,  membnuia  Umltans  extorior;  9,  bacillary  layer,  or  layer  of  roda 
and  cones. 

KiG.  '.Mf*.— Kou  Aifl>  CONK  rsoM  THE  Kktiiva  ov  Man,  preserved  In  a  iwu  |«r  cent,  itolutlon  of 
peraenilc  acid  lo»tio\r  the  line  tlbmof  tbeaur&ce,  aadtbediOerent  lengttuiorthe  tntertial  witmetU. 
Tbe  outer  Moment  of  the  cone  U  bruken  up  into  disks,  wblcb,  however,  are  sUU  adberent  to  one 
anoClttir ;  at  Uie  base  of  tbe  oone  are  aeeu  a  few  Ane  haln.    ( >  1000  dlameten.) 

Fiu.  Z^f).— PtAGtt  \HUAnc  RKrnniRifTATioN  or  the  Oonnkitivk  Tibvi:  akd  Uai>ial  KiBRDi  or 
UCuxn  UP  THE  KcTiNA  Aj)  ScKK  NiLAK  THE  Ora  Serrata-  Tbe  numbeis  ooiTapoud  til  Uioae  of 
the  ferera]  layers  of  the  retUia  shown  In  Fig.  21&. 


sarface,  and  is  called  the  second  or  optic  nerve-fibre  Inyer,  On  its  internal 
surface,  between  it  and  the  hyaloid  membrane,  is  a  delicate  structure  called 
XhefirM.  layer,  or  mx^mbraua  (imltauA  interna.  The  third  or  fjatu/lion  latjer  is 
compoeed  of  multipolar  ganglion  cells,  similar  to  those  found  in  tbe  cerebml 
substance.  In  the  iwislerior  portion  of  the  retina  these  ganglion  cells  are  in 
•everal  layers:  at  the  macula  iutea  there  are  as  many  as  eight,  and  at  tbe 
anterior  portion  uf  the  retina  there  is  but  a  single  layer.  From  each  of  these 
cells  fibres  are  continued  to  the//Wi  or  internal  (framde  layer,  which  consists 
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of  grauular  ctrlls  with  nuclei.  Between  the  third  and  fifth  layer*  it  a  laver 
of  veeiculHr  matter  containin}^  nerve- fihrile  of  extreme  luinutenaa.  Thia 
layer  is  the  fourth  or  iuteriial  ^jmnuhited  or  mofecutnr  iai/rr.  Thtt  MxtM  oT 
external  fjrauulattti  or  mo/t:eu/nr  laj/er  consists  of  pumllrl  iii(erla<wl  ffbr«i^ 
oontntniii^  nuclei  und  smooth  oelln.  The  nrventh  or  esirmnl  r^nmuU  lamer  is 
very  niinilar  U\  the  fifih.  The  eif/fttU  layer  consifit^  i>f  a  drlii^aU  iii«iBDr»B« 
of  connective  tia»uo,  called  the  mertibmua  limiinn*  fxicnui.  The  ninth  or. 
httcillnnj  hiyti\  nr  latjer  of  t'oih  and  rottfjt,  or  Jiirob*»  mrmhranr,  U  co<npo«0d' 
of  twu  eleaieutti,  (he  rmi/^  and  conrf,  Thei«e  layen^  are  euppotttd  br  ooo^ 
ne<!tive  tin^ue  and  a  peculiar  nenrogtial  Mructure  known  aa  Uie  rttdm  jO^tB 
of  M'uiler,  (Fi^^  220.)  The  rods  are  cylindricttl  biidic*.  each  oadinf  «Xl«r* 
Daily  in  a  truncated,  fattened  extremity,  and  intornally  aa  an  ■»auuat»d 
tihre,  which  prolmhty  communicates  with  the  deeper  layer  of  gaoj^lioo  oelli* 
The  eonetf,  a»  their  names  indicate,  are  conical -aba  (»od  bfxliea.  £ach  ctvoaitHM 
of  two  portions,  a  conical  body  having  projecting  from  its  apex  m  rod-Ute 
•egment,  which  appears  in  all  respects  like  the  roda.  This  segTUcnt  ia  calM 
the  cone  rod.  The  terminal  extremitira  of  the  cone  rodi  do  not  extend  wm 
far  externally  as  the  extremiiiee  of  the  rods.  The  nwls  and  oonea  liaT« 
demitustrated  to  consist  of  two  aegnients  ur  linib»,  which  are  ocNopand 
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fihimentA,  granular  mutter,  aud  nuclei.     The  outer  limb  of  tbe  rod* 

a  pinkish  pigment  known  as  "  visual  purple/*  which  ia  extremely  aeniiciv*' 

to  light. 

The  opu'c  nerve,  where  it  pieroen  the  coata  of  the  eye.  prqfrr'-  *-  - 
licyond  tlie  surface  of  the  retina,  as  a  popilla;  here  the  rawnt 
mentd  of  the  retina  are  absent,  and  lumimius  rays  are  unperoeivL^i. 
it  if  vallwi  the  Otind  *]mt.  '  AI>t>uL  'J.fi  mm.  vxteruul  to  the  poiat  of 
of  the  opiir  ni^rvc,  and  in  the  oxact  centre  t>f  the  reiii 
ing  to  the  antrro-iMwterior  axis  of  the  eye,  is  the  "  '. 
ring"  or  mijruta  fuUa,     (Fig.  *22l.)     It  is  an  ellipti-  i  Hf^  h«i 

its  long  diameter  transverst*.     In  the  centre  of  the  ta  a  m  a  ^i 

siou  ealle»J  thc/oiv«7  rnitraiU.     At  this  |w»inl  the  nrr-.  tba 

10  very  much    m<}difie<t    in    the   coni|MR«ition   of  the  .  *'i^ 
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nervous  layer  is  much  thicker  than  at  any  other  part  of  the  menobrane. 
The  ganglion  (Mm/)  and  external  grnnnlaied  (yi'xM)  layers  are  even  more 
thickened.  The  gnnglion  hiyer  consists  of  six  or  eight  laminie  of  celU.  The 
Tmh  of  the  ninth  layer  are  absent,  and  are  replac^ed  by  cones.  In  the/oi'fa 
cenlvalU  the  internal  granulated  i  fonrtfi),  the  internal  granule  (f/th),  and 
the  optic  nerve-fibre  i/eroud)  layera  are  wanting.  The  ganglion  cell  {third) 
the  external  granulated  (>;>//j),  and  the  exlemal  granule  (^seventJt)  layers  are 
increased  in  thickness.  The  ganglion  layer  of  cells  in  the  fovea  consists  of 
three  lamiiue.  In  all  portions  of  the  nervous  layer  the  rods  gretitly  predomi- 
nate in  number  over  the  conea,  excepting  in  the  macula  iutea,  where  they 
are  entirely  absent.  The  retina  is  much  thicker  posteriorly,  becoming  thinner 
as  it  extends  forward  ;  the  nervous  layer  gradually  disappearing  in  the  ante- 
rior portion  of  the  membrane. 

The  interior  of  the  eveball  is  divided  into  two  portions  by  the  crystalline 
lens  and  it«  suspensory  figaiuent.  The  anterior  portion  contains  the  a^jueoite 
humor,  the  posterior  contains  the  vitreous  body. 

The  rrtjittftlfine  /^/m  measures  about  7  mm.  in  transverse  diameter,  and 
about  4  mm.  antero-posterior  diameter.  It  is  a  transparent  biconvex  body, 
somewhat  flattened  anterioHy.  It  consists  of  a  number  of  segments  which 
radiate  from  the  centre,  similar  to  the  segments  of  an  orange.  These  seg- 
ments are  composed  ot  su[>erim|X)6ed  lamime  of  varying  density.  The  most 
superficial  are  soft  and  gelatinous;  the  deeper  are  relatively  hard,  so  that 
they  form  a  kernel  or  nucleus.  The  lamina*  are  made  up  of  parallel  fibres, 
with  an  undulating  course,  the  convexities  and  concavities  of  the  adjoining 
6bres  fitting  accurately  into  each  other.  The  lens  is  covered  with  a  capsule 
consisting  of  a  transparent,  elastic,  fragile  membrane,  which  has  a  tendency 
to  curl  up,  with  its  external  surface  innermost. 

The  fUJtpeui'anf  Utfameni  of  the  lens  is  formed  by  a  continuation  of  the 
hyaloid  membrane  which  lines  the  viti-eous  body.  The  hyaloid  membrane  is 
a  delicate  transparent  structure  situated  between  the  vitreous  body  and  mem- 
brana  limitans  interna  of  the  retina.  It  is  continued  in  front  to  the  ora 
serrafa,  where  it  divides  into  two  layera.  The  posterior  is  attached  li»  the 
posterior  portion  of  the  capsule  of  the  lens;  the  anterior  portion  gradually 
oecomes  thicker  as  it  extends  forward  behind  the  ciliary  processes,  and  is 
atUiched  to  the  anterior  surface  of  the  capsule.  This  thickened  portion  of 
the  membrane,  which  is  corrugated  where  it  has  attached  the  ciliary*  pro- 
cesses, is  called  the  zone  of  Ziiin.  These  two  layers  constitute  the  suspensory 
ligament.  Between  them  is  a  triangular  canal,  with  its  base'corresponding 
to  the  crystalline  lens.     This  is  called  the  canal  of  Petit. 

The  vitreoitjf  body  is  contained  within  the  cavity  forme<]  by  the  hyaloid 
membrane  and  the  posterior  surface  of  the  lens.  It  consists  of  a  clear,  color- 
less, albuminous  fluid,  having  an  extremely  delicate  interlacement  of  fibres 
extending  in  all  directions  thnmgh  it.  These  fibres  are  not  discernible  in 
the  adult,  but  can  readily  be  seen  in  the  fa?tus. 

The  aqneoiui  humor  is  contained  within  the  space  formed  by  the  posterior 
surface  of  the  cornea,  and  the  anterior  surface  of  the  lens.  The  space,  which 
is  divided  into  two  chambers  by  the  iris,  is  filled  with  a  clear,  colorless, 
limpid  duid  containing  saline  and  proteid  substances  in  solution.  This  fluid 
constitutes  the  aqiieoiu*  humor. 

The  anterior  external  portion  of  the  eyeball,  comprising  the  surface  of  the 
cornea  and  about  6  or  8  mm.  of  the  sclerotic  coat,  is  covered  by  the  conjunc- 
tival mucottfi  membrane.] 
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DioiTBic  Mechanisms. 


The  Formation  of  the  Image, 

§  705,  The  eye  is  a  camera,  consisting  of  a  series  of  surfaces  and  nu-diA 
arranged  in  a  dark  chamber,  the  iris  serving  as  a  diaphragm  :  and  the  object 
of  the  apparatus  is  to  form  on  the  retina  a  distinct  image  of  external  objects. 
That  n  distinct  image  is  formed  on  the  retina  may  be  ascerlaine*!  by  removing 
the  sclerotic  from  the  back  of  au  eye,  and  looking  at  the  binder  surface  of 
the  transparent  retina  while  rays  of  light  proceeding  from  any  external  object 
are  allowed  to  fall  on  the  cornea. 

^  706.  A  dioptric  apparatus  in  its  simplest  form  consists  of  two  media 
separated  by  a  [spherical )  surface  ;  and  the  optical  properties  of  such  au  ap- 
paratus depend  upon  (1 )  the  curvature  of  the  surface,  (2)  the  relative  refrac- 
tive power  of  the  media.  The  eye  consists  of  several  media,  b<junded  by 
surfaces  which  are  approximately  spherical,  but  of  different  curvature.  The 
surfaces  are  all  centred  on  a  line  called  the  optic  art>,  which  meets  the  retina 
at  a  point  siomewhat  above  and  to  the  inner  (nasal)  side  of  the  fovea  cen- 
tralis. In  putting  from  the  outer  surface  of  the  cornea  to  the  retina  the 
rays  of  light  traverse  in  succcwiion  the  cornea,  the  aijueous  humor,  the  kns, 
and  the  vitreous  humor.  Ucfniction  takes  place  at  all  the  surfaces  iMJund- 
ing  these  severRl  media,  but  particularly  at  the  anterior  surface  of  the 
cornea,  and  at  both  the  anterior  and  posterior  surfaces  of  the  lens.  Since 
the  anterior  and  posterior  surfaces  of  (he  corueu  are  parallel,  or  very  nearly 
BO,  the  rays  of  light  would  .suHTer  liitic  or  no  change  of  direction  in  passing 
through  the  cornea,  if  it  were  boumled  on  both  sides  by  the  sanie  medium. 
The  direction  i>f  the  rays  of  light  in  the  a(|uenus  humor  would,  therefure, 
remain  the  same  if  the  cornea  were  made  exceedingly  thin  ;  if,  in  fact,  its 
two  surfaces  were  made  into  one,  forming  a  single  anterior  surface  to  the 
aqueous  humor ;  or,  which  comes  to  the  same  thing  in  the  end,  since  tbe 
refractive  power  of  the  substance  of  the  cornea  is  almost  exactly  the  same 
as  that  of  the  aqueous  humor,  the  refraction  at  the  posterior  surface  of  the 
cornea  may  be  neglected  altogether.  Thus  the  two  surfaces  of  the  corui 
are  practically  reduced  to  one.  The  lens  varies  in  density  in  ditj'erent  jmii 
the  refractive  power  of  the  central  portions  being  greater  than  that  of  the" 
external  layers;  but  the  refractive  power  of  the  whole  may,  without  any 
aerious  error,  be  assumed  to  be  uniform.  The  refractive  [H>werof  the  vilre^iia 
humor  is  almost  exactly  the  same  as  that  of  the  aqueous  humor. 

§  707.  Thus  the  apparently  complicated  natural  eye  may  be  siroplitied  into 
a  "diagrammatic  eye,"  in  which  the  refracting  surfiices  are  reduced  to  three, 
viz.:  (1)  the  anterior  surface  of  the  cornea,  (2)  the  anterior  surface  of  the 
lens  separating  the  lens  from  the  aqueous  humor,  and  (o)  the  posterior  sur- 
face of  the  lens  separating  the  lens  from  the  vitreous  humor.  The  me<Jia 
will  similarly  be  reduced  to  two:  the  substance  of  the  lens  and  the  nqiieoi 
or  vitreous  humor.  This  *'  dingrammatic  eye"  is  of  great  use  in  the  vari< 
calculations  which  become  necessary  in  studying  physiological  optics;  fa 
the  magnitudes  which  are  derived  by  calculation  from  it  represent  the  cur- 
responding  magnitudes  in  an  average  natural  eye  with  sufficient  accuracy  to 
serve  f<ir  all  practical  purijoses.  The  values  adopted  by  Listing  fur  the 
constants  of  this  *' diagrammatic  eye,"  and  to  him  we  are  indebted  for  the 
iutroiiucliou  of  it,  arc  as  follows: 
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Radius  of  curvature  of  cornea 8  miu. 

"  of  anterior  surface  of  lens  .        .  10    " 

"  "  of  i>(w*terior     "  "        .         .         .         .  (i    " 

Hcfractive  index  of  aqueouA  or  vitreous  humor  V^ 

Mean  refractive  index  of  leua |J 

Distance  frutu  anterior  surl'aoe  of  cornea  to  anterior  gurtaoe  of 

lent* 4  mui- 
Thicknesft  of  leu»        4    " 

The  caJculated  position  of  the  principal  posterior  focita,  i.  e.,  the  point  nt 
which  all  rays  falling  on  the  cornea  parallel  to  the  optic  axis  are  brought  to 
a  focus,  ii)  in  the  diagrammatic  eye  14.6470  ami.  behind  the  posterior  surface 
of  the  lens,  or  22.H470  mm.  behind  the  anterior  surface  of  the  cornea. 
That  is  to  aay,  the  fovea  centralis  must  occupy  this  position  in  order  that  a 
distinct  ima^e  cif  a  distant  object  may  be  formed  upon  it.  It  must  l>e 
understood  thai  these  values  refer  to  the  eye  when  at  rest,  i.  «.,  when  it  ia 
not  undergoing  any  strain  of  accommo<]ation. 


h 


Accommodation, 

S  708.  When  an  object,  a  Icos,  and  a  screen  to  receive  the  image  are  so 
arranged  in  reference  to  each  other  ihnt  the  image  falls  upon  the  screen  in 
exact  focus,  the  rays  of  light  proceeding  from  each  luminous  point  of  the 
object  are  brought  into  focus  on  the  screen  in  a  point  of  the  image  corre* 
aponding  to  the  (>(>int  of  the  object.  If  the  object  be  then  removed  further 
away  from  the  lens,  the  raye  pntoeeding  in  a  |)encil  from  each  luminous  point 
will  he  brought  to  a  focus  at  a  \mnt  in  front  of  the  s(-recn,and,  subseijueutly 
diverging,  will  fall  upon  the  screen  as  a  circular  patch  composed  of  a  series 
of  circles,  the  so-called  diffwion  riVc/^jf,  arranged  concentrically  n)uiid  the 
principal  ray  of  the  pencil.  If  the  object  be  removed,  not  further,  but 
nearer  the  lens,  (he  pencil  of  rays  will  meet  the  screen  before  they  have 
been  brought  to  focus  in  a  point,  and  conscfpirntly  will  in  this  ca^e  also 
give  rise  to  diflluMon  circles.  When  an  object  is  placed  before  the  eye,  so 
that  the  image  lulls  into  exact  focus  on  the  retina,  and  the  pencils  of  rays 
proceeding  from  each  luminou.s  point  of  the  object  are  brf>ught  into  focus 
in  points  on  the  retina,  the  sensation  called  forth  is  that  of  a  <]istiuct  image. 
When,  on  the  contrary,  the  <»bjec't  is  too  far  away,  so  that  the  focuH  lies  in 
front  of  the  retina,  or  tfio  near,  so  that  the  focus  lies  behind  the  retina,  and 
the  pencils  fall  on  the  retina  not  as  |K>inte,  but  as  systems  of  dlHusion  circles, 
the  sensation  produced  is  that  of  an  indistinct  and  blurred  image.  In  order 
that  objects  both  near  and  distant  may  l>e  seen  with  eijual  distinctness  by 
the  same  dioptric  apparatus,  the  focal  arrangement-H  of  the  apjmratus  must 
be  orcomnwdaftd  to  the  distance  of  the  object,  either  by  changing  the  refrac- 
tive power  of  the  lens,  or  by  altering  the  distance  between  the  lens  and  the 
screen. 

§  709.  That  the  eye  does  possess  such  a  power  of  accommodation  is  shown 
by  every  day  experience.  If  two  needles  be  fixed  upright  some  two  feet  or  so 
apart  into  a  long  piece  of  wood,  and  the  woo<l  be  hehl  btfore  the  eye  so  that 
the  needles  are  nearly  in  a  line,  it  will  he  fr)und  that  if  attention  be  directed 
to  the  far  m'edle,  the  near  one  ap|)e«r!i  blurred  and  indistinct,  and  that  con- 
ersely,  when  the  near  one  is  distinct,  the  far  one  ap{>eiin!>  blurrdl.  By  an 
effi^rt  of  the  will  we  can  at  pleasure  make  either  the  far  one  or  the  near  one 
distinct ;  but  uot  biuh  at  the  same  time.  When  the  eye  is  arrange^i  w>  that 
the  far  nee<llc  ap[>ears  distinct,  the  image  of  that  neetlle  falls  exactly  on  the 
rotina,  and  each  pencil  from  each  luminous  point  of  the  needle  unites  in  a 
point  upon  the  retina;  but  when  this  is  the  case  the  focus  of  the  near  uee<lie 
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lies  behind  the  retiua,  and  each  pencil  from  each  luminous  point  of  this 
needle  fulls  upou  the  retiua  in  a  eeries  of  did'usion  circles.  Similarly,  when, 
the  eye  ia  arranged  so  that  the  near  needle  is  distinct,  the  image  of  thi 
needle  falls  upon  the  retina  in  such  a  way.  that  each  pencil  of  rays  from 
each  luminous  point  of  the  needle  unites  in  a  point  on  the  retiua.  while  each 
pencil  from  each  luniinoLia  point  of  the  far  needle  unites  at  a  point  in  front 
of  the  retiua,  a^^I  thi'n  diverging  again  falls  on  the  retiua  iu  a  series  of  dif- 
nision  circles.  If  the  near  needle  be  gradually  brought  nearer  and  nearer 
to  the  eye,  it  will  be  found  that  greater  and  greater  etfort  is  required  to  seel 
it  distinctly,  and  at  last  a  [>oint  is  reached  at  which  no  effort  can  make  the 
image  of  the  needle  appear  anything  but  blurred.  The  distance  of  thi« 
point  from  the  eye  marks  the  Hmii  of  accommodutiua 
for  near  objects.  Similarly,  if  the  person  be  short- 
sighted, the  far  needle  may  be  moveu  away  from  the 
eye,  until  a  point,  is  reached  at  which  it  censes  to  he 
seen  distinctly,  and  appears  blurred.  In  the  one  oa«9-J 
the  eye,  with  all  iu  puwer,  is  unable  to  bring  the  image 
of  the  needle  sufficiently  forward  to  fall  ou  the  retina  ; 
the  focus  liee  permanently  behind  the  retina.  In  the 
other  the  eye  cannot  bring  the  image  sufficiently  back- 
ward to  fall  ou  the  retina;  the  focus  lies  peromnently 
in  front  of  the  retina.  In  both  cases  the  pencils  of  raysl 
from  the  needles  strike  the  retina  in  diffusion  circles. 

§  710.  The   same   phenomena   may   be   shown    with 
greater  nicely  by  what  ia  called  Scheiner's  Kspcriment,^ 
If  two  smooth  holes  be  pricked  in  a  card,  at  a  ditttam 
irom  each  other  lesd  Lhau  the  diameter  %ii'  the  pnpilg] 
and  the  card  be  held  up  before  one  eye,  with  the  hoh 
horizontal,  and  a  needle  placeil  \ertica)ly  be  looked 
through  the  holes,  the  following  facts  may  be  observed i 
When  attention  is  directed  to  the  needle  itself,  the  inii 
of  the  nee<lle  appears  single.     Whenever  the  gaze 
directed  to  a  more  distinct  object,  W)  that  the  eye  is  i« 
longer  accommudated  for  the  needle,  the  image  ap| 
double  and  at  the  same  time  blurred.     It  alai>  ap| 
double  and  blurred  when   the  eye  is  accommodateid  for 
a  distant^  nearer  than  that  of  the  needle.      When  only 
one  needle  is  seen,  and  the  eye  therefore  is  properly  ac- 
comnnxlated  for  the  distance  of  the  needle,  no  elfect  is 
produced  by  blocking  up  one  hole  of  the  card,  except 
that  the  whole  field  of  vision  seems  dimmer     When, 
however,  the  image  is  double  on  account  of  the  eye  be»j 
ing  accommodated  for  a  distance  greater  than  (katoi^ 
the  needle,  blocking  the  left-hand  uole  causes  a  ilisap-' 
pearance   of  the   right-hand    or   opposite   image,  and 
blocking  the  right-hand  hole  causes  the  left-baud  image  to  disappear.     When 
the  eye  is  accommodated  for  a  distance  nearer  than  that  of  the  needle^  block- 
ing either  hole  causes  the  image  on  the  same  side  to  vanish.     The  above 
digram  will  explain  how  these  results  are  brought  about. 

Let  a  (Fig.  224)  be  a  luminous  point  in  the  n^le,  and  a  «,  a/ the  extreme 
right-hand  and  lefl-hand  rays  of  the  pencil  of  rays  proceeding  from  it,  and 
passing  respectively  through  the  right-hand  e,  and  letVhaud  /',  holes  in  the 
card.  (The  figure  is  supposed  to  be  a  horizontal  section  of  the  eye.)  Wheo, 
the  eye  is  accommodated  for  u,  the  raytj  c  and/  meet  together  in  the  point  e, 
the  retina  occupying  the  position  of  the  plane  n  n\  the  luminous  point  ap- 
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pears  as  one  point,  and  the  needle  will  appear  aa  one  nee<]le.  When  the  eye 
is  accwnmwlated  for  a  distance  l»e}'4)nd  «,  the  retina  raay  be  considered  to  lie* 
no  louj;er  at  n  ti,  but  nearer  the  leiie,  at  m  m  for  example  ;  the  rays  u  e  will 
cut  this  plane  &t  p,  and  the  ravs  (i/at  q  ;  hence  the  hiniinnue  point  will  no 
longer  apjiear  single,  but  will  be  seen  as  two  points,  or  rather  as  two  systems 
of  difluaiou  circles,  and  the  single  neeiile  will  appear  as  twu  blurred  needles. 
The  rays  passing  through  the  right-hand  hole  f,  will  cut  the  retina  at  p — i.  c, 
on  the  right-hand  side  of  the  optic  axis ;  but,  aa  we  shall  see  in  speaking  of 
the  judgments  pertaining  to  vision,  the  image  on  the  right-hand  side  of  the 
retina  is  teferretl  by  (he  mifid  to  an  object  on  the  ]eft-han<l  side  of  the  ner- 
»on  ;  hence  the  aflection  of  the  retina  at  />,  produced  by  the  rays  a  e  falling 
on  it  there,  gives  rise  to  an  image  of  the  spot  */  at  I\  and  similarly  ihe  left- 
hand  spot  (/  corresponds  to  the  right-hand  f/.  Blocking  the  lefl-hand  hole, 
therefore,  causes  a  disappearance  of  the  right-hand  image,  and  vice  vmraa. 
Similarly,  when  the  eye  is  accommodated  for  a  distance  nearer  than  the 
needle,  the  retina  may  be  supposed  to  be  removed  lo^  /.and  the  right  hand  ae 
and  left-hand  a  /rays,  after  uniting  at  r,  will  diverge  again,  and  strike  the 
retina  at  p'  and  (/.  The  blocking  of  the  hole  e  will  now  cause  the  disap- 
(>earance  of  the  image  rf  on  the  lefi-hand  Aide  of  the  retina,  and  this  will  be 
referred  by  the  mind  to  the  right-hand  ^idtf.  so  that  <^  will  seem  to  vanish. 

If  the  needle  be  brought  gradually  nearer  and  nearer  tu  the  eye,  a  i>oint 
will  be  reached  within  which  the  image  is  always  double.  This  ptink  marks 
with  considerable  exactitude  the  near  limit  of  accommodation.  With  short- 
sight^  persona,  if  the  needle  he  removed  further  and  further  away,  a  point  is 
reached  beyond  which  the  image  is  always  double ;  this  marks  the  far  limit 
of  accomm(Hlati(m. 

The  experiment  may  also  be  performed  with  the  needle  placed  horizontallj, 
in  which  case  the  holes  in  tne  card  should  be  vertical. 

The  adjustment  of  the  eye  for  near  or  far  distances  maybe  assisted  by 
using  two  needles,  hug  near  and  one  far.  In  this  case  one  needle  should  be 
vertical  and  the  other  horizontal,  and  the  ciird  turned  round  so  that  the 
holes  lie  horizontally  *>r  vertically  according  to  whether  the  vertical  or 
horizontal  needle  is  being  made  to  appear  double. 

§  711.  In  what  may  be  regarded  as  the  normal  eye,  the  eo-called  emme- 
tropic eye  [Fig.  225].  the  near  limit  of  accommodation  is  about  10  or  12  cm. 

.  [Flo.  225. 
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and  the  far  limit  mny  be  put  for  practical  purposes  at  an  infinite  distance. 
The  "  range   of  distinct  vision,"  therefore,  for  the  emmetropic  eye  is  very 

treat.  In  the  myopic,  or  short-sighted  eye  [Fig.  2*J6]  the  near  limit  ia 
rought  much  closer  (5  or  6  cm.)  to  the  cornea  ;  ami  the  far  limit  is  at  a 
variable,  but  not  very  great  distance,  so  that  the  rays  of  light  proceeding 
from  an  object  not  many  feet  away  are  brouefat  to  a  focus,  not  on  the  retina, 
but  in  the  vitreous  humor.     The  range  of  distinct  vision  is,  therefore,  in  the 
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ftnd  not  by  au  altemUoii  iu  the  imnUUuu  uf  the  niUM ;  bul  for  ooov«aiaoe«  Mt«.  w«  mmy  here  lup- 
pc^  too  retina  to  be  moved. 
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myopic  eye  very  limited,  Iq  the  hypervwtropic  [Fig.  227],  or  long-sights 
eye,  the  rays  of  light  coming  from  even  on  infinite  distance  arc,  in  the  pas- 
aive  state  of  the  eye,  brought  to  a  focus  beyond  the  retina.  The  near  limit 
of  accommodatiuu  is  at  some  dietauce  otiT,  and  a  far  limit  of  accommodation 
does  not  exist.  The  presbyopic  eye,  or  the  lonj;:  sight  of  old  people,  resembles 
the  hypermetropic  eye  in  the  distance  of  the  near  point  of  accommodatioo, 
but  diners  from  it  inasmuch  as  the  former  is  an  essentially  defective  condi- 
tion of  the  accommodation  mechanism,  whereas  in  the  latter  the  power  of 

[Fio.  2M. 
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accommodatiun  may  be  good,  and  yet,  from  the  internal  arrangements  of  the 
eye,  be  unable  ta  bring  the  image  of  a  near  object  on  to  the  retina.  When 
a  normal  eye  becomes  presbyopic,  the  far  limit  may  remain  the  same,  but 
since  the  power  of  accommodating  for  near  objects  is  weakened  or  lost,  the 
change  is  distinctly  a  reduction  of  the  range  of  distinct  vision.  In  the  nor- 
mal emmetropic  eye,  wtien  no  effort  of  accommodation  is  made,  the  principal 
focus  of  the  eye  lies  on  the  retina,  in  the  myopic  eye  in  front  of  it,  and  in 
the  hypermetropic  eye  behind  it. 

[Fio.  227. 
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§  712.  Meclianism  of  accommodation.  In  directing  our  attention  from  a  Ua 
to  a  very  uear  object,  we  are  conscious  of  a  distinct  effort,  and  feeKthat  some 
change  has  taken  place  in  the  eye  ;  when  we  turn  from  a  very  near  to  a  far 
object,  if  we  are  conscious  of  any  change  in  the  eye,  it  is  one  of  a  different 
kind.  The  former  is  the  sense  of  an  active  accommodation  for  uear  objects  ; 
the  latter,  when  it  is  felt,  is  the  sense  of  relaxation  after  exertion. 

Since  the  far  limit  of  an  emmetropic  eye  is  at  an  infinite  distance,  uo  such 
thing  as  active  accommodation  for  far  distances  need  exist.  The  only  change 
that  will  take  place  in  the  eye  in  turning  from  near  to  far  objects  will  be  a  mere 
paseiveundoingof  theaccommodutiou  previously  madefor  the  near  object.  And 
that  no  Buch  active  accommodation  for  far  distance  takes  place  is  shown  by  the 
facts — that  the  eye,  when  opened  after  being  closed  for  some  time,  is  found  not 
in  medium  state,  but  adjusted  for  distance;  that  when  the  acconimodaUon 
mechanii^m  of  the  eye  is  paralyzed  by  atropine  or  nervous  disease,  the  aocooa- 
modation  for  distant  objects  is  unaffected  ;  and  that  we  are  couacittus  of  no 
effort  in  turning  from  moderately  distant  to  far  distant  objects.  The  senae 
of  effort  often  spoken  of  by  myopic  persons  as  being  felt  when  they  at- 
tempt to  see  things  at  or  beyond  the  far  limit  of  their  range  seems  to  ariae 
from  a  movement  of  the  eyelids,  and  not  fn)m  any  internal  changes  taking 
place  iu  the  eye. 
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5  713.  What,  then,  are  the  changes  which  tiike  place  in  the  eye,  when  we  ac- 
commodate for  near  objects  'i  It  might  be  thouj^ht,  and,  iufioed,  once  was  thought 
that  the  curvature  of  the  cornea  was  changed,  becoming  more  convex,  with 
a  shorter  radius  of  curvature,  for  near  object«.  Young,  however,  showed 
that  accommodation  took  place  as  usual  when  the  eye  (and  head)  is  immersed 
in  water.  Since  the  refractive  powers  of  aqueous  humor  and  water  are  very 
nearly  alike,  the  cornea  with  its  parallel  surfaces,  placed  between  these  two 
fluids,  can  have  little  or  no  effect  on  the  direction  of  the  rays  pacing  throuf^^h 
it  when  the  eye  is  immersed  iu  water.  And  accurate  measurements  of  the 
dimensions  of  an  image  on  the  cornea  have  shown  that  these  undergo  no 
change  during  accommodation,  and  that  therefore  the  curvature  of  the 
cornea  is  not  altered.  Nor  is  there  any  change  iu  the  form  of  the  bulb  ; 
for  any  variation  in  this  would  necessarily  produce  an  alteration  in  the 
curvature  of  the  cornea,  and  pressure  on  the  bulb  would  act  ittjuriously  by 
rendering  the  retina  anit'mic  and  so  less  sensitive.  In  fact,  there  arc  only 
two  changes  of  importance  which  can  be  ascertained  to  take  place  in  the 
eye  during  accommodation  for  near  objecta. 

One  ia  thrtt  the  pupil  contracts.  >V  heii  we  look  at  near  objects,  the  pupil 
becomes  small ;  when  we  turn  to  distant  objects,  it  dilatei^.  This,  however. 
cannot  have  more  than  an  indirect  influence  on  the  formation  of  the  image; 
the  chief  use  of  the  contraction  of  the  pupil  in  accommodation  for  near 
objects  is  to  cut  o(V  the  more  divergent  circumferential  rays  of  light. 

§  714.  The  other  aud  really  efficient  change  is  that  the  anterior  surface  of 
the  lens  becomes  more  convex.  If  a  light  be  held  before  the  eye,  three  reflected 
images  may,  with  care  and  under  pro])er  precautions^  Ik  seen  by  a  bystander ; 
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one  a  very  bright  one  caused  by  the  anteriorsurface  of  the  cornea  (a ),  a  second 
leas  bright,  by  the  anterior  surface  of  the  lens  (b),  and  a  third  very  dim,  by  the 
posterior  surface  nf  the  lens  (c)  ;  when  the  images  are  those  of  an  object,  such 
as  a  candle,  iu  which  a  lop  and  bottom  can  be  recojmi^ed,  the  two  former 
images  are  seen  to  l>e  erect,  but  the  third  inverted.  When  the  eye  is  accom- 
modate<l  for  near  objects,  no  change  is  oh^rved  in  either  the  first  or  the 
thirrl  of  these  images ;  but  the  second,  that  from  the  anterior  surface  of  the 
lens,  is  seen  to  become  distinctly  smaller,  showing  that  the  surface  has  become 
more  ctmvex.  When,  on  the  contrary,  vision  is  directed  from  near  to  far 
objects,  the  image  from  the  anterior  surface  of  the  lens  grows  larger,  indi- 
cating that  the  convexity  of  the  surface  has  diminished,  while  no  change 
takes  place  in  the  curvature  either  of  the  cornea  or  of  the  posterior  surface 
of  the  lens.  And  accurate  measurements  of  the  size  of  the  image  from  the 
anterior  surface  of  the  lens  have  shown  that  ttie  variations  in  curvature 
which  do  take  place  are  sufficient  to  account  fur  the  power  of  aoconimodatioa 
which  the  eye  poasesacs. 
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•  The  obeervation  of  tlieee  reflected  images  is  facilitated  by  the  simple  instrument 
introduced  by  Helmbolt£  and  called  a  pbukoticope.  It  con^sts  of  a  .sqiaII,  dark 
chamber,  with  apertures  for  the-oKserved  and  observing  eyes;  a  needle  is  fixtsd 
at  a  short  distance  in  fnint  uC  the  former,  to  serve  as  a  near  object,  for  which 
aooommodation  lias  lo  be  made :  and  a  lamp  or  candle  is  bo  disponed  as  to  throw 
an  image  on  each  of  the  three  surfaces  oi'  the  observed  eye.  Since  the  distance 
between  two  images  is  more  readily  npprectuted  than  is  u  simple  change  of  size 
of  a  sitigle  image,  two  prisuir^  are  employed  su  as  to  throw  a  double  image  of  (he 
lampou  each  of  the  three  surfaces  [Fig.  228.  B,  C]  Wien  the  anterior  surface  of  the 
lens  becomes  more  convex  the  two  images  reiieciod  from  that  surface  approach  each 
other  (C),  when  it  becomes  less  convex  they  retire  from  each  other  (B). 


These  observations  leave  no  doubt  that  the  essential  change  by  which 
BccnmmodatioQ  is  efltcted,  is  an  aheration  of  the  convexity  of  the  anterior 
surface  of  the  lena.  And  that  the  lens  is  the  njj;ent  of  accommodation  i^ 
further  shown  by  the  fact  that  after  removal  of  the  lens,  as  in  the  oi>eration 
for  cataract,  the  power  of  accommodation  in  lost.  In  the  cases  which  have 
been  recorded,  where  eyes  from  which  the  lena  had  been  removed  seemed 
still  to  po^so^s  some  accommudiitiou,  we  taust  suppose  that  no  real  accommo- 
dutiou  took  place,  but  that  the  pupil  contracted  when  a  near  object  was 
looked  at,  and  so  assisted  in  making  vision  more  distinct. 

Sj  71fi,  This  increase  of  the  convexity  of  the  lens  has  been  supposed  to  be  due 
to  a  compression  of  the  circumference  of  the  leas  by  a  contraction  of  the  iris  ; 
but  this  is  disproved  by  the  fact  that  accoramodatiou  may  take  place  in  eyes 
from  which  tne  iris  is  congenitally  absent.  It  has  al8i>  been  attribute<l  to 
vasomotor  changes,  to  increased  fulneas  of  the  vessels  of  the  iris  or  ciliary 
procesaee,  surrounding  the  lens;  but  this  also  is  disproved  by  the  fact  that 
accommodtuiou  may  be  efl'ected,  after  deatli  iu  an  eye  which  is  practically 
bloodless,  by  Biimulating  the  ciliary  ganglion  or  ciliary  nerves  with  an  inter- 
rupted current  or  by  other  means.  The  real  nature  of  the  mechanism  seema 
to  be  as  follows. 

^  716.  The  lens  when  examined  after  removal  from  the  eye  is  found  to  be  a 
body  of  considerable  elasticity.  When  the  curvature  of  the  anterior  surface  of 
the  lens  is  determined,  as  may  be  done  by  appropriate  means,  in  its  natural 
position  in  the  eye  at  rest,  and  then  agaiu  determined,  after  the  lens  has  been 
removed  from  the  eye,  the  anterior  surface  is  found  to  be  more  convex  in  the 
latter  than  in  the  former  cjise.  There  seema  to  be,  in  the  eye  in  its  natural 
condition,  some  agency  at  work,  keeping  the  anterior  surface  of  the  lens 
somewhat  flattened.  Yhe  stispensory  ligament,  attached  to  the  choroid  and 
ciliary  processes  behind,  and  passing  over  the  front  of  the  lens,  is  just  *uch 
a  structure  as  would  produce  this  eflect.  In  the  natural  jMisition  of  the 
choroid  this  ligament  is  tense,  and  tends  to  flatten  the  front  of  the  lens. 
When  the  choroid  is  pulled  forward,  the  ligament  bec(mie«  slack  and  the 
lens  bulges  out  forward.  Further,  the  ciliary  muscle  attached  on  the  one 
band  to  a  fairly  6xed  region,  the  junction  of  the  sclerotic  and  cornea,  and 
on  the  other  to  the  looser  and  more  movable  choroid,  would  naturally,  when 
thrown  into  contraction,  pull  forward  the  choroid  and  so  slacken  the  suspen- 
Bory  ligament,  and  hence  permit  the  elastic  lens  to  bulge  out  forward.  And 
we  have  experimental  evidence,  carried  out  on  lower  animals,  that  stimula- 
tion of  the  ciliary  ganglion  or  of  its  so-called  radix  brevis,  does  lead  on  the 
one  hand  to  a  contraction  of  the  ciliary  muscle  and  pulling  forward  of  the 
choroid,  and  on  the  other  hand  to  an  increased  curvature  of  the  anterior 
surface  of  the  lens.  Hence  we  may  conclude  that  accommodation  for  near 
objects  consists  essentially  in  a  contnu'tion  of  the  ciliary  muscle,  which,  bv 
pulling  forward  the  choroid  coat  and  the  ciliary  process,  slackens  the  stispen- 
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8orv  ligament,  and  allowa  the  lens  to  bulge  forward  by  virtue  of  ita  elasticity, 
and  so  to  increase  the  convexity  of  ite  anterior  surface  [Figs,  229  and  230]. 
Accommodation  is  in  most  cases  a  voluntary  act;  since,  however,  the 
change  in  the  lens  is  always  accompanied  by  movements  in  the  iris,  it  will 
be  convenient  to  consider  the  latter,  before  we  discuss  the  nervous  mechanism 
of  the  whole  act* 

[Pro.  259. 
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C.  cornM :  5.  sclerotic :  P,  C,  N.  vertJail  plaoe  of  the  coram :  B.  C,  D,  *xl«  of  ibe  eye :  t, ».  cftCftl 
of  Scblcmn  ;  p,  Hnjilu  formed  bjr  the  IrU  ftnd  cornea,  or  m&rgtD  o(  Bnterior  ch«ubcr ;  m,  potllloo 
of  Irti  «iid  ourvnture  of  leni  in  an  eye  oonvorgcd  for  pamllfl  myt,  ilisUiiit  vldou,  ur  nogatiTO 
•eeommodfttlon ;  n.  poaiUon  of  Iris  and  curratare  of  leas  re<]ulrad  Ibr  near  ut^ects,  or  for  positiTa 
aeoonunodaUoo.  1 


Xkhxtbofic  Evk.    Tbe  dotted  lines  ataow  how  aocommodaclon  for  the  dlveivtiiK  nyn  of 
olileeli  is  eflboled  by  the  bulging  of  Itie  lens.    The  dotted  lines  imiieate  the  change  In  the  tens  and 
the  elTtoct  on  the  light  raysj 

§717.  Movemenh  of  the  pupU.  Though  hy  making  the  etforts  required  for 
accommodation  we  can  at  pleasure  contract  or  dilate  the  pupil,  it  is  not  in  our 
power  to  bring  the  will  U>  act  directly  on  tlie  iris  by  itself  This  fact  alone 
indicates  that  the  nervous  mechanism  of  the  pupil  is  of  a  peculiar  character, 
and  such  indeed  we  find  it  to  lie.  The  pupil  is  contracted  (I )  when  the 
retina  (or  optic  nerve)  is  stimulated,  as  when  light  falls  on  the  retina,  the 
brighter  the  light  the  greater  being  the  contraction,  (2)  when  we  accommo- 
date for  near  objects.  The  pupil  is  als  >  contracted  when  the  eyeball  is  turned 
inward,  when  the  aqueous  humor  is  deficient,  in  the  early  stages  of  poisoning 
by  chloroform,  alcohol,  etc.;  in  nearly  all  stages  of  poisoning  by  morphine, 
physoetigmine,  and  some  other  drugs;  and  in  deep  slumber.  The  pupil  is 
dwii^  (1)  when  stimulation  of  the  retina  (or  optic  nerve)  is  diminished  or 
Arrested  as  in  passing  from  a  bright  into  a  dim  light  or  into  darkness,  (2) 
when  the  eye  is  adjusteil  for  far  objects.  Dilatation  also  occurs  when  there  is 
ftD  excess  of  aqueous  humor,  during  dyspncea,  during  violent  muscular  etforts, 
as  the  result  of  a  stimulation  of  sensory  nerves,  as  an  effect  of  emotions,  in 
the  later  stages  of  poisoning  by  chloroform,  etc.,  and  in  all  stages  of  poison* 
ing  bv  atropine  and  some  other  drugs. 

!(  TIS.  Contraction  of  the  pupil  is  caused  by  contraction  of  the  circular 
fibres  or  sphincter  of  the  iris.     Dilatation  is  caused  by  contraction  of  the  radial 
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fibres  of  the  iris ;  for  though  the  exiatence  of  radial  fibre*  has  been  denied  by 
many  olwcrvere,  the  preponderance  of  evidence  ia  clearly  in  favor  of  their 
being  really  present 

Considering  how  vascular  the  irts  is,  it  docs  not  seem  unreasonable  to  in- 
terpret some  «jf  the  variations  in  the  condition  of  the  pupil  as  the  results  of 
simple  vascular  rurgescence  or  of  depletion  brought  about  by  vasomotor 
action  or  utliorwise,  the  small  or  contracted  pupil  corresponding  U*  the  di- 
lated and  tilled,  and  the  large  or  dilated  pupil  to  the  constricted  and  emptied 
couditiou  of  the  bluoil vessels.  Thus  slight  oscillations  of  the  pupil  may  be 
observed  synchronous  with  the  heart-beat  and  others  synchronous  with  the 
respiratory  movements.  But  the  variations  in  the  pupil  seem  too  marked  to 
be  merely  the  etfects  of  vascular  changes,  and  indeed  that  constriction  of  the 
pupil  cannot  be  wholly  the  result  of  turgescence,  nor  dilatation  wholly  the 
result  of  depletion  of  the  vessels  of  the  iris,  is  shown  by  the  facta  that  both 
these  events  may  be  witnessed  in  a  perfectly  bloodless  eye,  and  that  the 
movements  of  the  pupil  when  brought  about  by  agents  which  also  affect  the 
hlocMlvctisels,  begin  some  time  before  the  changes  in  the  calibre  of  the  blood- 
vessels, and  indeed  may  be  over  before  these  have  arrived  at  their  maximum. 
Moreover  the  fibres  of  the  sympathetic,  which,  as  we  shall  see,  are  concerned 
in  causing  dilatation  of  the  pupil,  run  a  somewhat  different  course  from  those 
which  govern  the  bloodvessels  of  the  eye.  We  may,  therefore,  adhere  tn  the 
view  that  the  main  changes  of  the  pupil  in  the  direction  of  narrowing  and 
widening  are  brought  about  by  coutractioua  of  the  plain  muscular  fibres  in 
the  iris. 

§  719,  Muscular  contractions  leading  to  changesof  the  pupil  may  be  observed 
in  the  eye  remove<i  from  the  body,  and  indeed  in  the  extirpated  iris.  The 
plain  muscular  tibres  c)f  the  iris  like  other  plain  muscular  Hbres  are  remark- 
ably sensitive  to  variations  in  temperature.  Besides  this  there  seenia  to  be. 
in  certain  animals  at  leasts  a  connection  within  the  eye  between  the  iris  and 
retina  of  such  a  kind,  that  light  falling  into  an  extirpated  eye  will  lead  lo 
a  narrowing  of  the  pupiL  Putting  aside,  however,  such  exceptional  events 
we  may  lay  down  the  broad  principle  that  contraction  of  the  pupil,  brought 
about  by  light  falling  on  the  retina,  is  a  reflex  act,  of  which  the  optic  is  the 
afferent  nerve,  the  third  or  oculo-motor  the  efferent  nerve,  and  the  centre 
some  portion  of  the  brain  lying  Mow  the  corj^ora  quadrigemina  in  the  front 
part  of  the  floor  of  the  atjueduct  of  Sylvius.  This  is  proved  by  the  follow- 
ing facts:  When  the  optic  nerve  is  divided,  the  falling  of  light  on  the  retina 
no  longer  causes  a  contraction  of  the  pupil.  When  the  third  nerve  is 
divided,  stimulation  of  the  retina  or  of  tlje  optic  nerve  no  longer  caosea 
contraction;  but  direct  stimulation  of  the  j)eripheral  portion  of  the  divided 
third  nerve  causes  extreme  contraction  of  the  pupil.  If  the  region  of  the 
brain  spoken  of  above  as  a  centre  be  carefully  stimulated  contraction  of  the 
pupil  will  take  place  even  in  the  absence  of  light  and  afler  division  of  the 
optic  nerve.  Afler  removal  of  the  same  centre  stimulation  of  the  retina  is 
ineffectual  in  narrowing  the  pupil.  But  if  the  centre  and  its  connections 
with  the  optic  nervf^  aud  third  nerve  be  led  intact  and  in  thoroughly 
sound  condition,  contraction  of  the  [lupil  will  occur  as  a  result  of  light  fall- 
ing on  the  retina,  though  all  other  nervous  parts  l)e  removed. 

§  720.  The  nervous  centre  is  not  a  double  centre  with  two  completely 
independent  halves,  one  for  each  eye ;  there  is  a  certain  amount  of  functional 
communion  between  the  two  sides,  so  that  when  one  retina  is  stimulated  both 
pupils  contract.  It  might  be  imagined  that  this  cerebral  centre  acteil  a«  a 
tonic  centre,  whose  action  waa  simply  increased  not  originated  by  the  stirau- 
lation  of  the  retina;  but  this  is  disproved  by  the  fact  that,  if  the  optic  nerve 
be  divided,  subsequent  section  of  the  third  nerve  produces  no  further  dilatation. 
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tnsiderin^  the 
ouly  with  a  narrowing  ot  the  pupil  ihu 
contraction  of  the  circular  sphincter 
Hbreo,  and  with  the  absence  of  such  a 
narrowing,  but  n\so  wiih  active  dilata- 
tion due  to  a  contraction  of  the  radial 
dilator  fibres,  and  this  renders  the  whole 
matter  much  more  complex  than  might 
be  Buppoaed  to  be  the  caite  from  the 
simple  statement  just  made. 

!»  721.  The  iria  is  supplied,  iu  com- 
mon with  the  ciliary  mucle  and  choroid, 
by  the  abort  ciliary  nerves  (Fig.  231,  ji.c) 
coming  from  the  ophthalmic  or  lentic- 
ular (ciliary)  ganglion  (V  c. )  which  is 
connected  by  its  ro«)t0  with  the  third 
nerve  (r.  A.),  the  cervical  hynipjithetic 
nerve  («/»».),  and  with  the  nasal  branch 
of  the  ophthalmic  division  of  the  iitlh 
nerve  (r. /.).  The  short  ciliary  nerves 
are,  moreover,  accompanied  by  the  long 
ciliary  nerves  {L^.}  coming  from  the 
same  na*al  brauch  o£  the  ophthalmic 
division  of  the  tifth  nerve.  What  are 
the  uses  of  the^  several  nerves  in  rela- 
tion to  the  pupil!:' 

§  722.  If  the  ren'ical  ayrapathetic  in 
the  neck  be  divided,  all  other  [Mirtinns 
of  the  nervouB  mechanism  ln»hig  intact, 
a  contraction  of  the  pupil  (not  always 
very  well  marked)  takes  place,  and  if 
the  peripheral  portion  (i.  i\,  the  upper 
portion  etill  connected  with  the  head) 
lie  stimulated,  a  well-develofted  dilata- 
tion is  the  result.  The  sympathetic  has, 
it  will  be  observed,  an  effect  on  the 
iris  the  opposite  of  that  which  it  exer- 
ciMs  oD  the  bloodvessels;  when  it  is 
stimulated  the  pupils  are  dilated  while 
the  bloodvessels  are  constricted.  This 
dilating  influence  of  the  sympathetic 
may,  as  in  the  case  of  the  vasomotor 
action  of   the  same   nerve,  be   traced 

back  down  the  neck  to  the  upper  thoiacic  ganglion  and  thence  along  the 
rami  communicantes  and  roots  of  the  lower  cer\*ical  and  tir^t  dorsal  or  two 
first  dorsal  spinal  nerves,  to  a  region  in  the  lower  cervical  and  upper  dorsal 
cord  (called  by  some  authors  the  eettintm  eilio'^pinaU  tn/<*r*i«),  and  from 
thence  up  through  the  medulla  oblongata  to  a  centre,  which  appears  to  be 
placed  in  the  floor  of  the  front  part  of  the  aqueduct  of  Sylvius  not  far  from 
and  apimreutly  on  either  side  of  the  centre  for  contraction  of  the  pupil. 

§  723-  The  dilatation  of  the  pupil  which  is  witnessed  in  dyspurea,  and  that 
which  results  from  stimulation  of  sensory  nerves  and  from  emotions,  appears 
to  be  brought  about  by  the  action  of  the  sympathetic,  the  venous  blood,  or 
the  sensory  impulses  or  the  emotional  impulses  so  affecting  the  dilating  ceotre 
afl  to  augment  the  dilating  impulses  proceeding  from  it  along  the  sympa- 
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thelic.  The  eiistence  of  the  subordinate  centre  in  the  cervical  or  dorsat 
cord,  spoken  of  just  now,  ia  supposed  to  be  iudicate<l  by  the  fact  that  after 
division  of  the  niediilla  oblongata,  and  consequent  severance  of  the  efferent 
paths  from  the  centre  in  the  aqueduct  of  Sylvius,  dilatation  of  the  pupil  may 
still  ho  brought  about,  in  »onie  animals  at  least,  by  dyspnfca  or  by  adequate 
stimulation  of  sensory  nerves.  A  question  is  raised  here  in  fact  somewhat 
similar  lo  that  raised  in  connection  with  the  medullar}'  respiratory  centre 
(p.  47*))  ;  and  here  as  there  we  may  probably  conclude  that  the  independent 
action  of  such  a  spinal  centre  is  of  subordinate  importance. 

§  724.  The  pupil  then  seems  to  be  under  the  dominion  of  two  antaeonistic 
mechanisms:  one  a  contracting  mechanism,  reflex  in  nature,  the  third  nerve 
serving  as  the  efferent,  and  the  optic  as  the  aflerent  tract ;  the  other  a  dilat- 
ing mechanism,  apparently  tonic  in  mitnre,  but  subject  tx)  augmentation 
from  various  causes,  and  of  this  the  cervical  sympathetic  ie  the  etiereiit 
channel.  Hence,  whon  the  third  or  optic  nerve  is  divided,  not  only  does 
contraction  of  the  pupil  cease  to  be  manifest,  but  active  dilatation  occurs,  on 
account  uf  the  tonic  diluting  influence  cjf  the  Bymj)alhetic  being  left  free  to 
work.  When,  on  the  other  hand,  the  sympathetic  is  cjivided,  this  tonic 
dilating  influence  falls  away,  and  contraction  resulta.  When  the  optic  or 
third  nerve  \»  stimulated,  the  dilating  effect  of  the  sympathetic  is  overcome, 
and  contraction  results;  and  when  the  sympathetic  is  stimulated,  any  con- 
tracting intluence  of  the  third  nerve  which  may  be  present  is  overcome,  and 
dilatation  ensues. 

§  725.  But  there  are  considerations  which  show  that  the  matter  is  still 
more  complex  than  this.  A  small  quantity  of  atropine  introduced  into  the 
eye  or  into  the  system  causes  a  dilatation  of  the  pufiii.  This  might  be  attrib- 
uted to  a  paralysia  of  the  thinl  nerve, and,  indeed,  it  is  found  that  aft^r  atro- 
pine has  produced  its  effects  the  falling  of  light  on  the  retina  no  longer  causes 
contraction  nf  the  pupil.  A  difficutly,  however,  Ls  introduced  by  the  tact 
that  when  the  third  nerve  ia  divided,  and  when,  therefore,  the  contracting 
effects  of  atimulatinn  of  the  retina  are  placed  entirely  on  one  side,  and  there 
is  nothing  to  prevpiu  the  aynipathelic  producing  its  dilating  effects  to  the 
utmost,  dilatation  is  still  further  increased  by  atropine.  When  physnsiig- 
mine  is  introduced  into  the  eye  or  system,  contraction  of  the  pupil  is  caused, 
whether  the  third  nerve  be  divided  or  not;  and  when  the  dose  ia  surticienhv 
strong  the  contraction  is  so  great  that  it  cannot  be  overcome  bv  stimulation 
of  the  sympathetic.  The  dilatation  which  is  caused  by  a  sufficient  dose  nf 
atropine  may  be  greater  than  that  which  can  ordinarily  be  produce*!  by 
stimulation  of  the  sympathetic,  and  the  contraction  caused  by  a  sufficient 
dose  of  physostigmine  may  be  greater  than  that  which  is  ordinarily  pro- 
duced in  a  reflex  manner  by  stimulation  of  the  optic  nerve,  or  even  tnan 
that  produced  by  direct  stimulation  nf  the  third  nerve.  Evidently  these 
drugs  act  either  directly  on  the  plain  muscular  fibres  of  the  iris  or  on  some 
local  mechanism,  the  one  in  such  a  way  as  to  cause  dilatation,  the  other  in 
such  a  way  as  to  cause  contraction.  Such  a  local  mechanism  cannot,  how- 
ever, lie  in  the  ophthalmic  ganglion,  for  both  drugs  continue  to  produce 
these  effects  in  a  most  marked  degree  after  the  ganglion  has  been  excised. 
We  must  suppose,  therefore,  that  the  mechanism  if  it  exists  is  situated  in 
the  iris  itself  or  in  the  choroid,  where,  indee^l,  ganglionic  nerTe-C4>lls  are 
abundant.  The  movements  of  the  iris  in  the  extirpated  eye,  si^keu  of  just 
now,  may  jjerhaps  be  attributed  to  the  same  local  mechanism.  Further  it 
ia  stated  that  with  stimulation  of  the  sympathetic,  the  latent  period,  t'.  e.,  the 
period  intervening  between  the  beginning  of  stimulation  and  the  beginning 
of  the  movement  ot  the  iris,  is  much  greater  than  with  stimulation  of  the 
third  nerve,  indicating  that  the  former  acts  through  a  local  mechanism  but 
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Ihe  latter  more  directly  on  the  muscular  fibres.  The  whole  tjueation,  how- 
ever, of  this  local  mecharu3m,and  of  the  exact  mode  of  action  of  the  various 
drugs  and  of  the  changes  in  the  body  which  lead  to  contraction  or  dilatation 
reepGCtively  of  the  |>i]pil.  needs  fuller  discusaiun  than  we  can  aflord  to  give 
to  it  here.  We  may  add  that  the  local  action  of  atropine  in  contrast  to  any 
action  on  the  cerebral  centre  ie  well  illustrated  by  applying  atropine  to  one 
eye  locally.  The  pupil  of  that  eye  dilates  widely;  in  consequence  more 
light  falls  on  the  retina,  and  thie  bo  aflects  the  cerebral  centre,  which  as  we 
have  seen  is  not  Btrictlv  unilateral  but  in  communion  with  its  fellow^  that 
increased  constricting  impulsed  pass  from  both  centres,  and  these,  though 
inetfectual  iu  the  atropinized  eye.  lead  in  the  untouched  eye  to  an  increased 
narr()wing  of  the  pupil. 

^  726-  The  share  of  the  fifth  nerve  in  the  work  of  the  iris  seems  to  be  in 
part  a  sensory*  one;  the  iris  is  sensitive,  and  the  sensory  impulsca  which  are 
generate<l  in  it  pass  from  it  along  the  fibres  of  the  filth  nerve.  Moreover  the 
fifth  is  i>eculiarly  related  to  the  dilating  efl^ecls  of  the  sympathetic.  For 
though  the  ophthalmic  ganglion  does  receive  fibres  directly  from  the  cavern- 
ous plexus  of  the  sympathetic,  tlie  dilntinc  action  of  the  sympathetic 
would  seem  to  he  carried  out  not  by  these  fibres  hut  hy  fibres  ioiniug  the 
fifth  nerve,  and  passing  to  the  iris  not  hy  the  ganglion  but  by  the  o[»hlhal- 
mic  branch  and  the  long  ciliary  nerves*.  The  vas<jmotor  fibres  of  the  sym- 
pathetic, and  those  which  ddatc  the  iris,  afVer  running  together  in  the  main 
cervical  sympathetic  chain,  part  company  higher  up,  the  latter  passing  to 
the  Gflsserian  ganglion,  and  thus  reaching  the  nasal  branch  of  the  ophthal- 
mic division  of  the  filth  nerve.  Some  observers  maintain  that  in  addition 
to  these  dilating  fibres  of  the  svmpathetic  joiucfl  to  it.  the  fitth  contains 
fibres  of  its  own  which  also  are  a^le  to  dilate  the  pupil 

We  may  cum  up  the  nervous  mechanism  of  the  pupil  then  somewhat  as 
follows  :  The  salient  and  most  frequently  repeated  event,  the  contraction  of 
the  pupil,  upon  exposure  to  light,  is  a  reflex  act,  the  centre  of  which  ia 
placed  in  the  brain;  and  the  correlative  widening  of  the  pupil  upon  dimi- 
nution of  light  is  due  to  the  tonic  action  of  the  sympathetic  making  itself 
felt  upon  the  waning  of  its  antagonist.  The  contraction  of  the  pupil  in  the 
earlier  stages  of  the  action  of  alcohol  and  chloroform  and  in  shmilier  is 
probably  due  to  an  increased  action  of  the  contracting  centre,  but  the 
narrow  pupil  caused  bv  Huch  drugs  as  morphine  and  physostigraine  is  due, 
chiefiv  at  least,  to  a  local  action.  The  dilating  effects  of  such  drugs  as 
atropme  are  also  largely  due  to  a  local  action,  but  in  the  widened  pupil  of 
the  later  stages  of  alcohol  poiwjning  and  of  dyapuopa  we  can  probably  trace 
the  effects  of  an  exhaustion  of  the  cerebral  contracting  centre,  assisted  pos- 
sibly bv  an  increased  activity  of  the  dilating  centre. 

^  Y2^.  There  remains  a  word  to  be  said  concern  ing  I  he  contraction  of  the  pu  pil 
which  takes  place  when  the  eye  is  accommodated  for  near  objects,  and  when 
the  pupil  is  turned  inward  (the  two  being  closely  allied,  since  the  eyes  con- 
verge to  see  near  objects),  and  the  return  to  the  more  dilated  condition 
when  the  eye  returns  to  rest  and  regains  the  accomniodatiou  for  far  objects. 
These  are  instances  of  what  are  called  "associated  movements.*'  Two 
movements  are  thus  spoken  of  as  "associated'*  when  the  special  central 
nervous  mechanism  employed  in  carrying  out  the  one  act  is  so  connected  by 
nervous  ties  of  some  kind  or  other  with  that  employed  in  carrying  out  the 
other,  that  when  we  set  the  one  mechanism  in  action  we  unintentionally  set 
the  other  in  action  also.  The  ciliary  muscles  which  bring  about  accommo- 
dation are  governed  in  this  action  by  fibres  which  may  be  traced,  through 
the  ciliary  nerves  and  lenticular  ganglion,  along  the  third  or  nculo-motor 
nerve,  to  a  centre  which  lies  (in  dogs)  in  the  hind  part  of  the  floor  of  the 
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third  ventricle,  and  which  is  especially  connected  with  the  mo»t  anterior 
bundles  of  the  roots  of  the  third  nerve.  This  centre  is  under  the  command 
of  our  will;  when  we  wish  to  accommodate  for  near  objects  we  throw  it 
into  action,  and  it,  when  in  action,  calls  also  into  action  by  '*  association  " 
the  centre  for  the  contraction  of  tlie  pupil ;  when  the  action  of  the  accom- 
modation centre  cease»  and  the  eye  falls  hack  to  the  condition  of  rest,  in 
which  it  Ih  acconimudated  for  far  objects,  the  action  of  the  pupil-contracting 
centre  ccafies  also,  and  the  pupil  therefore  widens. 

{£728.  The  meehaiiiam  of  accommodation  may  also  be  affected  in  a  1<x^1 
manner.  And  the  drugs  which  have  u  sijcuial  action  on  the  pupil,  such  as 
atropine  and  Calabar  bean,  also  affect  the  mechanism  of  accommodation. 
Atropine  paralyses  it,  so  that  the  eye  remains  adjusted  for  far  objects;  and 
physnstigmine  throws  the  eye  into  a  condition  of  forced  accommodation  for 
near  objects.  This  double  action  has  been  explained  by  the  supposition  that 
while  atropine  paralyzes,  physustigmiue  throws  in  to  tonic  or  tetanic  contraction, 
on  the  one  hand  the  circular  muscles  of  the  iria  and  on  the  other  the  ciliarv 
muscles;  but  the  phenomena,  on  inquiry,  appear  too  complicated  to  be 
explained  in  bo  simple  a  manner. 

We  can  accommodate  at  will;  but  few  persooB  can  etfect  the 
change  in'  the  eye  unless  they  direct  their  attention  to  some  near  or  far  object, 
a£  the  case  may  be,  and  thus  assist  their  will  by  visual  sensations.  By  prac- 
tice, however,  the  aid  of  external  objects  may  be  dispensed  with  ;  and  it  is 
when  this  is  achieved  that  the  pupil  may  seem  to  be  made  to  dilate  or  con- 
tract at  pleasure,  accommodation  neing  effected  without  the  eye  being  turned 
to  any  particular  object. 

Imperfeclioiu*  In  Ote  Dioptric  Apparatus. 

S  729.  The  emmetropic  eye  may  be  taken  as  the  normal  eye.  The  myopic 
and  hypermetropic  eyes  may  be  considered  as  imperfect  eyes,  though  the 
former  possesses  certain  advantages  over  the  normal  eye.  An  eye  might  be 
myopic  from  too  great  a  convexity  of  the  cornea,  or  of  the  anterior  surtkce 
of  the  lens,  or  from  permanent  spasm  of  the  accommodation-mechaniam,  or 
from  too  great  a  length  of  the  long  axis  of  the  eyeball.  The  last  appears  to 
be  the  usual  cause.  Hiniihirly,  must  hypermetropic  eyes  possess  too  short  a 
bulb.  Moreover  in  the  strooglynmrked  myopic  eye  there  is  frequently  hy- 
pertrophy of  the  longitudinal  (meridional)  fibres  of  the  ciliary  muscle,  often 
spoken  of  exclusively  as  the  ciliury  muscle,  and  atrophy  or  absence  of  the 
circular  fibres ;  in  the  hypermetropic  eye,  on  the  other  hand,  the  circular 
fibres  are  well  developed  and  the  meridional  fibres  scanty.  The  presbyopic 
eye  is,  as  we  have  seen,  an  eye  normally  constituted  in  which  the  |K)wer  of 
acconiuuxlalion  has  been  lust  or  is  failing  through  increasing  weakness  of  the 
ciliary  muscle  or  a  loss  of  elasticity  in  the  lens,  or  through  the  parts 
becoming  rigid. 

>^730.  iSpliericiil  aberration.  In  a  spherical  lens  the  rays  which  impinge  on 
the  circumference  are  brought  to  a  focus  sooner  than  those  which  pass  nearer 
the  centre,  and  the  rays  proceeding  from  a  luminous  point  are  uo  longer 
brought  to  a  single  focua  at  one  |>oint  but  form  a  number  of  foci  at  different 
distances.  Hence  when  rays  are  allowed  to  fall  on  the  whole  of  the  lens,  the 
image  formed  on  a  screen  placed  in  the  focus  of  the  more  central  rnya  itj 
blurred  by  the  diflfusioocircles  caused  by  the  circumferential  rays  whic^ 
have  been  brought  to  a  premature  focus.  In  an  ordinary  optical  instrument 
spherical  aberration  is  obviated  by  a  diaphragm  which  shuts  off  the  more 
circumferential  rays.  lu  the  eye  the  iris  is  an  adjustable  diaphragm;  and 
when  the  pupil  contracts  in  near  vi±<iou  the  more  divergent  rays  proceeding 
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from  n  near  object,  which  tend  (o  fall  on  the  circumferential  parts  of  the  leus 
are  cut  off.  As,  however,  the  refractive  jx^wer  of  the  lens  does  not  increase 
regularly  anH  propreesively  from  the  centre  to  the  circumference,  hm  varies 
moet  irregularly,  the  purpose  of  the  narrowing  of  the  pupil  cannot  be  simply 
to  obviate  spherical  aberration  ;  and  indeed  the  other  optical  imperlections 
of  the  eye  are  so  great,  that  such  spherical  aberrations  as  are  caused  by  the 
lens  produce  no  obvious  eHect  on  vision. 

§  731.  Astigmaiitnn.  We  have  hitherto  treated  the  eye  as  if  its  dioptric  sur- 
faces were  all  parts  of  perfect  spherical  surfaces.  In  reality  this  is  rarely  the 
ca^,  either  with  the  lens  or  with  the  cornea.  Slight  deviations  do  not  pro- 
duce any  marked  effect,  but  there  is  one  deviation,  known  as  regular  astig- 
matism, which,  present  to  a  certain  extent  in  moel  eyes,  very  largely  devel- 
oped in  some,  frequently  leads  to  very  imnerfect  vision.  This  defect  is  due  to 
the  dioptric  surface  being  not  spherical  out  more  convex  along  one  meridian 
than  nnother,  more  convex,  for  instance,  along  the  vertical  than  along  the 
horizontal  meridian.  When  thb  is  the  case  the  rays  proceeding  from  a 
lumiuotia  point  are  not  brought  to  a  single  focus  at  a  point,  but  posaess  two 
linear  loci,  one  nearer  than  the  normal  and  corresponding  to  the  more  convex 
surface,  the  other  further  than  the  normal  focus  and  corresponding  to  the  less 
convex  surface.  If  the  vertical  meridians  of  the  surface  he  more  convex 
than  the  horizontal,  then  the  nearer  linear  focus  will  be  horizontal  and  the 
farther  linear  focus  will  be  vertical,  and  vice  vrrHa.  {This  can  be  shown 
ranch  more  effectually  on  a  model  than  in  a  diagram  in  which  we  are  limited 
to  two  diniennioDs.)  I^ow  in  order  to  see  a  vertical  line  distinctly,  it  is  much 
more  important  that  the  rays  which  diverge  from  the  line  in  a  series  of  hori- 
zontal planes  should  be  brought  to  a  focus  properly  than  those  which  diverge 
in  the  vertical  plane  of  the  line  itself;  and  similarly,  in  order  to  etee  a  hori- 
zontal line  distinctly,  it  is  much  more  important  th»t  the  rays  which  diverge 
from  the  line  in  a  series  of  vertical  planes  should  be  brought  to  a  focus 
properly,  than  those  which  diverge  in  the  horizontal  plane  of  the  line  itself. 
Hence  a  horizontal  line  held  before  an  astigmatic  dioptric  surface,  most 
convex  in  the  vertical  meridians,  will  give  rise  to  the  image  of  a  horizontal 
line  at  the  nearer  focus,  the  vertical  rays  diverging  fmxn  the  line  being  here 
brought  to  a  linear  hori/.ont-al  focus.  Similarly,  a  vertical  line  held  before 
the  same  surface  will  give  rise  to  an  image  of  a  vertical  line  at  the  further 
focus,  the  horizontal  raye  diverging  from  the  vertical  line  being  here  brought 
Ui  a  linear  vertical  focus.  In  other  words,  with  a  dioptric  surface  most 
convex  in  the  vertical  meridians,  horizontal  lines  are  brought  to  a  focus 
sooner  than  are  vertical  lines. 

Most  eyes  are  thus  more  or  leas  astigmatic,  and  generally  with  a  greater 
ooDvexity  along  the  vertical  meridians.  If  a  set  of  horizontal  or  vertical 
lines  be  looked  at,  or  if  the  near  point  of  accommmtation  be  determined  by 
8cbeiner's  experiment  (p.  806),  for  the  needle  placed  first  horizontally  and 
then  vertically,  the  horizontal  lines  or  nec<lle  will  be  distinctly  visible  at  a 
shorter  distance  from  the  eye  than  the  vertical  lines  or  needle.  .Similarly, 
the  vertical  line  must  be  further  from  the  eye  than  a  horizontal  one,  if  both 
are  to  be  seen  distinctly  at  the  .same  time.  The  cause  of  n-^tigmatisra  is,  in 
the  great  majority  of  cases,  the  unecpial  curvature  of  the  cornea  ;  but  some- 
times  the  fault  lies  in  the  lens,  as  was  the  case  with  Young. 

When  the  curvature  of  the  cornea  or  lens  differs  not  in  two  meridians 
only  but  in  several,  irregular  usligmatisui  is  the  result.  A  certain  amount 
of  irregular  ostigmatiMu  exista  in  most  lenses,  thus  cimsing  the  image  of  a 
bright  point,  such  as  a  star,  to  l>e  not  a  circle  but  a  radiate  iigure. 

5i  732.  Chromatic  abemiHon,  The  different  rays  of  the  spectrum  are  of  dif- 
ferent refrangibility,  those  toward  the  violent  end  of  the  spectrum  being 
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brought  to  a  focus  sooner  than  those  near  the  red  end.  Thi«  in  optical  inst 
ments  is  obviated  by  ufliu;;^  coinpoiiiul  lenscfi  made  up  of  various  kinds  of  gh 
In  the  eye  we  have  no  evidence  thnt  the  lens  is  so  constituted  as  to  correct  this 
fault;  still  the  total  dispersive  power  of  the  instrument  is  so  small  that  such 
amount  of  chromatic  aberration  as  does  exist  attracts  little  notice.  Never- 
theless some  alight  aberration  may  be  detected  by  careful  observation.  When 
the  spectrum  is  observed  at  some  distance  the  violet  end  will  not  be  seen  in 
focus  at  the  same  time  as  the  red.  If  a  luminous  point  be  looked  at  through 
a  narrow  orifice  covered  by  a  piece  of  violet  ^lass,  which  while  shutting  out 
the  yellow  and  green  allows  the  red  and  blue  rays  to  pass  through,  there  will 
be  seen  alternately  an  image  having  a  blue  centre  with  a  red  fringe,  or  a  red 
centre  with  a  blue  fringe,  according  aa  the  imt^  of  the  point  looked  at  ts 
thrown  on  one  side  or  other  of  the  true  focus.  Thus  supposing  /(Fig.  232) 
to  be  the  plane  of  the  mean  focus  of  A,  the  violet  rays  will  be  brought  to  a 
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DlAaKAM   ILLUSTItATntO   CHROMATIC  AltRKlLATIOM. 

AA  IB  the  dioptric  ]iurfiice ;  A  i<  rei>reflenta  tbe  blue,  ADd  A  r  the  red  nys ;  V  li  Uie  fbcal  pUae  of  tbtt 

blue,  Jt  or  the  red  r«yB. 


focus  in  the  plane  V^  and  the  red  rays  in  tbe  plane  H,  If  the  rays  be  sup- 
posed to  fall  on  the  retina  between  Kand/,  the  diverging  or  blue  r»y»  will 
form  a  centre  surrounded  by  the  still  cnuvergiug  red  rays;  whereas  if  the 
rays  fall  on  the  retina  between  /nnd  Ji,  the  converging  red  rays  will  form 
centre  with  the  still  diverging  blue  rnyj*  forming  a  fringe  around  them, 
the  ravs  fall  on  the  retina  iit /,  the  two  kinds  of  ravs  will  be  mixed  together; 
as  will  he  seen  frfim  the  figure,  the  circumferentiaf  still  converging  red  ray 
/tr  as  it  cutj^  the  plane  of  the  retina  is,  in  ordinary  vision,  accompaaied  bj 
the  dis'erging  violet  ray  h  v,  and  thus  by  a  sort  of  cx)mp€n8ation,  we 
together  even  the  rays  which  differ  most  in  refraction. 

$  733.  EviopHc  phettometm.  The  various  media  of  tbe  eye  are  not  uniformly 
transparent;  the  rays  of  light  in  ptissing  through  them  undergo  local 
absorption  and  refraction,  and  thus  various  shadows  are  thrown  on  the 
retina,  of  which  we  become  conscious  as  imperfections  in  the  field  of  vision, 
especially  when  the  eye  is  directed  to  a  uniformly  illuminated  surface. 
These  are  spoken  of  as  entoptic  phenomena,  and  are  very  varied,  manv  forms 
having  been  described. 

The  most  common  are  those  caused  by  the  presence  of  floating  bfHlies  in 
the  vitreous  humor,  the  stvcalled  mnActe  volUanteji.    These  are  readily 
when  the  eye  is  turned  toward  a  uniform  surface,  and  are  fre<^ueutlv  verj 
troublesome  in  looking  through  a  microscope.     They  are  especially  obvioi 
when  divergent  rays  fait  upon  the  eye.     They  assume  the  form  of  rows  an< 
groups  of  beads,  of  single  bearls,  (if  streaks,  patches,  and  granules,  and  maj 
be  recognixe^l  by  their  almost  continual  movement,  esj>ecially  when  the  h< 
or  eye  is  moved  up  and  down.     When  an  attempt  is  made  to  fix  the  viaiofti 
upon  them,  they  immediately  tloat  away.     Tears  on  the  cornea,  temporaryl 
unevennees  on  the  anterior  surface  of  th**  cornea  after  tbe  eyelid  has  beeaj 
pressed  on  it,  and  imperfections  in  the  lens  or  it«  cafwule.  also  give  ziae 
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visual   images.     Not   unfrequently  a    radiate  figure   correeponding   to   the 
arrangement  of  the  fibres  of  the  lens  nialces  its  appearance. 

Imperfections  in  tbe  margin  of  the  pupil  appear  in  the  shadow  of  the  iris 
which  bouuda  the  fteltl  of  vbiioD  ;  and  the  movements  of  the  iris  in  one  eye 
may  be  rendered  visible  by  lo<iking  at  a  bright  point  or  luminous  surface 
through  a  pin  hole  in  a  card  placed  close  in  the  front  of  the  eye,  in  the 
anterior  focus  in  fact,  aud  ihcn  alternately  closing  and  opening  tbe  other 
eye  ;  the  field  of  the  firi*l  may  be  observed  to  contract  when  light  enters,  and 
to  expand  when  tbe  light  \s  shut  otf  from  the  second.  The  media  of  the  eve 
are  tluorescent;  a  condition  which  favnrs  the  perception  of  the  ultra-viofet 
ra^s.  If  a  white  sheet  or  white  cloud  be  looked  at  in  daylight  through  a 
Nieol's  prism,  a  somewhat  bright  double  Ci»ne  or  double  tuft,  with  the  apices 
touching,  of  a  fuiut  blue  color,  is  seen  in  the  centre  of  the  field  of  vision, 
croased  oy  a  Bimitar  double  cone  of  a  somewhat  yellow  darker  color.  These 
are  spoken  of  as  llaidioger'a  brushes:  they  rotate  as  the  prism  is  rotated, 
and  are  supposed  to  be  due  to  the  unequal  absorption  of  the  polarized  light 
in  the  yellow  spot.  The  prism  must  he  frequently  rotated,  as  when  the 
prism  remains  at  rest  the  phenomena  fade.  Lastly,  the  optical  arrange- 
ments have  a  further  imperlection  iu  that  the  dioptric  surfaces  are  not  truly 
centred  on  the  optic  axis. 

Visual  Sensations. 

§  734.  Light  fulling  on  the  retina  excites  sensorg  impulses,  aud  these  passing 
up  the  optic  nerve  to  certain  parts  of  tbe  brain,  produce  changes  in  certain 
cerebral  structures,  and  thus  give  rise  tct  what  we  call  &  mnHntion.  Iu  a  sen- 
saticin  we  ought  to  be  able  to  distinguish  between  tbe  events  through  which 
tbe  impact  of  the  rays  of  light  on  the  retina  is  enabled  to  generate  sensory 
impulses,  and  the  events,  or  rather  series  of  events,  through  which  these 
sensory  impulses  (for,  judging  by  the  analogy  of  motor  nerves,  we  have  no 
reason  to  think  that  they  undergo  any  fundamental  changes  in  passing  along 
tbe  optic  nerve),  by  the  agency  of  the  cerebral  arrangements,  develop  into  a 
sensation.  Such  an  analysis,  however,  is,  at  present  at  lea^t,  iu  most  particu- 
lars, quite  beyond  our  power;  and  we  must  therefore  Ireat  of  the  sensatioua 
as  a  wnole,  db^tinguishlng  between  the  [)eripberal  and  central  phenomena,  on 
the  rare  occasions  when  we  are  able  to  do  so. 


The  Origin  of  Vimtal  Impuket, 

§  735.  Of  primary  importance  to  the  understanding  of  tbe  way  in  which 
luminous  unaulationg  give  rise  to  those  nervous  changes  which  pass  along 
the  optic  nerve  as  visual  impulses,  is  the  fact  that  the  rays  of  light  pnxiuce 
their  elfect  by  acting  not  on  the  optic  nerve  itself  but  on  its  terminal  organs. 
They  paes  through  tne  anterior  layers  of  the  retina  apparently  without  in- 
ducing any  effect ;  it  is  not  till  they  have  reached  tbe  region  of  the  rods  and 
cones  that  they  set  up  the  changes  concerned  in  the  generation  of  visual  im- 
pulses; and  the  impulses  here  generated  travel  back  to  the  layer  of  fibres 
in  the  anterior  surface  of  the  retina  and  thence  pass  along  the  optic  nerve. 
That  the  optic  fibres  are  themselves  insensible  to  light  and  that  visual  im* 
pulses  l>egin  in  the  region  of  roth  and  cones  is  shown  by  the  phenomena  of 
the  blind  spot  and  of  Purkinit^^'s  figures  respectively. 

§  736.  Blind  ^)ot.  There  is  one  part  of  the  retina  on  which  rays  of  light 
falling  give  rii^e  to  no  sen8ations ;  this  is  the  entrance  of  the  optic  nerve,  and 
the  corresponding  area  iu  the  field  of  vision  is  called  the  blind  spot.     If  the 
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visual  axis  of  one  eye,  tbe  right  f<vr  itistauce,  the  other  being  cloeed,  be  fixd 
on  a  black  s{K>t  in  a  white  sheet  oi*  paper,  aiid  a  small  black  object,  such  i^ 
the  point  of  a  quill  j»ea  dip(>e(l  in  ink,  be  moved  gradually  sideways  over 
the  paper  away  to  the  outaide  of  the  field  of  virion,  at  a  certniu  distance  the 
black  point  of  the  qviill  will  disappoar  from  view.  On  continuing  the  move- 
ment still  further  outward  the  point  will  again  eorae  into  view  and  continue 
in  Bight  until  it  is  lost  in  the  periphery  of  the  Held  of  vision.  If  tbe  pen  be 
used  to  make  a  mark  on  tbe  paper  at  tbe  moment  when  it  is  lost  to  view, 
and  at  the  moment  when  it  comes  into  sight  again  ;  and  if  similar  marks  be 
made  along  the  other  meridiana  as  well  as  the  horizontal,  an  irregular  out* 
line  will  be  drawn  circumscribing  an  area  of  the  field  of  vision  within  which 
rays  of  light  produce  no  visual  sensation.  This  is  the  blind  spot.  Tbe 
dimensions  of  the  figure  drawn  vary,  of  course,  with  the  distance  of  the  paper 
from  tbe  eye.  If  this  distance  be  known,  the  size  oa  well  as  the  jx^sition  of 
the  area  of  the  retina  corresponding  to  the  blind  spot  may  be  cAlculated 
from  the  diagrammatic  eye  (p.  i<94).  The  position  exactly  coincide*  with 
the  entrance  of  the  oj)iic  nerve,  uud  the  dimensions  (about  1.5  mm.  diameter) 
also  correspond.  While  drawing  the  outline  as  above  directed  the  indica- 
tions of  the  large  brauchea  of  the  retinal  vessels  as  they  diverge  from  the 
entrance  of  the  nerve  can  frequently  be  recognized.  The  existence  of  the 
blind  spot  is  also  shown  by  the  fact  that  an  image  of  light,  sutiiciently  small, 
thrown  iipim  the  optic  nerve  by  means  of  the  ophthalmoscope,  gives  rise  to 
no  sensations. 

The  existence  of  the  bliud  upot  proves  that  the  optic  fibres  themselves  are 
insensible  to  light;  it  is  only  through  the  agency  of  the  retinal  expansion 
that  these  can  be  stimulated  bv  luminous  vibrations. 

§  737.  J'urkinjettfi^ur&ti,  U'  one  enters  a  dark  room  with  a  candle,  and 
while  looking  at  a  plain  (not  parti-colored)  wall,  moves  the  candle  up  and 
down,  holding  it  on  a  level  with  the  eyes  by  the  side  of  the  head,  there  will 
appear  in  the  field  of  vision  of  the  eye  of  the  same  side,  projected  on  (he 
wallf  an  image  of  the  retinal  vessels,  quite  similar  to  that  seen  on  looking 
into  an  eye  with  the  ophthalmoscope.  The  field  of  vision  is  illuminated  with 
a  glare,  and  on  this  the  branched  retinal  vessels  appear  as  shadows.  In  this 
mode  of  experimenting  the  light  enters  tbe  eve  through  tbe  cornea,  and  an 
image  of  the  candle  Ia  formed  on  the  nasal  side  of  the  retina;  and  it 
light  emanating  from  this  image  which  throws  s^hadows  of  the  retinal  v 
on  to  the  rest  of  the  retina.  A  far  better  method  is  for  a  second  person  to 
concentrate  the  rays  of  light,  with  a  lens  of  low  power,  on  to  the  outside  of 
the  sclerotic  juet  behind  the  Crimea ;  the  light  in  this  case  emanates  from  tbe 
illuminated  sptit  on  the  sclerotic  and  passing  straight  thnmgh  the  vitreous 
humor  throws  a  <lirect  shadow  of  the  vesmels  on  to  the  retina.  Thus  tbe  rays 
passing  through  the  sclerotic  at  6,  Fig.  23I{,  in  the  direction  h  v,  will  throw  a 
shadow  of  the  vessel  ^  on  to  the  retina  at  i^;  this  will  appear  oa  a  dark  line 
at  B  in  the  glare  of  tbe  field  of  vision.  Thi^  proves  that  the  structures  in 
which  visual  impulses  originate  must  lie  behind  the  retinal  vessels,  otherwise 
the  shadows  of  these  could  not  be  perceived. 

If  the  light  be  moved  from  b  to  a,  the  shadow  on  the  retina  will  move 
from  ,*  to  a,  and  tbe  dark  line  in  the  field  of  vision  will  move  from  B  to  A. 
If  the  distance  B  A  be  measured  when  the  whole  imago  is  prc»jected  at  a 
known  distance,  k  B  from  the  eye^k  being  tbe  optical  centred  then,  knowing 

1  Fur  llie  propvrtie.'a  of  tbe  optical  et-nlre,  we  iuu»t  refer  the  reader  to  tlie  various  ir«H.Ui«s  on  optics. 
TlieopUciil  centre  of  n  letis  it  the  iM>liit  through  which  iiU  the  prlnriiiAl  ni>n.  of  the  rdriuo*  p«oci]« 
of  r»vB  jAlUnK  on  tbe  lens.  dais.  Tbe  dluffnnimaUo  eyu  of  LisUiuc  (p.  >*9I)  bfu  two  optlcftj  oentm, 
bat  ibeae  may.  wliboui  Berioiu  error,  be  xunher  r^liieod  for  pncUcal  pitrpoee*  to  oue  tyiac  in  thr 
low  aemr  ll«  posterior  nirfkoe,  ul  about  1&  uitn.  dlBtsiiL-t  from  tn«  rvtlua. 
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tne  difitancc  k  i^  in  the  diagrammatic  eye,  the  distance  /9  a  can  be  calculated. 
But  if  the  distance  j5  «  be  thus  eatimated,  and  the  distance  i  a  be  directly 
measured,  the  dietances  fl  v,a  v,b  v,  a  v  can  be  calculated,  and  if  the  apj^earance 
in  the  field  i»f  vision  is  really  caused  by  the  shadow  of  »■  falling  on  ,?,  these 
distances  ought  Ui  correspond  to  the  distances  of  the  retinal  vessels  v  from  the 
sclerotic  h  on  the  one  hand,  and  from  that  part  of  the  retina  *?  where  visual 
iropreasions  begin,  on  the  other,  H.  Miiller  found  that  the  distance  (i  v  thus 
calculated  corresponded  to  the  distance  of  the  retinal  vessels  from  the  layer 
of  rods  and  cones.  Thus  Purkinji5'8  figures  prove  in  the  first  place  that  the 
sensory  impulses  which  form  the  commeacement  of  visual  sensations  origi- 

Ffa.334. 
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Date  in  some  part  of  the  retina  behind  the  retinut  vessels,  L  e.,  somewhere 
between  them  and  the  choroid  coat;  and  H.  Miiiler's  calculations  go  far  to 
show  that  they  originate  at  the  most  posterior  or  external  part  of  the  retina, 
viz.,  the  layer  of  rods  and  cooes.  It  must  be  admitted,  however,  that  H. 
Mflller's  results  were  not  sufficiently  exact  to  allow  any  great  stress  to  be 
placed  on  this  argument. 

In  the  second  method  of  experimenting  the  image  always  moves  in  the 
same  direction  as  the  light,  as  it  obviously  must  do.  In  the  first  method, 
where  the  light  enters  through  the  cornea,  the  image  moves  in  the  same 
direction  as  the  light  when  the  light  is  moved  from  right  to  left,  provided 
the  movement  does  not  extend  beyond  the  middle  of  the  cornea,  but  in  the 
opposite  direction  to  the  light  when  the  latter  is  moved  up  and  down.  la 
Fig.  234.  which  represents  a  horizontal  section  of  an  eye,  if  rt  be  moved  to  «, 
6  will  move  to  ;?,  the  shadow  on  the  retina  r  to  ;*,  and  the  image  d  to  't.  If, 
on  the  other  hand,  a  be  supposed  to  move  above  the  plane  of  the  paper,  6 
will  move  below,  in  consequence  c  will  move  above,  and  d  will  appear  to 
move  below,  i,  e.,  d  will  sinlc  as  a  rises. 

It  is  desirable  in  these  cases  to  move  the  light  to  and  fro,  especially  in  the 
first  method,  as  the  retina  soon  t)ecome«  tired,  and  the  image  fades  away. 
6ome  observers  can  recognize  in  the  axis  of  vision  a  faint  shadow  corre- 
sponding to  the  edge  of  the  depression  of  the  fovea  centralis. 

§  738.  The  retinal  vessels  muy  aKso  he  rcndcre<l  visible  by  looking  through 
a  small  orifice,  such  as  a  pin-hole  in  a  card  placed  close  to  the  eye,  at  a  bright 
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field  such  as  the  sky,  and  moving  the  orifice  very  rapidly  from  side  to  side 
or  up  and  down.  If  llie  movement,  be  from  side  to  aide  the  vessels  which 
run  vertical  will  be  seen  ;  it'  up  and  down,  the  horizontal  vessels.  The  fine 
capillary  vessels  are  seen  more  easily  iu  this  way  than  by  PurkiDJ6*8  method. 
The  same  appearances  may  also  he  produced  by  looking  through  a  micn> 
scope  from  which  the  objective  \ms  been  removed  and  the  eye-piece  only  left 
(or  in  which  at  least  there  is  no  object  distinctly  in  focus  in  the  field ,i,  and 
moving  the  head  rapidly  from  side  to  side  or  backward  and  forward.  Or 
the  microscope  itself  may  be  moved;  a  cin-ular  movement  of  the  field  will 
then  bring  both  the  vertically  and  horizontally  directed  vessels  into  view  at 
the  same  time. 

§  739.  The  photo- r.hf>mifitry  of  the  retina.  In  seeking  to  understand  how  it  is 
that  rays  of  light  falling  upon  the  region  of  the  rods  and  cones  can  give  rbe 
to  sensory,  visual  impulses  in  the  optic  nerve,  we  may  adopt  one  or  other  of 
two  views.  On  the  one  hand,  we  may  suppose  that  the  vibrations  of  the 
ether  are  able,  through  the  means  of  the  retinal  apparatus  of  the  rods  aod 
cones  for  example,  to  give  rise  in  some  way  or  other  to  molecular  vibrations 
which  are  the  beginning  of  the  nervous  impulses  in  the  optic  nerve.  No 
satisfactory  explarmtiou  of  how  such  a  change  can  be  brought  about  has 
been  oflered,  and  indeed  the  difficulties  of  such  a  conception  are  very  greal. 
Ou  the  other  hand,  we  may  more  naturally  turn  to  a  chemical  explanation. 
We  are  familiar  with  t.he  fact  that  rays  of  light  are  able  to  bring  about  the 
decomposition  of  very  many  chemical  substances,  and  we  accordingly  s|"»ettk 
of  these  subsitances  as  being  senMlive  to  light.  All  the  facts  dwelt  on  in  this 
book  illustrate  the  great  complexity  and  corresponding  instability  of  the 
composition  of  protoplasm.  And  we  might  reasonably  suppose  that  proto- 
plasm itself  would  be  sensitive  to  light;  that  is  to  say,  that  rays  of  light 
falling  ou  even  umiitferentiated  protoplasm  might  set  up  a  decompoeitioD  of 
that  protoplasm,  and  so  inaugurate  a  molecu'ar  disturbance;  in  other  words, 
that  light  might  act  as  a  direct  stimulus  to  protoplasm.  As  a  matter  of  fact, 
however,  such  evidence  aa  we  at  present  possess  goes  to  show  that  native 
undifferentiated  j^rotoplasm  if*  aa  a  rule  not  sensitive  to  light  (that  is.  ^^ 
those  particular  waves  which  when  they  fall  on  our  retina  give  rise  iu  us  to 
the  sensation  of  light),  though  in  the  case  of  some  lowly  organisms,  whose 
protoplasm  exhibits  very  little  differentiation  and  in  particular  contains  no 
pigment,  a  sensitiveness  to  light  haa  been  observed.  Nor  can  we  be  surprised 
at  this  indifference  of  protoplasm  when  we  reflect  that  what  we  may  call 
pure  protoplasm  is  remarkable  for  its  transparency,  that  is  to  say,  the  ray* 
of  light  pass  through  it  with  the  slighle-st  possible  absorption.  Rut  in  order 
that  light  may  produce  chemical  etfects,  it  must  he  absorbe*! ;  it  must  be 
spent  iu  doing  the  chemical  work.  Accordingly,  the  first  step  toward  the 
formation  of  an  organ  of  vision  ia  the  ditierenliation  of  a  portion  of  proto- 
pla.<m  into  a  pigment  at  once  capable  of  absorbing  light  and  sensitive  to 
light,  I.  <7.,  undergoing  decomposition  upon  exposure  to  light.  An  orgauiam, 
a  portion  of  whose  protoplasm  had  thus  become  differentiated  into  such  a 
pigment,  would  be  able  to  react  toward  light.  The  light  falling  on  the 
organism  would  be  in  part  absorbed  by  the  pigment,  and  the  raya  thus 
absorbed  would  produce  a  chemical  action  and  set  free  chemical  substances 
which  before  were  not  present.  We  have  only  to  suppose  that  the  chemical 
substances  are  of  such  a  nature  as  to  act  as  a  stimulus  to  the  protoplasm  uf 
other  parttf  of  the  organism  (and  we  have  manifold  evidence  of  the  exquisite 
sensitiveness  of  protoplasm  in  general  to  chemical  stimuli),  in  order  to  see 
how  rays  of  light  falling  on  the  orgauism  might  excite  movementa  in  it,  or 
modify  movements  which  were  being  carried  on,  or  might  otherwise  affect 
the  organism  in  whole  or  in  part. 
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huch  considerationa  as  the  forej^oing  may  be  applied  to  even  the  complex 
organ  of  vision  of  the  higher  animals.  If  we  suppose  that  the  actual  ler- 
niinaliuDS  of  the  optic  nerve  are  surrounded  by  substanres  sensitive  to  light, 
then  it  becomes  easy  to  imagine  how  light  falling  on  these  sensitive  sub- 
stances should  set  free  chemical  bodies  possesBcd  of  the  property  of  acting 
a^  stimuli  to  the  actual  nerve-endings,  and  thus  give  rise  to  viuuul  impulses 
in  the  optic  fibres.  We  say  *'  easy  to  imagine/*  but  we  are  at  present  far 
from  being  able  to  give  definite  proofs  that  such  an  explanation  of  the 
origin  of  visual  impulses  is  the  true  one,  probable  and  enticing  as  it  may 
appear. 

^  740.  One  of  the  most  striking  features  in  the  structure  of  the  retina  is 
the  abundance  of  black  pigment  in  the  retinal,  or  as  it  is  sometimes  called 
choroidal,  epithelium.  It  is  difficult  to  suppose  that  the  sole  function  of 
this  pigment  is  to  absorb  the  superfluous  rays  of  light,  and  that  the  rays 
thus  absorbed  are  put  to  no  use  but  simply  wasted.  And  indeed  it  has  been 
shown  that  the  pigment  is  sensitive  to  light;  but  the  changes  in  it  induced 
by  light  are  excessively  slow.  Moreover,  its  presence  cannot  be  of  funda- 
mental importance,  since  vision  is  not  only  jKJSsible  but  fairly  distinct  with 
albinos,  in  which  this  pigment  is  absent. 

Then  again,  in  the  vast  majority  of  vertebrate  animals,  the  outer  limbs  of 
the  rods  are  suffused  with  a  purplish-red  pigment,  the  so  called  visual  purple, 
which  is  80  eminently  sensitive  to  light  that  images  of  external  objects  may 
by  appropriate  means  be  photographed  in  it  on  the  retina.  When  the  eye 
01  a  frog  or  of  a  rabbit  is  examined  in  an  ordinary  way,  with  full  exposure 
to  light,  the  retina  appears  colorless.  But  if  the  eye  be  kept  in  the  dark 
for  some  time  before  it  is  examined,  the  retina,  if  removed  rapidly,  will  be 
found  to  be  of  a  beautiful  purplish-red  color.  Upon  exposure  to  light  the 
color  changes  to  yellow  and  then  fades  away,  leaving,  however,  the  retina 
not  only  white,  but  more  opaque  than  it  was  before.  Upon  examination 
with  the  microscope  it  is  found  that  the  purple  color  is  confineil  exclusively 
to  the  rods  and  to  the  outer  limbs  of  the  rods,  the  inner  limbs  being  wholly 
devoid  of  it. 

ij  741.  The  color  of  the  rods  is  due  to  the  presence  of  a  distinct  pigment, 
the  '*  visual  purple,"  diffused  through  the  substance  of  the  outer  limhS ;  and 
this  may  be  extntcted  from  the  rods  by  dissolving  these  in  au  aqueous  solution 
of  bile-salts.  A  clear  purple  solution  is  thus  obtained,  which  is  capable  of 
being  bleached  by  the  action  of  light,  and  in  its  general  features  and  be- 
havior is  similar  to  the  pigment  as  it  naturally  exists  in  the  retina. 

Visual  purple  is  found,  as  we  have  said,  exclusively  in  the  outer  limbs  of 
the  rods;  it  lias  never  yet  been  found  in  the  cones,  and  it  is  accordingly 
absent  from  the  retinas  (such  as  thase  of  snakes),  which  are  composed  of 
cones  only,  and  from  the  macula  lutea  and  fovea  centralis  of  the  retinas  of 
man  and  the  ape.  The  intensity  of  the  colonttion  varies  in  diflerent  animals, 
and  the  retinas  even  of  some  animals  possessing  rods  (bat,  dove,  hen)  seem 
to  l>e  whollv  devoid  of  the  visual  purple;  it  is  generally  well  marked  in 
retinas  in  wfiich  the  outer  limbs  of  the  rod:;  are  well  developed.  Its  absence 
or  presence  is  not  dej^iendent  on  nocturnal  habits,  since  the  intense  color  of 
the  retina  of  the  owl  is  in  strong  contrast  to  the  absence  of  color  in  the  bat. 
It  baa  been  found  in  the  retina  of  the  embryo. 

^  742.  The  visual  purple  is  bleached  not  only  by  white,  but  also  by  mono- 
chromatic, light.  Of  the  various  prismatic  rays  the  most  active  are  the 
greeniih-yellow  rays,  those  to  the  blue  side  of  these  coming  next,  the  least 
active  being  the  red.  Now  it  is  precisely  tlie  greenish-yellow  rays  which  are 
most  readily  absorbed  by  the  color  itself.  A  natural  colored  retina  or  a  solu- 
don  of  visual  purple  gives  a  diffuse  spectrum  without  any  defined  absorption 
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bandsp  asd  ftcoording  to  ihe  amount  of  coloring  tnaterial  through  which  the 
light  poflses,  abeorption  is  ^en  either  to  be  limited  to  the  greenish  yellow 
part  of  the  spectrum  or  to  spread  thence  toward  the  blue,  and,  to  a  much 
lees  extent,  toward  the  red.  Thui<  the  variouet  pri:$matic  rays  produce  a 
photochemical  effect  on  the  visual  purple  in  proportifin  as  ther  are  absorbed 
oy  it.  Under  the  action  of  light  the  visual  purple,  whether  in  solution  or 
in  its  natural  condition  in  the  rods,  passes  through  a  purplisb-oraoge  to  a 
yellow,  and  Rnally  bec4>mes  colorless;  and  we  appear  to  be  justified  in  speak- 
ing of  a  "  visual  yellow  "  and  "  visual  white  '*  as  producta  of  the  pDoio- 
cheroical  changes  undergone  by  the  visual  purple. 

For  the  restoration  of  the  visual  ])urple,  after  it  has  been  destroyed  by 
light,  the  maintenance  of  the  circulation  of  the  blood  through  the  tissues  nf 
the  eye  is  not  essential.  The  choroidal  epithelium  has  by  itself,  provide^] 
that  it  still  retains  its  tia-^ue  life,  the  power  of  regenerating  the  purple.  If 
a  portion  of  the  retina  of  an  excised  eye  be  raised  from  its  epithelial  bed. 
bleached,  and  then  carefully  restored  to  it£  natural  position,  the  purple  will 
return  if  the  eye  be  kept  in  the  dark.  The  choroidal  epithelium  may,  in 
fact,  be  spoken  of  as  a  *'  purpurogenous  "  membrane. 

§  743.  If  the  imuge  of  some  bright  object,  such  ws  a  lamp  or  a  window,  be 
thrown  on  to  the  retina,  either  of  an  eye  in  its  natural  position  or  of  one  re- 
cently excised,  care  having  lieen  taken  to  keep  the  retina  for  some  time  pfe- 
vious  away  from  any  rays  of  light,  the  portion  of  the  retina  on  which  the  rays 
have  fallen  will  be  found  to  be  bleached,  the  rest  of  the  retina  remaining 
purple.  In  fact,  an  "  optogram  "  of  external  objects  may  thus  be  obtained ; 
and  if  the  retina  be  removed  and  treated  with  a  four  per  cent,  solution  of 
potash  alum  before  the  choroidal  epithelium  has  had  time  to  obliterate  the 
bleaching  effects,  the  retina  may  remain  permanently  in  that  condition ;  the 
photo-chemical  effect  may,  as  the  photographers  say,  be  "  fixed." 

It  seemed  verv  tempting,  especiallv  upon  the  first  discovery  of  it,  to 
pose  that  this  visual  purple  ia  directly  concerned  in  \*ision.  If  we  sup 
that  visual  purple  itself  is  Inert  toward  the  endings  of  the  optic  oerve,  but 
that  either  visual  yellow  or  visual  while,  f.  e.,  some  product  of  the  action  of 
light  on  visual  purple,  may  act  as  a  stimulus  to  those  endings,  the  way  seems 
0|>ened  to  understanding  haw  rays  of  light  can  give  rise  Ui  sensory  impalsea 
in  thenpiic  nerve.  Unfortunately  visual  purple  is  absent  from  the  cones, 
and  from  the  fovea  centralis,  which,  as  we  shall  see,  ia  the  region  of  distinct 
vision;  it  is  further  entirely  wanting  in  some  animals  which  undoubtedly 
see  very  welt ;  and,  lastly,  animals,  such  as  frog«,  naturally  posseaetng  the 
pigment,  continue  to  see  very  well,  and  even  apparently  to  see  colors,  when 
their  visual  purple  has  been  absolutely  bleached,  as  it  may  be  by  prolonged 
exposure  of  the  eyes  to  strong  light.  We  cannot  therefore,  at  present  at 
least,  explain  the  origin  of  visual  impulses  by  the  help  of  visual  purple.  At 
the  same  time  its  history  suggests  that  some  substances,  sensitive  like  it  to 
light,  but  unlike  it,  colorless  and  therefore  escaping  olwervation.  may  exists 
and  by  photo-chemical  changes  l>e  the  means  of  exciting  the  optic  nerves. 
And,  as  we  shall  see  later  on,  one  theory  of  color  vision  is  based  on  the 
asauraption  that  vision  is  carried  on  in  some  way  or  other  by  changes  in 
what  may  be  called  the  visual  substances  present  in  the  retina,  these  sub* 
stances  being  used  up  and  regenerated  ns  vision  is  going  on. 

But  even  admitting  as  probable  the  existence  of  these  sensitive  visual  »ub- 
Btancee,  the  changes  in  which  lead  to  stimulation  of  the  real  ending  uf  the 
retinal  nervous  mechanism,  we  cannot  at  present  state  anything  definite  con- 
cerning those  nerve-endings  or  the  manner  of  their  stimulation.  It  may  be 
that  even  the  outer  limbs  of  the  rods  and  cones,  in  spite  of  the  apparent 
break  of  continuity  between  the  (XJter  and  inner  limbs,  are  really  nervous 
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in  nnture.  Tl  nmy  be,  on  the  other  hand,  that  the  outer  limb8  are  either 
purely  dioptric  iii  Ainction.  or  are  associated  with  the  sensitive  visual  siih- 
sUiDces  in  sncii  a  way  that  the  purely  nervous  structures  must  be  considered 
as  extendinj^  no  further  at  least  than  the  inner  limbs.  We  cannot  us  yet 
luake  any  deliuite  statement  in  the  one  direction  or  the  other. 

§  744.  In  connection  with  the  origin  of  visual  impulses,  we  may  perhaps 
call  attention  to  the  remarkable  changes  which  the  cells  of  the  retinal  pig- 
ment epithelium  nndergo  under  the  iutlueucc  of  light.  When  an  eye  has  been 
shut  off  from  all  li^ht  for  some  little  time  the  pigment  is  concentrated  in 
thebmlies  of  the  celln,  and  the  remarkable  filamentous  processes  of  the  cells, 
with  the  pigment  granules  or  crystals  which  they  carry,  extend  a  slight  dis- 
tance <»nlv  between  the  limbs  of  the  rods  and  cones  (about  one-third  dnwn 
the  leugtli  of  the  outer  limbs  of  the  rods).  Under  the  influence  of  light 
these  processes,  loaded  with  pi*j:inent.  thrust  themselves  a  much  longer  way 
down  toward  the  external  litniting  membrane;  in  consequence  a  considerable 
quantity  of  pigment  is  found  massed  between  the  outer  and  even  the  inner 
limbs  of  the  ro<i8  and  cones  ;  indeed,  the  outer  limbs  of  the  rods  swelling  at 
the  same  time  become  jammed,  as  it  were,  between  the  masses  of  pigment, 
causing  the  epithelial  layer  to  adhere  very  closely  to  the  layer  of  rods  and 
cones. 

§  745.  The  retina  and  optic  nerve,  like  other  nervous  structures,  develop 
electric  currents,  which  may  be  spoken  of  as  currents  of  rest  and  currents  of 
action.  They  may  be  shown  by  placing  one  electrode  on  the  retina  of  a  bi- 
sected eye,  or  on  the  cornea  of  a  whole  one,  and  the  other  on  the  optic  nerve,  or 
hind  fmrt  of  the  eyeball^  or  even  on  some  distant  part  of  the  body.  They  are 
nhn  manifested  by  the  isolated  retina  itself.  The  phenomena  appear  some- 
what complicated  by  the  appearance  now  of  positive,  now  of  negative, 
variations;  but  this  fact,  comes  out  clearly  that  the  incidence  of  light  on 
the  irritable  retiua  develu|>s  au  electric  change,  the  magnitude  of  which  is  to 
a  certain  extent  proportionate  to  the  intensity  of  the  light  acting  as  a  stim- 
ulus. The  changes  accordingly  diminish  and  cease  to  appear  as  i he  retina 
gradually  loses  its  irrilttbility  afler  death.  We  may  add  that  these  electric 
phenomena  appear  to  be  quite  independent  of  the  condition  of  the  visual 
purple. 

Simple  Setimtian$. 
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r  5  746.  Relatione  of  the  sensation  to  the  stimuhM.  If  we  put  aside  for  the 
present  all  questions  of  color,  we  may  say  that  light,  viewed  a£  a  stimulus 
affecting  the  retina,  varies  in  intensity,  that  is,  in  the  energy  of  the  luminous 
vibrations  as  manifested  by  their  amplitude,  and  in  duration,  that  is.  in  the 
length  of  time  a  succession  of  waves  continues  to  fall  upon  the  retina.  The 
eflect  of  the  light  will  also  depend  on  the  extent  of  retinal  surface  exposed 
to  the  luminous  vibrations  at  the  same  time.  Taking  a  luminous  point,  in 
order  to  eliminate  the  latter  circumstance,  we  may  make  the  following  atate- 
meuta: 

The  sensation  has  a  duration  much  greater  than  that  of  the  stimulus,  and 
in  this  respect  is  c<imparable  to  a  muscular  contraction  cau9e<l  by  such  a 
stimulus  as  a  single  induction  shook.  The  sensation  of  a  flash  of  light,  for 
insiance,  lasts  for  a  much  longer  time  than  that  during  which  luminous  vibra- 
tions ivre  falling  on  the  retina.  Hence,  when  two  stimuli, such  as  two  flashes 
of  liKht.  follow  each  other  at  a  sufficiently  short  interval,  tiie  two  sensations 
are  fiis«<]  into  one ;  and  a  luminous  |K>int  moving  rapidly  round  in  a  circle 
]five8  rise  to  the  sensation  of  a  continuous  circle  of  light.  This  again  is 
Itfite  Comparable  to  muscular  tetanus.     The  interval  at  which  fusion  takes 
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place,  that  is,  the  iuterval  between  successive  stimuli  which  must  be  exceedafl 
in  order  that  succe»sive  distiuct  scDsalions  may  be  produced,  varies  according 
to  the  inteusity  of  the  light,  being  shorter  with  the  stronger  light;  with  9 
faint  light  it  is  about  ^  second,  with  a  strong  light  -^(^  or  -^'^  second.     Tfalfl 
may  be  shown  by  rotating  rapidly  before  the  eye  a  disc  arranged  with  alter- 
nate black  and  white  sectors  of  equal  width.     With  a  faint  ilhimiuation  the 
flickering,  indicative  of  the  successive  sensations  from  the  white  sectors  not 
being  completely  fu8e<l,  ceases  when  the  rotation  becomes  so  rapid  that  each 
pair  of  black  and  white  sectors  takes  only  ^  second  in  passing  before  the 
eye.     When  a  brighter  illumination  is  used  the  rapidity  must  be  increased 
before  the  llickering  disappears.     That  part  of  the  sensation  which  is  recog- 
nized as  lasting  afler  the  ceasatioD  of  the  stimulus  is  frequently  spoken  of  as 
the  "  after-image." 

Though  tbe  duration  of  the  after-image  is  longer  with  the  stronger  light 
(that  caused  hy  looking  e\'en  momentarily  at  the  sun  la.sting  for  some  time), 
ihe  commencemeut  of  the  decline  of  the  sensation  begins  relatively  earlier, 
hence  the  greater  difliculty  in  the  complete  fusion  of  successive  eenaatioos 
with  the  stronger  light.  The  interval  at  which  fusion  takes  place  differs 
with  different  colors,  being  shortest  with  yellow,  intermediate  with  red,  and 
longest  with  blue. 

The  duration  of  a  stimulus  necessary  to  call  forth  a  sensation  ia  exceed- 
ingly short ;  thus  the  shortest  possible  flash,  such  as  that  of  an  electric  spark, 
gives  rise  to  a  sensation  of  light. 

Objects  in  motion  when  illuruinaled  by  a  siugle  electric  spark  appear 
motionless,  the  atimutus  of  the  light  reflected  from  them  ceasing  1)efore  they 
can  make  an  appreciable  change  in  their  position.  When  a  moving  body  is 
illuminatefl  by  several  rapid  Hashes  in  succession,  several  distinct  imager 
corresponding  to  tbe  positions  of  the  body  during  the  several  flashes  are 
generated  ;  the  images  of  the  body  corresponding  tu  the  several  flashes  fail 
on  different  parts  of  the  retina. 

§  747.  The  intensity  of  the  sensation  vanes  with  the  luminous  intensity  of 
the  object;  a  wax  candle  appears  brighter  than  a  rushlight.  The  ratio,  hf>w- 
ever.  of  the  sensation  to  the  stimulus  is  not  a  simple  one.  If  the  lumiuirisity 
of  an  object  be  gradually  increased  fnim  a  very  feeble  stage  to  a  very  bright 
one,  it  will  be  found  that  though  the  corresponding  inflations  likewise  grada* 
ally  increase,  the^ increments  of  the  sensations  due  to  increments  of  the 
luminosity  gradually  diminish ;  and  at  last  an  increa.sc  of  the  luminoaitr 
produces  no  appreciable  increase  of  sensation ;  a  light,  when  it  reaches  a 
certain  brightuess,  a[)|>earg  so  bright  that  we  cannot  tell  when  it  becomes 
any  brighter.  Hence  it  is  much  easier  to  distinguish  a  slight  diflerence  of 
brightness  between  two  feeble  lights  than  the  same  difference  between  two 
bright  lights;  we  c^n  easily  t el!  the  difference  between  a  rushlight  and  a 
wax  candle  ;  but  two  suns,  or  even  two  bright  lamps,  one  of  which  diff*ered 
from  the  other  merely  by  just  the  number  nf  luminous  rays  which  a  wax 
candle  emits  in  addition  to  those  sent  f<jrth  by  a  rushlight,  would  appear  to 
us  to  have  exactly  the  same  brightness.  lu  a  darkened  room  an  object 
placed  before  a  candle  will  throw  what  we  consider  a  deep  shadow  on  a 
sheet  of  pat)er  or  any  white  surface.  If,  however,  sunlight  be  allowed  to 
fall  on  the  paper  at  the  same  time  from  the  opjKisite  side  the  shadow  is  no 
longer  visible-  The  difference  between  the  total  light  reflected  from  that 
part  of  the  pajHir  where  tlie  shadow  was,  and  which  is  illuminated  bv  the  sun 
alone,  and  that  reflected  from  the  rest  of  the  pa|>er  which  is  illuminated  by 
the  candle  as  well  as  by  the  sun,  remains  the  same;  yet  we  can  nn  longer 
appreciate  that  difference. 

On  the  other  hand,  if  using  two  rushlights  we  throw  two  shadows  on  a 
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white  surface  and  move  one  rushlight  away  until  the  shadow  caused  by  it 
ceafleo  to  bo  visible,  and,  having  noted  the  distance  to  which  it  had  to  be 
moved,  repeat  the  same  experiment  with  two  wax  candles,  we  shall  find 
that  the  wax  candle  has  to  be  moved  just  os  far  as  the  rushlight.  In  fact, 
it  is  found  by  careful  observation  that,  within  tolerably  wide  limits,  the 
smallest  difference  of  light  which  we  can  appreciate  by  visual  sensations  is  a 
constant  fraction  I  about  yj^^th )  of  the  total  luiniuosity  employed.  The  same 
law  holds  good  with  regard  to  the  other  senses  as  well.  The  smallest  difference 
in  length  we  can  detect  between  two  lines,  one  an  inch  long  and  the  other  a 
little  less  than  an  inch,  is  the  same  fraction  of  an  inch,  that  the  smallest  dit!er- 
ence  in  length  we  can  detect  between  a  line  a  foot  long  and  one  a  little  leas 
than  a  foot,  is  of  a  foot.  Put  in  a  more  general  form,  then,  the  law,  which 
is  oflen  called  Weber*s  law.'  is  aa  follows:  When  a  stimulus  i=^  continually 
increased,  the  increaae  of  stimulus  neceesary  to  call  forth  the  smallest  appre- 
ciable increaae  of  sensation  always  bears  the  same  proportion  to  the  whole 
stimulus. 

§  748.  DUlinctioti  and  JiUf'wn  of  seiiftalions.  When  light  falls  on  a  large 
portion  of  the  retina  the  total  sensation  produce*!  is  greater  in  amoxnU  than 
when  a  small  portion  only  of  the  retina  is  affected  ;  a  large  piece  of  white 
paper  produces  a  greater  total  effect  on  our  consciousness  than  a  small  one, 
though,  if  the  surfaces  be  uniformly  and  equally  illuminated,  the  intenjiUy  of 
the  sensation  is  in  each  case  the  same;  the  small  piece  of  paj)er  appears  aa 
bright  or  as  *' white'*  as  the  large  one.  If  the  images  of  two  luminous  ob- 
jects fall  on  the  retina  at  sufficient  distances  apart,  the  consequent  sensations 
are  distinct,  and  the  intensity  of  each  sensation  will  depend  solely  upon  the 
luminosity  of  the  corresjwnding  object.  If,  however,  the  two  objects  are 
made  to  approach  each  other,  a  point  will  be  reachwl  at  which  the  two  sen- 
sations are  fused  into  one.  When  this  occurs  the  intensity  of  the  total 
sensation  produced  will  be  greater  than  that  of  either  of  the  sensations 
caused  by  the  single  objects.  A  number  of  luminous  points  scattered  over 
a  wide  surface  would  appear  each  to  have  a  certain  brightness;  each  would 
give  rise  to  a  sensation  of  a  certain  intensity.  If  they  were  all  gathered 
into  one  s[>ot,  that  spot  would  appear  far  brighter  than  any  of  the  previous 
points;  the  intensity  of  the  sensation  would  be  greater.  We  may  therefore 
suppose  the  retina  to  be  divided  into  areas  corresponding  to  sensational 
units.  If  the  imageii  from  two  luminous  objects  fall  on  separate  visual  areas, 
if  we  may  so  call  them,  two  distinct  sensations  will  be  produced  ;  if,  on  the 
contrary,  thev  both  fall  on  the  same  visual  area,  one  sensation  onlv  will  be 
pHMluced.  W'here  the  sensations  are  separate,  the  intensity  of  the  nue 
(with  exceptions  hereafter  to  be  mentioned)  is  not  affected  by  the  presence  of 
the  other;  but  where  they  become  fused  the  intensity  of  the  united  seusa- 
lions  ia  greater  than  either  of,  though  not  equal  to  the  sum  of,  the  single 
sensations.  The  existence  of  these  sensational  units  is  the  basis  of  distinct 
vision.  When  we  speak  of  the  smallest  size  visible  or  distinguishable,  we 
are  referring  to  the  dimensions  of  the  retinal  areas  corresponding  to  these 
sensational  units.  The  retinal  area  must  be  carefully  distinguished  from  the 
eensational  unit,  for  the  sensation  is,  as  we  have  seen,  a  process  whose  arena 
stretches  from  the  retina  to  certain  parts  of  the  brain,  and  the  circumscrip- 
tion of  the  sensational  unit,  though  it  must  begin  as  a  retinal  area,  must  also 
be  continued  as  a  cerebral  area  in  the  brain,  the  latter  corresponding  to, 
and  being  as  it  were  the  projection  of,  the  former.  With  most  people  two 
stars  apf>ear  as  a  single  star  when  the  distance  Itetween  them  subtends  an 

1  rmm  whU'h  Fcrhnfr.  by  kh  urampUoD,  obUlned  a  maibenuUnd  expreadon  or  ftMrmtila,  wbleb 
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angle  nf  leas  than  60  seconds;  aud  the  best  eyes  generally  fail  to  distinguifl 
two  parallel  white  streaks  when  the  distance  between  the  two,  ineaAurdfl 
from  the  middle  of  each,  subtends  au  angle  of  less  than  73  seconds.  Some, 
however,  can  distinguish  objects  50  seconds  distant  from  each  other.  An 
angle  of  73  seconds  in  an  object  corresponds  in  the  diagrammatic  eye  (see 
p.  894}  to  the  length  of  o.8b  /j  in  the  retinal  ituage/  aud  one  of  50  i«ecou<lf 
to  3.65  fi. 

§  749-  In  the  human  eye  50  cones  may  be  counted  along  a  line  of  200  ■ 
in  length  drawn  through  the  centre  of  the  yellow  spot;  this  w<iu!d  give  4  *« 
for  the  distance  l)etween  the  centres  of  two  adjoining  couea  in  the  yellow 
spot,  the  average  diameter  of  a  coue  ut  its  widcBt  purt  l>eing  '•^  //.  aud  there 
being  slight  intervals  between  neighboring  c^nes.  Hence,  if  we  tako  the 
centre  of  a  cone  aa  the  centre  of  an  anatomical  retinal  area,  these  anatomical 
areas  correspond  very  fairly  to  the  physiological  visual  ureas  as  determined 
above.  That  is  to  say,  if  two  points  of  the  retinal  image  are  leas  than  4  j^ 
apart,  they  may  both  He  within  the  area  of  a  single  cone;  and  it  is  just 
when  they  are  less  than  about  4  u  apart  that  they  cease  to  give  rise  lo  iwo 
distinct  seasations.  It  must  be  remembered,  however,  that  the  fusion  or 
distinction  of  the  sensations  h  ultimately  determined  by  the  brain  and  not 
by  the  retina.  Two  points  of  the  retinal  image  less  than  4  u  apart  might 
lie  both  within  the  area  of  a  single  couc;  but  the  reason  why,  under  such 
circumstances,  they  gire  rise  to  one  sensation  only  is  not  because  one  cone- 
fibre  only  is  stimulated.  Two  points  of  a  retinal  image  might  lie,  one  oo 
the  urea  of  one  cone  and  another  on  the  area  of  an  adjoining  c-one.  and  still 
be  le«a  than  4  ^  apart;  in  such  a  case  two  cone-fibres  would  be  stimulated, 
and  yet  only  one  sensation  would  be  produced.  So  also  in  the  le^a  sensitive 
|>eripheral  parts  of  the  retina  two  points  of  the  retinal  image  might  ettmu- 
late  two  cones  a  considerable  distance  apart,  and  yet  give  rise  to  one  sensa- 
tion only. 

In  the  case  where  the  two  points  lie  entirely  within  the  area  of  a  single 
cone,  it  is  exceedingly  probable  that,  even  if  the  adjacent  cones  or  cone- 
fibres  in  the  retina  are  not  at  the  same  time  stimulated,  impulses  radiate 
from  the  cerebral  ending  of  the  excited  cone  into  the  neighboring  cerebral 
endings  of  the  neighboring  cones;  in  other  words,  the  sensation -area  in  the 
brain  does  not  exactly  correspond  to  and  is  not  sharply  defined  like  the 
retinal  area,  btit  gradually  fades  away  into  neighboring  Hensation-areas- 
AVe  may  imagine  two  points  of  the  retinal  image  so  far  apart  that  even  the 
extreme  margins  of  their  re8f>eclive  4',erebral  sensation  ureas  do  not  touch 
each  other  in  the  least;  in  such  a  case  there  can  be  no  doubt  about  the  two 
|}uiuts  giving  rise  to  two  seneations.  We  might,  however,  imagine  a  second 
case  where  two  points  were  just  so  far  apart  that  their  respective  seusatton- 
areas  should  coalesce  at  their  margins,  and  yet  that,  in  passing  from  the 
centre  of  oue-sensation-area  to  the  centre  of  the  other,  we  should  find  m 
examination  a  considerable  fall  of  sensation  at  the  jtinction  of  the  two 
areas  ;  and  in  a  third  case  we  might  imagine  the  two  centres  to  Ite  so  cl'we 
10  each  other  that  in  passing  from  one  to  the  other  no  appreciable  diminu- 
tion of  sensation  could  be  discovered.  In  the  last  case  there  would  be  but 
one  sensation,  in  the  second  there  might  still  be  two  sensations  if  the  ma^ 
gjnal  fall  were  great  enough,  even  though  the  areas  partially  coale«ced. 
Thus,  though  the  mosaic  of  rods  and  cones  is  the  basis  of  distinct  vision,  ihs 
distinction  or  fusion  of  two  vision  impulses  is  ultimately  determined  by  th« 
dis{K)sition  aud  condition  <if  the  cerebral  centres.  Uence  the  pooiibilitT  tif 
increasing  by  exercise  the  faculty  of  distinguishing  two  sensations,  sincv  by 

^  By  /<  U  meant  one-ttiooiandtb  of  &  mimmetre. 
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use  the  cerebral  senwition-areas  become  more  and  more  diflferentiated. 
however,  U  even  more  strikingly  shown  in  touch  than  in  sight. 
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§  760.  When  we  allow  sunlight  reHected  from  a  cloud  or  sheet  of  paper  to 
fall  into  the  eye.  we  have  a  aeusation  which  we  call  a  sensation  of  white  light. 
When  we  Irmk  at  the  same  light  through  a  prism,  and  allow  different  part« 
of  the  spectrum  Lo  fall  in  succession  into  the  eye,  we  have  sensations  which 
we  call  respectively  sensationB  of  red,  orange,  yellow,  green,  blue,  violet,  etc., 
light.  In  other  words,  raya  of  light  falling  on  the  retina  give  rise  to  differ- 
ent sensations,  according  to  the  wave-lengths  of  the  rax^s.  Though  we  speak 
of  the  spectrum  as  consisting  of  a  few  colors,  such  as  red,  orange,  etc., 
there  are  an  almost  inOuite  number  of  intermediate  tints  in  the  spectrum 
it^elf;  and  we  |>erceive  in  external  nature  a  large  number  of  cjIofs,  such  aa 
purple,  brown,  gray,  etc.,  which  do  not  correspond  to  any  of  the  color  sen- 
sations gained  by  regarding  the  successive  parts  of  the  spectrum.  We  find, 
however,  on  examinaticm,  that  certain  distinct  color  senaaiions,  not  corre- 
sponding to  any  of  the  colors  of  the  spectrum,  may  be  obtained  by  the 
fusion  of  the  sensations  cuuseii  by  two  or  more  of  the  prismatic  colore. 
Thus  purple,  which  is  not  present  in  the  spectrum,  may  be  at  <mce  produced 
by  fusing  the  sensations  of  blue  and  red  in  pro{:ii^r  pro|>t)rtious.  Moreover, 
many  of  the  various  tints  and  shades  of  nature  may  be  imitated  by  fusing  a 
particular  color  sensation  with  the  sensation  of  white,  or  by  allowing  a  cer- 
tain (|uantity  of  light  of  a  particular  color  to  fall  sparsely  over  the  area  of 
the  retina,  which  is  at  the  same  time  protected  fn)m  the  access  nf  any  other 
light,  1.  e.,  as  we  say.  by  mixing  the  color  with  black.  Thus  the  browns 
of  nature  result  from  various  admixtures  of  yellow,  red,  white,  and  black  ; 
and  a  small  "quantity  of  white  light,  scattered  over  a  large  area  of  the  retina, 
t.  €.,  white  largely  mixc<l  with  black,  forms  a  gray.  In  fact,  the  qualities  of 
a  color  de|>end  (1)  on  the  nature  of  the  prismatic  color  or  colors,  t.  e.,  on  the 
wave-lengths  of  the  constituent  rays,  falling  on  a  given  urcu  of  the  retina; 
(2)  on  the  amount  of  this  colored  light  which  falls  on  the  area  of  the  retina 
io  a  given  time  ;  and  (3)  on  the  amount  of  white  light  falling  on  the  same 
area  at  the  same  time.  When  rays  corresponding  to  a  prismatic  c«:dor  fall 
upon  the  retina  uuaccom{>anied  by  any  white  light,  the  color  is  said  to  be 
"  saturated ; "  and  a  color  is  spoken  of  aa  more  or  less  saturated  according 
as  it  is  mixed  with  less  or  more  white  light.  When  we  are  led  to  describe  a 
color  as  being  of  such  a  tint  or  hue,  we  are  guided  by  the  first  of  the  above 
conditions.  But  we  have  no  common  phrases  by  which  we  distinguish  the 
second  of  the  above  conditions  frum  the  third.  The  word  *'  pale,'*  it  is  true, 
is  most  frequently  used  to  expre»«  a  color  very  slightly  saturated ;  hut  the 
words  "rich"  or  "deep"  are  used  sometimes  as  meaning  highly  sttiurated. 
sometimes  as  meaning  simply  iJiat  a  large  quantity  of  light  of  the  pariicular 
hue  is  passing  into  the  eye.  .So  also  with  the  phrase  "bright;"  this  we 
often  use  when  a  large  amount  of  colored  and  white  light  fall  at  the  same 
time  on  the  same  retinal  area,  but  we  sometimes  alao  use  il  to  expraea  the 
mere  intensity  of  the  sensation. 

The  best  method  of  fusing  color  sensations  is  thut  adopted  by  Maxwell,  of 
alluwing  two  diffureut  parl«  of  the  sitectruui  to  fall  un  the  same  part  uf  the  retina 
ai  ihi*  Kitiie  (iuic.  The  use  of  the  (ture  prisnmlio  colors  eliminates  errors  which 
ariw  when  pigments,  the  colors  of  which  arc  not  pure,  but  mixed,  are  employed. 
And  where  pi^ment«  are  used,  it  is  the  sonsutions  to  which  the  pi^ment^  f^lve  rise 
which  must  bu  mixed  and  not  the  piguienia  themseUes.    Thus  while  the  seusa- 
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lions  ituined  by  looking  at  gamboge  yellow  ami  indigo  respectrte^^rBw 
give  rlne  to  ti  sensation  of  whit«,  j^amboKC  and  indigo  thcruscWcs  wben  mixed 
appear  gre«n.  The  color  of  the  mixed  pigment  is  due  to  the  fact  that  the  ray» 
which  reach  the  eve  from  tlie  mixture  are  those  which  are  least  absorbed  by  the 
two  pigments.  The  gamboge  absorbs  the  blue  rays  very  largely,  but  the  green  to 
a  much  le^s  extent;  while  the  indigo  absorbs  the  red  and  yellow  myi;  very 
largely,  but  also  absorbs  very  little  of  the  green.  Ilence  green  is  the  predouiiuaul 
hue  of  the  mixture.  When  pure  pigments,  r.  e.^  pigments  correspoodinf?  as  dosely 
as  possible  to  the  prismatic  colors,  are  used,  satisfactory  results  mav  be  gaioed, 
either  by  using  the  reflected  image  of  one  pigment,  and  arranging  so  that  it  falU 
on  the  retina  at  the  same  sput  as  the  direct  image  of  the  other  pigment,  or  by 
allowing  the  image  of  one  pigruent  to  fall  on  the  retina  before  the  sensation  pro- 
duced by  the  other  hns  pussed  uway.  The  first  result  is  easily  reached  by  Helm- 
holtz's  simjile  method  uf  placing  two  pieces  of  colored  paper  a  little  distance 
apart  on  a  table,  one  on  each  side  of  a  glass  plate  inclined  at  an  angle.  By  looking 
with  one  eye  duwri  on  the  glass  plate  the  reflected  image  of  the  one  paper  may 
be  luade  to  coincide  with  the  direct  image  of  the  other,  the  angle  which  tne  glaoi 
plate  makes  with  the  table  being  adjusted  to  the  dit^tance  between  the  piecca  of 
pajier.  In  the  second  method,  the  "color  top  '*  is  used  ;  sectors  of  the  colors  to 
be  investigated  are  placed  on  a  di^c  made  to  rotate  very  rapidly,  and  the  image 
of  one  color  is  thus  brought  to  bear  on  the  retina  so  soon  a^er  the  Image  of 
another,  that  the  two  sen.^ations  are  filled  into  one. 

§  751.  When  the  eensations  corresponding  to  the  several  prismatic  colore 
are  fused  together  in  various  combinatioos.  the  following  reTnarkabte  results 
are  brought  about: 

1.  When  red  and  yellow  in  certain  proportions  are  mixed  together  the 
result  is  a  &ensation  of  orange,  quite  indistinguishable  from  the  orange  of  the 
Bpectrum  itself.  Now  the  latter  is  produced  by  rays  of  certain  wa^-'c-lengths, 
whereas  the  rays  of  red  and  of  yellow  are  respectively  of  quite  different  wave- 
lengths. The  orange  of  the  spectrum  cannot  be  made  up  by  any  mixture  of 
the  red  and  the  yelhw  of  the  spectrum  in  the  sense  that  the  red  and  yellow  raye 
can  unite  together  to  ihrm  rays  of  the  same  wave-lengths  as  the  orange  rays; 
the  three  things  arc  absolutely  different.  It  is  simply  the  mixed  serumXion  uf 
the  red  and  yellow  which  is  so  like  the  netuation  of  orange;  the  mixture  is 
entirely  and  absolutely  a  phyHiological  one.  In  the  same  way  we  may  by 
appropriate  mixtures  produce  the  sen.aations  corresponding  to  other  parts  nl 
the  spectrLim.  Now  we  must  suppose  thut  niys  of  different  wave-lengths 
give  rise  to  different  sensory  impulses ;  that,  for  instance,  the  sensory  impulses 
generated  by  orange  rays  are  different  from  those  generated  by  red  and 
by  yellow  rays.  Hence  we  are  led  by  the  fact  of  mixed  sensations  being 
identical  witli  other  apparently  simple  sensations  to  infer  that  the  sensory 
impulses  which  any  ray  originates  are  either  themselves  of  a  complex  char- 
acter, or  in  becoming  converted  into  sensations  give  rise  to  complex  or  mixed 
seusationa ;  that,  for  instance,  the  impulse  or  sensation  which  a  ray  in  the 
middle  of  the  orange  gives  rise  to,  is  not  a  simple  impulse  or  sensation 
answering  exclusively  to  the  color  of  that  ray,  but  that  the  ray  gives  ri«e 
either  to  a  complex  impulse  which  becomes  converted  into  a  complex  wnat- 
tion,  or  to  a  simple  impulse  which  eventually  tlevelops  into  a  mixed  or 
complex  i^ensation,  intci  the  comp<isitiou  of  which  in  each  case  other  orange 
tints  and  shades  of  red  and  yclhiw  enter, 

§  752.  2.  When  certain  colors  are  mixed  together  in  pairs  in  certAin  defi* 
nite  proportions,  the  result  is  white.     These  colors  are : 

Red  (near  «).'  and  Bhie-Oreen  (near  F) ; 
Oruntfc  {near  C),  and  Blm.'  (between  F  and  G) ; 
YuUow  (near  D],  and  InJigu-Blue  {near  G)  ; 
Green-Yellow  (near  E),  and  Violet  (between  G  and  H), 

I  lliese  Icllen  refer  tn  Fraucnhofer*!  Udm, 
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each  other.     To  these  might  be 


ana  are  said  to  be  *'  compleinentjiry  ' 

atldG<l  the  iieeuliar  iion-prii^tiiutic  color  ptirpte,  which  with  green  aleo  gives 

white. 

8.  If  we  select  arbitrarily  anv  three  colors  correeponding  to  any  three 
partfl  of  the  spectrum  sufficiently  far  apart — say,  for  instance,  red,  green, 
and  blue — we  can,  by  a  proper  adjustment  of  the  proportions  of  each,  pro- 
duce white.  Further,  these  three  colors  can  be  taken  in  such  pro(M>rtion8  as 
with  a  proper  addition,  if  necessary,  of  while  to  produce  the  sensations  of  all 
other  colors.'  That  is  to  say,  given  three  standanl  ^nsatioos,  all  the  other 
sensations  may  be  gained  by  the  proper  mixture  of  these. 

^  753.  It  is  obvious  from  the  foregoing  that  our  real  color  sensations  are 
much  fewer  in  number  than  those  which  we  appear  to  have  when  we  look  on 
the  colors  of  the  spectrum  or  of  nature  ;  that  rays  of  light  awake  in  us  cer- 
tain simple  sensations,  which  mixed  in  various  proportions  reproduce  all  our 
sensations.  And  the  question  arises,  What  is  the  nature  or  whqt  are  the 
characters  of  these  simple  sensations? 

When  we  examine  our  own  sensations  of  light  we  find  that  certain  of  these 
aeem  to  be  quite  distinct  in  nature  from  each  other,  so  that  each  is  something 
mti  fjenerii*,  whereas  we  eajiiily  recognize  all  other  eensaliouH  as  various  mix- 
tures of  these.  Thus  red  and  yellow  are  to  us  quite  distinct;  we  do  not 
recognize  anything  common  to  the  two ;  but  orange  is  obviously  a  mixture 
of  red  and  yellow.  The  sensHliotis  cautKnl  by  diHerent  kinds  of  light,  which 
thus  ap|)ear  to  us  distinct,  and  which  we  may  si)eak  of  as  "fundamental  sen- 
sations," are  white,  black,  red,  yellow,  green,  blue.  Each  of  these  seems  to 
us  to  have  nothing  in  common  with  any  of  the  others,  whereas  in  all  other 
colors  we  can  recognize  a  mixture  of  two  or  more  of  these. 

This  result  of  common  experience  suggests  the  idea  that  these  fundamental 
sensations  are  the  primary  or  simple  sensations,  spoken  of  above  as  those  out 
of  which  all  other  sensations  may  be  supposed  to  be  compounded.  And  a 
theory  has  been  pro[)Ose<l  to  reconcile  the  various  facts  of  color  vision,  with 
the  sup[X)sitiou  that  we  possess  these  six  fundamental  sensations.  This 
thei^rv,  known  as  that  of  Hering,  is  somewhat  as  follows  :  The  six  sensationa 
reaidily  fall  into  three  pairs,  the  members  of  each  pair  having  analogous  rela- 
ti(ms  to  each  other.  White  and  black  naturally  go  together,  the  one  beiug 
the  antagonistic  or  correlative  of  the  other.  There  is  a  similar  connection 
l>etweeu  red  and  green,  the  one  being  the  complementary  of  the  other,  and 
between  yellow  and  blue,  which  are  similtirly  complementary.  We  saw 
reason,  a  short  time  back  (p.  914),  for  believing  that  vision  originates  io 
the  changes  taking  place  in  certain  visual  substances  (or  a  visual  substance) 
in  the  retina.  And  the  theory  of  which  we  are  sj^eaking  supposes  that  there 
exist  in  the  retina,  or  at  least  somewhere  in  the  visual  apparatus,  three  dis- 
tinct visual  substances  which  are  continually  undergoing  a  double  metab- 
olism, one  constructive,  of  assimilation  or  building  up,  and  the  other 
destructive,  of  dissimilation  or  breaking  down.  One  of  these  substances  ia 
further  of  such  a  nature  that  when  dissimilation  is  in  excess  of  assimilation 
we  have  a  sensation  of  white,  and  when  assimilation  is  in  excess  a  sensation 
of  black.  With  a  second  substance  excess  of  dissimilation  provokes  red,  of 
assimilation  green  ;  and  with  the  third  substance,  yellow  and  blue  respect* 
ively.  When  in  the  latter  two  sul>stanee8  dif^imilation  and  assimilation  are 
exactly  equal,  no  efi'ect  is  prt»fluced  ;  but  with  the  first  subi^tance  this  con- 
dition pr'KJuces  in  us  the  effect  of  gray.  Further,  these  substances  are  of 
such  a  kind  that  while  the  first  or  white-black  substance  is  influencetl  by 


>  A  few  bltfhljr  mliimlud  colon  cnnnot  be  sn  trnmdurcd.  Iitit  «  nilxturv  vf  shy  mte  nf  ilirm  hUIi 
wblt«cftii.  ^Vt<  max,  wrbAtH.  thcnrforr  nvmk  (ifthpse  taturated  colun  a*  bcliiK  rrprfxluccd  hf  % 
proper  oaraUiuiloo  of  ibe  taree  arbltnully  Nlacted  colon,  with  the  mbmetton  or  wbhe. 
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rays  along  the  whole  range  of  the  s|>ectrum,  the  two  other  Bubstanoes  are 
differently  influeucefl  by  rays  of  different  wave-length.  Thus  in  the  part  of 
the  spectrum  which  we  call  red,  the  rays  promote  a  rapid  ditisinnlation  of 
the  red-green  aubslance  with  comparatively  slight  effect  in  either  direction 
on  the  y el low-l)lue  substance;  hence  our  sensation  of  red.  In  that  part  of 
the  spectrum  which  we  call  yellow  the  rail's  effect  a  marked  diasirailation  of 
the  yellow-blue  substance,  but  their  action  on  the  red  green  subacauce  ia 
etpial  ia  the  direction  of  both  assimilation  and  dissimilation;  hence  nursen- 
sation  of  yellow.  The  green  rays,  again,  promote  assimilation  of  ihe  red- 
green  substance,  leaving  the  assimilation  of  the  yeltow-blue  substance  equal 
to  the  dissimilation,  and  similarly  blue  rays  cause  assimilation  of  the  yellow- 
blue  substance,  and  leave  the  red-green  substance  neutral.  Finally  at  the 
extreme  blue  end  of  the  spectrum,  the  rays  once  more  provoke  di.ssimilatioD 
of  the  red-green  substance.  When  orange  rays  fall  on  the  retina,  there 
18  an  excess  of  dissimilation  of  both  the  red-green  and  the  yellow-blue 
substance;  when  irreeniflh-hliie  rays  are  |>erceived  there  in  an  excess  of 
a^imilatiou  of  both  these  jsubstances ;  and  other  intermediate  tints  corre- 
spond to  variable  amounts  of  dissimilation  or  assimilation  of  two  or  more  of 
these  substances. 

§754.  When  all  the  rays  together  fall  on  the  retina,  the  red-green  and 
yellow-blue  substance  remain  in  equilibrium,  but  the  while-black  suhsianoe  it 
violently  dissimilated  ;  and  we  say  the  light  is  white. 

Another  theory  (known  aa  the  Young-Helmholtz  theory,  because  it  wm 
introduced  by  Young  and  mure  fully  elaborated  by  HelmholtE)  strives  to 
reduce  the  matter  to  stitl  ftirttier  simplicity.     Starting  from  the  fact  roen- 
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lilAGBAM   OF  TUItKE   flllUABY    (JOLOB  SlUtSATIUNH. 

1  ifl  tbe  so-callod  •■  rod."  2  "green,"  and  3  "  violet  "  primary  «rlor  sCDiaUon.  A\  0.  V.  *t<.-.  repn^ 
scut  tho  red,  omnge,  yellow,  etc  ,  color  of  the  spectnim,  and  tbe  dlatoam  sbowi  by  i  hu  licl^lit  uf  ibe 
curve  In  enoh  case,  to  whut  extent  the  seveml  piiuur)'  color  aeiuuiUuiK  are  respecUreIr  e-xclt«*i1 1^ 
vibntlona  of  dlfltorent  warfr*leiigtbs. 

tinned  a  short  time  since,  that  all  color  sensations,  including  the  sensAtioa  of 
white,  may  be  obtained  by  the  appropriate  mixture  of  three  standard  sensa- 
tions, this  theory  teaches  that  our  visual  apparatus  is  S4)  constituted  as,  when 
excited,  to  give  rise  to  three  primary  sensatitms,  and  that  these  primary  sen- 
sations are  called  forth  in  different  degrees  by  <lifferent  rays  of  light,  so  that 
each  ray  gives  rise  to  a  different,  mixture  of  the  three.  Several  nets  of  three 
such  primary  sensations  might  be  chosen,  which  would  satisfy  the  conditions 
of  giving  rise,  by  appropriate  mixture,  to  all  s-ensations  of  color,  including 
white;  but  for  reasons  into  which  we  cannot  enter  fully  here,  the  sensations 
which  may  thus  be  taken  as  primary  sensations  appear  to  correspond  to  our 
sensations  of  red,  green,  and  blue  or  violet.  Such  a  view  of  three  primary 
color  sensations  is  represented  in  the  diagram  (Fig.  235).     Thus  the  red 
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primary  sensation.  excite<l  to  a.  certaiu  extent  by  the  rays  at  the  extreme  red 
encJ,  is  most  powerfully  atfecteil  by  the  rays  at  a  little  distance  from  the  enJ. 
the  rays  from  this  point  onward  toward  the  blue  end  producing  less  and  leas 
effect.  The  curve  of  the  green  primary  sensation  begin-'*  later,  and  roAches 
its  maximum  in  the  green  of  tiie  spectrum,  while  the  blue  or  violet  primary 
sensation  is  still  later,  and  only  reaches  its  maximum  toward  the  blue  end  of 
the  s|>ectrum.  Each  ray  calls  forth  each  sensation,  but  to  a  diHerent  degree, 
and  the  total  result  of  each  ray.  or  of  each  group  of  rays,  is  determined  by 
the  proportionate  amount  of  the  three  sensations.  Thus  the  sensation  of 
orange  (O  in  the  figure)  is  brought  about  by  a  mixture  of  a  great  deal  of 
the  primary  red  with  much  less  of  the  primary  green,  and  hardly  any  of  the 
primary  blue;  the  orange  sensation  is  converted  into  a  yellow  sensation  by 
diminii^hing  the  primary  red  and  largely  iucreasing  the  primary  green,  the 
primary  blue  undergoing  also  some  alight  increase.  And  similarly  with  all  the 
other  sensatiims.  When  each  of  the  primary  sensations  is  excited  to  a  maxi- 
mum,  as  when  ordinary  light  falls  on  the  retina,  the  result  is  a  sensation  of 
white.  According  to  this  theory,  black  is  simply  the  absence  of  sensation 
from  the  vi»)ual  apparatus. 

In  the  view,  as  originally  put  forward  by  Young,  the  three  primary  sen- 
sations were  supi>ose<l  to  be  represented  by  three  sets  of  fibres,  each  set  of 
fibres  l)eing  differently  affected  by  different  rays  of  light,  and  the  impulses 
passing  to  the  brain  along  each  set  awakening  a  distinct  sensation.  No  such 
distinction  of  fibres  can  be  found  in  the  retina;  but  an  anatomical  basis  of 
this  kind  is  not  necessary  for  the  theory  ;  we  can  easily  conceive  of  the  same 
fibre  transmitting  three  distinct  kimls  of  impulses;  or  we  may  suppose  that 
the  visual  substances  are  three  in  number  instead  of  six,  the  changes  in  each 
mibstance  provoking  a  primary  sensation. 

$  756.  Such  are  the  two  main  theories  of  color  vision ;  and  much  may  be 
said  in  favor  of  both  of  them  ;  at  the  same  time  both  of  them  present  many 
ditficulties.  To  discuss  them  fully  Is  a  task  beyond  the  limits  of  this  b*>ok,und 
to  discuss  them  in  any  but  a  full  manner  would  be  unsatisfactory.  We  must 
be  satisfied,  therefore,  with  the  foregoing  simple  statement  of  the  two  views. 
Independently  of  any  theory,  however,  wo  may  remember  (1)  that  all  the 
sensations  which  we  ex[>ericnce  under  the  action  of  light  of  whatever  kind 
may  be  reduced  to  six — white,  black,  re<i,  yellow,  green,  and  blue;  and  (2) 
that  these  may  be  all  reproduced  by  various  mixtures  of  three  standard  sen- 
sations, if  black  be  allowed  to  indicate  the  absence  of  all  sensation.  These 
are  matters  of  fact ;  what  is  at  present  debated  is  whether  the  six  fundamental 
sensations  are  the  outcome  of  three  primary  sensations  or  whether  they  repre- 
sent six  distinct  conditiouH  of  the  visual  apparatus. 

§756.  Color-blind i^ejts.  Persons  vary  much  in  their  power  of  appreciating 
and  discriminating  color,  (.  t.'.,  in  the  intensity  and  accuracy  of  their  color  sen. 
sations :  and  some  people  regard  as  similar,  cfilors  which  to  most  people  are 
glaringly  distinct ;  thes^e  latter  are  said  to  be  "  color-blind."  The  most  cora- 
luon  form  of  color-blindness  is  that  of  persons  unable  to  distinguish  green 
and  re<l  from  each  other.  As  in  the  case  of  Dulton,  they  tell  a  red  gown 
lying  on  a  green  grass  plot,  or  a  red  cherry  among  the  green  leaves,  by  its 
form,  and  not  by  its  color.  They  confound  not  only  red,  green,  and  certain 
forms  of  brown,  but  also  rose,  purple,  and  blue.  Such  ()ersons  are  often 
spoken  of  as  "red  blind."  On  the  Hering  theory  ihey  lack  the  red  green 
visual  substance  ;  hence,  all  the  colorsensations  they  possess  must  be  those  of 
yellow  and  blue  free  from  all  mixture  of  red  or  green ;  and  such  accnnnta 
as  have  betm  given  of  their  setiaations  by  those  persons  who  are  '*  red  blind" 
iu  one  eve,  but  |K»ssess  normal  vision  with  the  other,  accord  with  this  conclu- 
sion.    On  the  Voung-Helmhohz  tlieory,  such  persons  lack  the  primary  redL 
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sensation  ;  and  hence  the  sensations  which  they  have  must  be  luixluret  of 
green  and  blue  alone,  our  yellow  appearing  to  them  a  bright  green,  and  our 
green-blue  a  kind  of  gray. 

All  such  red-blind  people  ought,  on  either  theory,  to  be  lesB  affected  than 
are  persons  with  normal  eyes,  by  the  red  end  of  the  spectrum;  this  ought 
with  them  to  be  shortenetl  and  obscure.  In  a  certain  number  of  persona 
who  confound  red  and  green,  this  is  the  case ;  but  in  some  instances  uo  such 
lack  of  appreciation  of  the  red  end  of  the  spectrum  can  be  ascertained.  Such 
cases  have  been  supposed  to  be  green  blind,  that  is,  lacking  the  primary  $eo- 
Bation  of  green.  According  to  the  Hering  theory  green  blindness  apart  from 
red  blindness  is  impossible,  the  only  two  possible  color  defects  being  red-greeo 
and  blue-yellow  blindness.  And  the  existence  of  distinct  green  blindnen 
has  been  held  to  contradict  that  theory.  On  the  other  hand,  the  Hering 
theory  admits  the  possibility  of  total  color-blindness,  i.  e.^  the  inability  to  6e« 
anything  but  white  and  black ;  and  this  on  the  Young-Helroholtz  theory,  is 
impossible,  since  for  vision  to  exist  at  all,  one  of  the  three  primary  sensatJi* 
must  be  present ;  a  man  to  see  at  all  must  see  things  in  various  shades 
either  red,  or  of  green,  or  of  violet,  though  he  may  confound  this  single-* 
colored  vision  with  the  normal  vision  of  white  of  diH'erent  intensities.  But, 
indeed,  a  full  examination  of  color-blindness  rather  increases  than  dimiDlshed 
the  difficulties  of  deciding  between  the  two  rival  theories. 

§  757.  Influence  of  the  pigment  of  the  yellow  frpot.  In  the  macula  luten,  which 
part  of  the  retina  we  use  chieliy  for  vision,  images  falling  on  other  jtarts  of 
the  retina  being  said  to  give  rise  to  "  indirect  vision,"  the  yellow  pigment 
absorbs  some  of  the  greenish-blue  rays.  Hence,  the  sensation  which  we  re- 
ceive from  objects  which  we  are  in  the  habit  of  calling  white  is  that  which, 
if  this  pigment  were  absent,  we  should  receive  from  objects  more  or  less  yel- 
low. We  may  use  this  feature  of  the  yellow  spot  for  the  purpose  of  making 
the  spot,  so  to  speak,  visible  to  ourselves,  by  an  experiment  auggested  by 
Maxwell.  A  Solution  of  chrome  alum,  which  only  transmits  red  and  green- 
ish-blue rays,  is  held  up  between  the  eye  and  a  white  cloud.  The  greenish- 
blue  rays  are  absorbed  by  the  yellow  spot,  and  here  the  light  gives  riae  to  a 
sensation  of  red  ;  whereas  in  the  rest  of  the  held  of  vision,  the  sensation  is 
that  ordinarily  produced  by  the  purplish  solution.  The  yellow  spot  is  conse- 
quently marked  out  as  a  rosy  patch.     This  very  soon,  however,  die«  away. 

In  speaking  of  sensation  as  a  function  of  the  stimulus,  p.  91 T),  we  referred 
to  white  light  only  ;  but  the  different  colors  are  unequal  in  the  relations 
borne  by  the  intensity  of  the  stimulus,  to  the  amount  of  sensation  prriduced. 
Thus  the  more  refrangible  blue  rays  produce  a  sensation  more  readily  than 
the  yellow  or  red  rays.  Hence,  iu  dim  lights,  as  those  of  evening  and  moon- 
light, the  bines  preponderate,  and  the  reds  and  yellows  are  less  obvioua.  So 
also  when  a  landscape  is  viewed  through  a  yellow  glass,  the  yellow  hue  sug- 
gests to  the  mind  bright  sunlight  and  summer  weather,  although  the  actual 
diumination  which  reaches  the  eye  is  diminished  by  the  glass.  Conversely, 
when  the  same  landscape  is  viewed  through  a  blue  glass  the  idea  of  moonlight 
or  winter  is  suggested. 

The  theory  of  three  primary  color  sensations  may  be  used  to  explain  why 
any  colored  light,  if  made  sufficiently  intense,  appears  while.  Thus  a  violet, 
light  of  moderate  intensity  appears  violet  because  it  excites  the  primarv  sen- 
sation of  violet  much  more  than  those  of  green  and  red.  If  the  stimulus  be 
increased  the  ninximuin  of  violet  stimulation  will  be  reached,  while  the  stimu- 
lation of  green  will  continue  to  be  increased  and  even  that  of  red  to  a  slight 
degree.  The  result  will  be  that  the  light  appears  violet  mixed  with  green, 
that  is  blue.  If  the  stimulus  be  still  further  increased  while  the  green  and 
violet  are  both  excited  to  the  maximum,  the  red  stimulation  mav  be  increased 
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{mttl  the  result  is  violet,  green,  and  red  in  the  proportions  which  make  white 
light.     And  so  with  light  of  other  colors. 

§758.  After-hnage^.  We  have  already  seen  that  in  vieion  the  scneation 
lasts  much  longer  than  the  stimulus.  Under  certain  circumBtanccs.  such  as 
particular  conditions  of  the  eye,  au  intense  stimulut*.  etc.,  the  aensatiou  is  so 
prolonge^i,  that  it  is  spoken  of  as  an  after-image.  Thus,  if  the  eye  be  directed 
to  the  sun,  the  image  of  that  b<>dy  is  pre^nt  for  a  long  while  after;  and  if, 
on  early  waking,  the  eye  be  directed  to  the  window  for  an  instant  and  then 
closed,  an  image  of  the  window  with  its  bright  panes  and  darker  sashes,  the 
various  parts  being  of  the  same  color  as  the  object,  will  remain  for  au  appre- 
ciable time.  These  images,  which  are  simply  continuations  of  the  f»enaation, 
are  spoken  of  as  positive  afier-inutges.  They  are  best  seen  after  a  momentary 
exposure  of  the  eye  to  the  stimulus. 

When,  however,  the  eye  has  been  for  some  time  subject  to  a  stimulus,  the 
seusation  which  follows  the  withdrawal  of  the  stimulus  is  of  a  ditfereut  kind; 
what  is  called  a  neffaiive  after-image^  or  iiegative  image,  is  produced.  If,  afler 
hxfking  steadfastly  at  a  white  patch  on  a  black  ground,  the  eye  be  turned  to 
a  white  ground,  a  gray  patch  is  seen  fur  some  little  time.  A  black  patch  on 
a  white  ground  similarly  gives  rise  on  a  gray  grouud  to  a  negative  image  in 
•the  form  of  a  white  jmtch.  This  may  be  explained  as  the  result  of  exhaus- 
tion. When  the  white  patch  has  been  looked  at  steadily  for  some  time,  that 
|)art  of  the  retina  on  which  the  image  of  the  patch  fell  becomes  tired  ;  hence, 
the  white  light,  coming  from  the  white  ground  sulisequently  looked  at,  which 
falls  on  this  part  of  the  retina,  does  not  produce  so  much  sensation  as  in 
other  parts  of  the  retina  ;  and  the  imager  con^quently,  appears  gray.  And 
BO  in  the  other  instance,  the  whole  of  the  retina  is  tired,  except  at  the  patch  ; 
here  the  retina  is  for  a  while  most  sensitive,  and  hence  the  white  negative 
image. 

When  a  red  patch  is  lm>ked  at,  the  negative  image  is  a  green-blue,  that  is, 
the  color  of  the  negative  ituagc  is  complementary  to  that  of  the  object.  Thus, 
also,  orange  produces  a  blue,  green  a  pink,  yellow  an  indigo-blue,  negative 
image,  and  so  on.  This,  too,  can  be  explained  as  a  restilt  of  exhaustion  on 
either  hypc^thesis  of  color  vision.  When  the  colored  patch  is  looked  at,  one 
of  the  three  primary  color  sensations  is  much  exhausted,  and  the  other  two 
less  so.  in  varying  proportions,  according  to  the  exact  nature  of  the  color  of 
the  patch  ;  and  the  less  exhausted  sensations  become  prominent  in  the  ailer- 
image.  Thus,  the  red  patch  exhausts  the  red  sensation,  and  the  negative 
image  is  made  up  chiefly  of  green  and  blue  sensations,  that  is,  appears  to  be 
greenish-blue,  or  bluish-green,  according  to  the  lint  of  the  red.  On  the  other 
hypothesis,  we  may  suppose  that,  owing  to  the  cfmtinued  effect  of  looking  at 
the  red  patch,  di.«aimiIation  of  the  red-green  sul>stance  becomes  less  and  less, 
leading  to  a  prominence  and,  indeed,  to  an  actual  increase  of  the  prooesa  of 
•snmitation  of  the  same  substance  ;  hence,  the  sensation  of  green  dominating 
in  the  negative  image. 

Similarly,  when  the  eye,  after  looking  at  a  colored  patch,  is  turned  to  a 
colored  ground,  the  effects  may  easily  be  explained  by  reterence  to  the  com- 
parative exhaustion  of  the  color  sensations  excited  by  the  patch  and  the 
grounil  re!»pectively  ;  if  a  yellow  ground  he  chosen  after  looking  at  a  green 
object,  the  negative  image  will  ap[>ear  oi'  a  reddish-yellow,  and  so  on. 

§  769.  The  theory  of  three  primary  sensations  does  not  so  readily  explain 
why  negative  images  should  make  their  appearance  without  any  subi^equent 
stimulation  of  the  retina.  When  the  eyes  are  shut  and  all  accessof  light,  even 
through  the  eyelids,  carefully  avoided,  the  field  of  vision  is  not  absolutely 
dark  ;  there  is  still  a  sensation  of  light,  the  so-called  *'  proper  light"  of  the 
retina.     If  a  white  patch  on  a  black  ground  be  looked  at  for  some  time,  and 
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the  eyes  then  shut,  a  negative  (black)  image  of  the  spot  will  be  seen  on  the 
ground  of  the  "proper  light"  of  the  retina,  having  in  ita  immediate  neigh- 
borhood a  specially  bright  corona.  So,  also,  if  a  window  be  looked  at  and 
the  eyes  then  closed,  the  jusilive  ailer-iniage  with  bright  panes  and  dark 
sashes  gives  rise  to  a  negative  after-image  with  bright  sashes  and  dark  panes; 
and  similar  effects  appear  with  colors.  These  and  similar  facts  have  been 
largely  used  in  support  of  the  Hcring  theory.  When  the  eye  has  been 
looking  at  red,  and  so  has  caused  dissimilation  of  the  red  green  substance 
mere  rest,  as  on  shutting  the  eyes,  favors  assimilation  of  the  same  substanoe 
and  thus  leads  to  a  sensation  of  green.  And  the  rhythmic  oscillations  from 
one  color  to  its  correlative  and  back  agaiu,  frequently  observed  under  these 
conditions  and  which  point  to  assimilation  and  dissimilation  alternately 
gaining  the  upper  hand,  are  not  without  analogies  in  other  common  iust&ncei 
of  protoplasmic  metabolism. 
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§  760.  Hitherto  we  have  studied  sensations  only,  and  have  considered  aa 
external  object,  such  as  a  tree, as  simply  a  source  of  so  many  distinct  sensation?, 
diifering  from  each  other  in  intensity  and  kind  (color).  In  the  mind  these 
sensations  are  coordinated  into  a  perception.  We  are  not  only  conscious  of 
a  number  of  sensations  of  bright  and  dim  lights,  of  green,  brown,  black,  etc., 
but  these  sensations  are  ho  related  to  each  other  and  by  virtue  of  cerebral 
processes  so  fashioned  into  a  whole,  that  we  "see  a  tree,"  We  sometimes,  in 
illustration  of  such  an  effect,  speak  of  an  image  or  picture  in  the  mind  oar- 
responding  U)  the  physical  image  on  the  retina. 

When  we  look  upon  the  exterual  world,  a  variety  of  images  are  formed  at 
the  same  time  on  the  retina,  and  give  rise  to  a  number  of  contemporaneous 
visual  sensations.  The  sum  of  these  sensations  constitutes  "the  tield  «>f 
vision,"  which  varies,  of  course,  with  every  movement  of  the  eye.  This  liel^H 
of  vision,  being  in  reality  an  aggregate  of  sensations,  is  of  course  a  ^ubhdUf^U 
matter;  but  we  are  in  the  habit  of  using  the  same  phrase  to  denote  the  sum 
of  external  objects  which  give  rise  to  the  aggregate  of  visual  sensation?  ;  in 
common  language  the  iicid  of  virion  is  '*  all  that  we  can  see  **  in  any  po«itioD 
of  the  eye,  and  we  have  a  held  of  vision  for  each  eye  separately  and  for  the 
two  eyes  combined. 

§  761.  Using  for  the  present  the  words  in  their  subjective  sense,  we  may 
remark,  that  we  are  able  to  assign  to  each  (xm^^tituent  sensation  its  place  among 
the  aggregate  of  sensations  constituting  the  Held  of  vision  ;  we  can,  as  we  say, 
localize  the  sensation.  We  can  say  whether  it  belongs  to  (what  we  regard  as) 
the  right  hand  or  left  hand,  the  upper  or  the  lower  [)art,  of  the  tield  of 
vision-  We  are  able  to  distinguish  the  relative  positions  of  any  two  distinct 
sensations ;  and  the  relative  positions,  together  with  the  relative  intensities 
and  qualities  (color)  of  the  sensations  arising  from  any  object  determine  our 
perception  of  the  object.  It  need  hardly  be  remarked  that  this  localizatiijQ 
IS  purely  subjective.  We  simply  determine  the  position  of  the  nnrruiotion  in 
the  field  of  vision  (which  is  itself  a  wholly  subjective  matter)  ;  we  do  not 
determine  the  position  of  the  object.  The  connection  between  the  jioeition 
of  the  object  in  the  external  world  and  the  position  of  the  sensation  in  the 
field  of  vision,  cannot  be  determined  by  visual  observation  alone.  All  the 
information  which  can  be  gained  by  the  eye  is  limited  to  the  field  of  risioo. 
and  provided  that  the  relative  position  of  the  sensations  in  the  field  of  vision 
remained  the  same,  the  actual  position  of  ertemal  objects  might,  as  far  as 
vision  is  concerned,  be  changed  without  our  being  aware  of  it. 
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a  matter  of  fact  the  fieUi  of  vision  in  one  important  particular  does 
not  corrt»p(»ud  to  the  HeKl  of  external  objects.  The  image  on  the  retina  is 
inverted ;  the  rays  of  light  proceeding  t'roiu  un  object  which  by  touch  we 
know  to  he  on  what  we  call  our  right  hand,  fall  on  the  left-hand  side  of  the 
retina.  IC  therefore,  the  field  of  viaion  corresponded  to  the  retinal  image* 
the  object  would  be  seen  on  the  left  hand.  We,  however,  see  it  on  the  right 
band,  because  we  invariably  associate  right*hand  tactile  localization  with 
left-hand  visual  localization  ;  that  is  to  say,  our  iield  of  vision,  when  inter- 
preted by  touch,  is  a  re-inver*ion  of  the  retinal  image. 

The  dimensions  of  the  field  of  vision  of  a  single  eye  are  about  145  degrees 
for  the  horizontal  and  100  degrees  for  the  vertical  meridian,  the  former 
being  distinctly  greater  than  the  latter.  The  horizontal  dimension  of  the 
field  of  vision  for  the  twe  eyes  is  about  180  degrees.  By  movements  of  the 
eves,  however,  even  apart  from  those  of  the  head,  the  extent  may  be  con* 
Biderably  increased. 

The  satisfactory  perception  of  external  nbjecls  re(|uire.s  distinct  vision; 
and  of  this,  as  we  have  already  said,  the  furmation  of  a  di.«tinct  image  on 
the  retina  is  an  essential  condition.  We  can  receive  visual  sensations  of  all 
kinds  with  the  most  imperfect  dioptric  apparatus,  but  our  perception  of  an 
object  ia  precise  in  proportion  to  the  clearness  of  the  image  on  the  retina. 

!j  762.  lituj'ion  of  diaiinct  vimon.  If  we  take  two  points,  such  as  two  black 
dot8»  only  just  so  far  apart  that  they  can  be  seen  distinctly  as  two  when  placed 
near  the  axis  of  vision,  and  then,  keeping  the  axis  fixed,  move  the  two  (M>inta 
out  into  the  ciR'umferential  partJs  of  the  6eld  of  vision,  it  will  be  found  that 
the  two  soon  ap[)ear  as  oue.  The  two  sensations  Ijecome  fuse^J.as  they  would 
do  if  brought  nearer  to  each  other  in  the  centre  of  the  field.  The  further 
ftway  from  the  centre  of  the  field,  the  further  apart  must  two  points  be  in 
onler  that  they  may  be  seen  as  two.  In  other  words,  vision  is  much  more 
distinct  in  the  centre  of  the  field  than  toward  the  circumference.  Practi- 
cally the  region  of  distinct  vision  may  be  said  to  be  limited  to  the  macula 
lutea,  or  even  to  the  fovea  centralis ;  by  continual  movements  of  the  eye  we 
are  constantly  bringing  any  object  which  we  wish  to  see  in  such  a  fKisition 
that  its  image  falln  on  this  region  of  the  retina. 

The  diminution  of  distinctnew  doee  not  take  place  equally  from  the  centre 
to  the  circumference  along  all  meridians.  The  outline  described  by  a  line 
uniting  the  [mints  where  two  spots  cease  to  be  seen  as  two  when  moved  along 
difierent  radii  from  the  centre,  is  a  very  irregular  figure. 

The  sensations  of  color  are  much  more  distinct  in  the  centre  of  the  retina 
than  toward  the  circumference.  If  the  visual  axis  be  fixed  and  a  piece  nf 
coloreii  paper  be  moved  toward  the  outsiile  of  the  field  of  vision,  the  color 
undergoes  changes  and  is  eventually  lost,  red  disapj^earing  first,  and  blue 
laat,  the  object  remaining  visible,  though  with  very  indistinct  outlines,  when 
ita  color  can  he  no  longer  recognized.  A  purple  color  becomes  blue,  and  a 
rose  color  a  bluish  white.  In  fact,  there  seems  to  be  a  certain  amount  of 
red-blindness  in  the  peripheral  parts  of  all  retinas. 
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$  763.  Hince  our  perception  of  external  objects  is  based  on  the  distinctneu 
of  the  sensations  which  go  U*  form  the  perception,  it  might  be  expected  that 
when  an  image  of  an  object  ia  formed  on  the  retina  tne  sensory  impulses 
would  correspond  to  the  retinal  image,  the  sensations  correepond  to  the  sen- 
sory impulses  and  the  f)eroeption  correspond  to  the  sensations,  and  that, 
therefore,  the  mental  condition  resulting  irom  our  looking  at  any  object  or 
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view  would  correspond  exactly  to  the  retinal  ima^.  We  find,  however,  that 
this  is  not  the  case.  The  sensationB  and  probahly  even  the  simple  eenBorr 
impulses  produced  by  an  image  react  upon  each  other,  and  these  reactions 
nitKlify  our  perceptions,  independently  of  the  physical  conditione  of  the 
retinal  image.  There  arise  certain  diserepanciea  between  the  retinal  image 
and  the  perception,  some  having  their  source  in  the  retina,  some  in  the  brain, 
and  othera  being  of  such  a  nature  that  it  is  difficult  to  say  where  the  ir- 
relevancy is  introduced. 

§  764.  Jrradifition.  A  white  patch  on  a  dark  ground  appears  larger,  aD4] 
a  dark  patch  on  a  white  ground  smaller,  than  it  really  is  [Fig.  2i^6].  Tbts 
is  especially  bo  when  the  object  is  somewhat  out  of  focus,  and  may,  in  thii 
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case,  be  partly  explained  by  the  diffusion  circles  which,  in  each  case,  encTcmA 
from  the  white  upon  the  dark.  But  over  and  beyond  this,  any  seiiBatioii, 
coming  from  a  given  retinal  area,  occupies  a  larger  share  of  the  field  of 
vision,  when  the  rest  of  the  retina  and  central  visual  apparatus  are  at  rest, 
than  when  they  are  simultaneously  excited.  It  is  as  if  the  neighboring. 
either  retinal  or  cerebral,  structures  were  sympathetically  thrown  into  action 
at  the  same  lime. 

766.  ContrnHi.  If  a  white  strip  be  placed  between  two  black  strips,  the 
edges  of  the  white  strip,  near  to  the  black,  will  appear  whiter  than  iu 
median  portion ;  and  if  a  white  cross  be  placed  on  a  black  backgnmnd,  the 
centre  of  the  cross  will  appear  sometimes  so  dim,  compared  with  the  |>arU 
close  to  the  black,  as  to  seem  shaded.  This  occurs  even  when  the  object  is 
well  iu  focus ;  the  increased  sensation  of  light  which  causes  the  apparent 
greater  whiteness  of  the  borders  of  the  cross  is  the  result  of  the  "  contrast" 
with  the  black  placed  immediately  close  to  it.  Still  more  curious  results  are 
seen  with  colored  objects.  If  a  small  piece  of  gray  paper  l>c  placed  on 
sheet  of  green  pai>er,  and  both  covered  with  a  sheet  of  thin  tissue  paper,  l 
gray  paper  will  appear  of  a  pink  color,  the  complementary  of  the  greea. 
This  effect  of  contrast  is  far  less  striking,  or  even  wholly  absent,  when  the 
small  piece  of  paper  is  white  iu»tead  of  gray,  and  generally  disappears  when 
the  thin  covering  of  tissue  paper  is  removed.  It  also  vanishes  if  a  bold, 
broad  black  line  oe  drawn  round  the  small  piece  of  paper,  so  as  to  isolate  it 
from  the  ground  color.  \i' ix  book,  or  pencil,  be  placed  vertically  on  a  Etheet 
of  white  paper,  and  illuminated  on  one  side  by  the  sun,  and  the  other  by  a 
candle,  two  ithadows  will  be  produced,  one  from  the  sun  which  will  be  illu- 
minated by  the  yellowish  light  of  the  candle,  and  the  other  from  the  caudle 
which  will  in  turn  be  illuminated  by  the  white  light  of  the  sun.  The  former 
naturally  appears  yellow ;  the  latter,  however,  appears  not  white  but  blue; 
it  assumes,  by  contrast,  a  color  complementary  to  that  of  the  cindle-light 
which  Burroundis  it.     If  the  caudle  be  removed,  or  its  light  shut  \j&  by  a 
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screen,  the  blue  tiutdisappeat^,  but  returns  when  the  caudle  is  again  allowed 
to  produce  it«  shadow.  If,  l>efore  the  candle  i.s  brought  back,  a  vision  be 
directed  through  a  narrow  blackene*!  tube  at  some  part  tailing  entirely  within 
the  area  of  what  will  be  the  cundie'»  shadow,  the  urea,  which  in  the  ab^uce 
of  the  candle  appears  white,  will  continue  to  appear  white  when  the  candle 
is  made  to  cast  its  shadow,  and  it  \a  not  until  the  direction  of  the  tube  is 
changed  so  as  to  cx)ver  part  of  the  ground  outside  the  shadow,  as  well  as  part 
of  the  shadow,  that  the  latter  ass^umes  its  blue  tint. 

§  766.  FiUlng  up  Uie.  blind  upot.  Though,  as  we  have  seen,  that  part  of  the 
retina  which  corresponds  to  the  entrance  of  the  optic  nerve  i:^  ouite  insensible 
to  light,  we  are  conscious  of  no  blank  in  the  field  of  vision.  When  iu  look- 
ing at  a  page  of  print  we  fix  the  visual  axis  so  that  some  of  the  print  must 
fall  on  a  blind  spot,  no  gap  is  perceived.  We  could  not  expect  to  see  a 
black  patch,  because  what  we  call  black  is  the  absence  of  the  sensation  of 
light  from  structures  which  are  sensitive  to  light;  we  must  have  visual 
organs  to  see  black.  But  there  are  no  visual  organs  in  the  blind  spot,  and 
conwMjuently  we  are  in  no  waif  at  all  affected  by  the  rays  of  light  which  fall 
on  it.  There  is  in  our  subjective  Held  of  vision  no  gap  corresponding  to  the 
gap  in  the  retinal  image.  We  refer  the  sensations  coming  from  two  points 
of  the  retina  lying  on  oppr^site  margins  of  the  blind  spot  to  two  points  lying 
cloee  together,  since  we  have  no  indication  of  the  space  which  separates  them. 
Concerning  the  effects  which  are  prifduced  when  an  object  in  the  field  of  view 
passes  into  the  region  of  the  blind  spot  there  has  been  much  discussion.  In 
ordinary  vision,  of  course,  the  existence  of  the  blind  spot  is  of  little  moment 
since  it  is  out«idc  the  region  used  for  distinct  vision,  and  besides  the  image 
of  an  object  does  not  fall  on  the  blind  s[>otH  of  both  eyes  at  the  same  time. 
[See  Fig.  238.] 

§  767.  Ocular  rj}fctra.  So  far  from  our  |>erception8  exactly  corresponding 
to  the  arrangements  of  the  luminous  rays  which  fall  nn  the  retina,  we  may 
have  visual  sensations  and  perceptions  in  the  entire  absence  of  light.  Any 
stimulation  of  the  retina  or  of  the  optic  nerve  sufficiently  intense  will  give  rise 
to  a  visual  sensation.  Gradual  firefwure  on  the  eyeball  causes  a  sensation  of 
rings  of  colored  light,  the  so-called  pho^pheues;  a  sudden  blow  on  the  eye 
causes  a  sensation  of  Hashes  of  light,  and  the  seeming  identity  of  the  visual 
sensations  so  brought  about  with  visual  sensations  produced  by  light  is  well 
illustrated  by  the  statement  once  gravely  made  in  a  German  court  of  law,  by 
a  witness  who  asserted  that  on  a  pitch-dnrk  night  he  recognized  an  assailant 
by  help  of  the  flaijh  of  light  caused  by  the  assailant's  hand  coming  in  violent 
contact  with  his  eye.  Electrical  stimulation  of  the  eye  or  optic  nerve  will 
also  give  rise  to  visual  sensations. 

The  sensations  which  may  arise  without  any  light  falling  on  the  retina 
need  not  necessarily  be  undefined  ;  on  the  contrary  they  may  be  most  clearly 
defined.  C'omplcx  and  coherent  visual  images  or  perceptions  mav  arise  in 
the  brain  without  any  corresponding  objective  luminou.(i  cause.  These  so- 
called  ocular  spectra  or  phantoms,  which  are  the  result  of  an  intrinsic  stimu- 
lation of  some  ( probably  cerebral)  part  of  the  visual  apparatus,  have  a  dis- 
tinctness which  gives  them  an  apparent  objective  reality  quite  as  striking  as 
that  of  ordinary  visual  [lerceptioui*.  They  may  occasionally  be  seen  with  the 
eyes  open  (and  therefore  while  ordinary  visual  perception?  are  being  gen- 
erate<l)  as  well  as  when  the  eyes  are  closed.  They  i<ometimcs  become  so 
frequent  and  obtrusive  as  to  be  distressing,  and  form  an  important  element 
ID  some  kinds  of  delirium,  such  as  delirium  tremens. 

5  768.  Apprecmiion  of  apparent  size.  By  t  he  eve  alooe  we  can  only  estimate 
the  apparent  size  of  an  object,  we  can  only  tell  what  space  it  takes  in  the  field 
of  vision,  we  can  only  perceive  the  dimensions  of  the  retinal  image,  and  there- 
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fore  have  a  right  only  to  speak  of  the  angle  which  the  diameter  of  the  object 
subtends.  The  real  aize  of  nu  object  must  be  determined  by  other  means. 
But  our  perception  of  even  the  apparent  size  of  an  object  is  so  moditied  by 
concurrent  circnmBtniices  that  in  many  cases  it  cannot  be  relied  on.  The 
apparent  size  of  the  muon  must  be  the  same  to  every  eye,  and  yet  while  so 
persons  will  be  found  ready  to  compare  the  moon  in  mid-heavens  with  a  tb 
I>enny  piece,  others  will  liken  it  to  a  cart-wheel;  that  is  to  say,  the  angle 
subtendetl  by  the  moon  seems  to  the  one  to  be  about  equal  to  that  subtended 
by  a  ihree-penny  piece  huld  at  ibe  distance  from  the  eye  at  which  it  is  most 
commonly  looked  at,  and  to  the  other  about  equal  to  that  subtended  by  a 
cart-wheel  similarly  viewed  at  the  distance  at  which  it  is  most  commonly 
looked  at.  If  a  line  such  as  A  C,  Fig.  2.S7,  be  divided  into  two  equal  iwrts, 
A  IJ^  B  C\  and  A  Bhe  divided  by  distinct  mark:?  into  several  parts,  as  is  shown 
in  the  figure,  while  B  Che  left  entire,  the  distance  A  B  will  always  ap[>ear 
greater  than  CB'  So  also,  if  two  equal  squares  be  marked,  one  with  hori- 
zontal and  the  other  with  vertical  alternate  dark  and  light  bands,  the  former 
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will  appear  higher,  and  the  latter  broader,  than  it  really  is.  Hence  short 
persons  aflect  dresses  horizontally  striped  in  order  to  increase  their  apparent 
height,  and  very  shout  person.'^  avoid  longitudinal  stripes.  Two  perfectly 
parallel  lines  or  bands,  each  of  which  is  crossed  by  slanting  parallel  short 
lines,  will  appear  not  parallel,  but  diverging  or  converging  according  to  the 
direction  of  the  croas-Iines. 

Again,  when  a  abort  person  is  placed  side  by  side  with  a  tall  person,  the 
former  appears  shorter  and  the  latter  taller  than  each  really  is.  The  moon 
on  the  horizon  api>ears  larger  than  when  at  the  zenith,  because  in  the  fint 
position  it  can  be  most  easily  compnrcd  with  terrestrial  objects.  The  ab^nce 
of  comparison  may,  however,  contribute  to  an  opposite  effect,  as  when  a 
person  looks  larger  in  a  fog;  being  seen  indistinctly,  he  is  judged  to  be  further 
o^'than  he  really  is,  and  so  appears  larger  than  he  naturally  would  do  at  the 
distance  at  which  he  is  supposed  to  be.  So,  conversely,  distant  mountains, 
when  seen  distinctly  in  a  cle^r  atmosphere  appear  small,  because  on  account 
of  their  distinctness  they  are  judged  to  be  nearer  than  they  really  are.  Indeed, 
our  daily  life  is  full  of  instances  in  which  our  direct  |M.'rception  is  modiBetl 
by  circumstances.  Among  those  circumstances  previous  experience  is  one  of 
the  most  potent, and  thus  simple  perceptions  become  mingled  with  what  are 
in  reality  judgments,  though  frequently  made  unconsciously.  But  th» 
intrusion  ut  past  e.\perience  into  present  perceptions  and  sensations  is  moat 
obvious  in  binocular  vision,  to  which  we  now  turn. 


BiNoouLAK  Vision. 
Corresponding  or  Identieal  pQinU. 
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§  780.  Though  we  have  two  eyes,  and  must  therefore  receive  from  everv 
object  two  sets  of  sensations,  our  perception  of  any  object  is  under  ordinary 
circumstances  a  single  one;  we  see  one  object,  not  two.  By  putting  cither 
eye  into  an  unusual  position,  as  by  squinting,  we  can  render  the  percrp- 
tioD  double;  we  see  two  objects  whore  one  only  exist^s.  From  which  it  ie 
evident  that  singleness  of  perception  dej^nds  on  the  image  of  the  object  fall- 
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ing  on  certain  parts  of  each  retina  at  the  »ame  time,  these  parts  beiug  bo 
related  to  each  other  that  tiie  eensations  from  each  ore  blended  into  one  per- 
ception; and  it  is  also  evident  that  the  movements  of  the  eyeballs  are  adapted 
to  bring  the  image  of  the  object  to  fall  on  these  "corresponding**  or  "iden- 
tical*' parts,  as  they  are  called,  of  each  retina. 

When  we  look  at  an  object  with  one  eye  the  visua]  axis  of  that  eye  is 
directed  to  the  object,  and  when  we  use  two  eyes  the  visual  axes  of  the  two 
eyes  converge  at  the  object,  the  eyeballs  raovinj^  accordingly.  The  corre- 
sponding points  of  the  two  retinas  are  those  on  which  the  two  images  of  the 
ooject  fall  when  the  visual  axes  converge  at  the  object.     Thus  in  Fig,  238, 
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Ltbe  It^rt.  K  the  right  eytf,  n  ood*l  point,  o.  oplicu«rvc  i  blind  utotj.  r.  fovea,  y^y  in  Ibe  right  »*>« 
ftM  eom^iK'ndlnK  polula  to  tffi  in  the  left  eye.  i-.  L  tIsua)  axiK.  The  two  rijtuns  below  iireproj«C' 
Huny  of  L  the  IvtX  kdiI  fi  th«  rlKht  n>ilim.  /  Tovni.  o.  blind  ii\mt.  a  and  r  cm  the  temjmrnt  ifdv  of  L 
corretpODd  In  ii'  and  f  on  tho  Rntof  sldt.*  of  F.    v.  m.  A.  m   linn  H^pll^ltlllt<  tiufidnDtc. 


if  x;r,  xx'  be  the  twu  visual  axes,  xj;'  being  the  centres  of  the  foveie  centralee 
of  the  two  eyes,  then,  the  object  y,  jr,  t  being  t^een  single,  the  point  y  ou  the  one 
retina  will  "  ciirrespond  "  to  or  be  "identical  "  with  the  pf)int  y  on  the  other, 
and  the  |>oint  x  in  the  one  to  the  p^jnt  x'  in  the  other.  Hence  a  point  lying 
anywhere  on  the  right  side  of  one  retina  has  its  oorresjiondiug  point  (»n  the 
right  side  of  the  other  retina,  and  the  points  on  the  left  of  one  correspond 
with  those  on  the  leil  of  the  other.     Thus,  while  the  up{>er  half  of  the  retini 
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side,  the  eyes  do  not  move  with  it;  they  appear  to  reraaia  stationary,  very 
much  aa  the  needle  of  a  ship's  compass  remains  etationary  when  the  head 
of  the  ship  is  turned.  The  change  in  the  position  of  the  visual  axes  to  which 
the  movement  of  the  head  would  naturally  give  rise  is  met  by  compensating 
movements  of  the  eyeballs;  were  it  not  so,  steadiness  of  vision  would  be 
impossible. 

>5  771.  There  is  one  position  of  the  eyes  which  has  been  called  the  primary 
position.  It  corresponds  to  that  which  may  be  attained  by  looking  at  the 
distant  horizon  with  the  head  vertical  and  the  body  upright;  but  its  exact 
determination  renuircs  special  precnutioms.  The  visual  axes  arc  then  piinillel 
to  each  other  ana  to  the  median  plane  of  the  head.  All  other  positions  of 
the  eyes  are  called  iecomliry  po$Uion4. 

§  772.  ^{^^ArJeH  of  (he  etjebnll.  The  eyeball  is  moved  by  six  muaclea,  the 
recti  injtrior^  superior,  internus,  attd  extcrtiu^,  and  the  obftqui  inferior  and 
auperior.  It  is  fouud  by  calculation  from  the  nttuchments  and  directions  of 
the  muscles,  and  conHrmed  by  actual  observation,  that  the  six  muscles  may 
be  considered  as  three  pairs,  each  jmir  rotating  the  eye  round  a  particular 
axis.  The  relative  attachments  and  the  axea  of  rotation  are  diagrammali- 
cally  shown  in  Pig.  239.  The  rectus  su(»erior  and  the  rectus  inferior  rotate 
the  eye  round  a  horizontal  axis,  which  is  directed  from  the  upper  end  of  the 
DO0e  to  the  temple  ;  the  obliquu^  superior  and  obliquus  inferior  round  a  hori- 
xontal  axis  directed  from  the  centre  of  the  eyeball  to  the  occiput;  and  the 
rectus  intemus  and  rectus  externua  round  a  vertical  axis  (which,  being  at 
right  angles  to  the  plane  of  the  puper.  cannot  be  shown  in  the  diagram), 
paaing  through  tlic  centre  of  rotation  of  the  eyeball  parallel  to  the  median 
plane  of  the  nead  when  the  head  is  vertical.  Thus  the  latter  pair  acting 
alone  would  turn  the  eye  from  side  to  side,  the  other  straight  pair  acting 
alone  would  move  the  eye  up  and  down,  while  the  oblique  muscles  acting 
alone  would  give  the  eye  an  oblique  movement.  The  rectus  externua  acting 
alone  would  turn  the  eye  to  the  malar  side,  the  internus  to  the  nasal  wide,  the 
rectus  sui>erior  upward,  the  rectus  inferior  downward,  the  oblique  superior 
downward  and  outward,  and  the  inferior  upwanl  and  outward.  The  recti 
superior  and  inferior  in  moving  the  eye  up  and  down  also  turn  it  somewhat 
iuward  and  at  the  same  time  give  it  a  slight  amount  of  rotation  ;  but  this  is 
corrected  if  the  oblique  muscles  act  at  the  same  time;  and  it  is  found  that 
the  rectus  superior  acting  with  the  obliquus  inferior  moves  the  eye  upward, 
and  the  rectus  inferior  with  the  obliquus  superior  downward  in  a  vertical 
direction, 
the  recti. 


follows 


In  oblique  movements  also,  the  obli<iui  are  always  associated  with 
Hence  the  various  movementa  of  the  eyeball  may  lie  arranged  as 
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Klevatiqn. 

Deprc-SHion- 
Adduction  to 

na<al  side. 
Addui'tion  to 

mulur  aide. 
GlevKiion  with 

ndiluetion. 

Depression 
with  udduulioi). 
Elevation  with 

ubd  notion. 

l)epre.«8ion 
with  abduction. 


Rectus  superior  and  obliquus  inferior. 
Rectus  inferior  and  obliquus  superior. 

Rectus  internus. 


intemus  with  obliqaoa 
obliquus 


Rectus  extcruus. 

Rectus  supenor  and 

inferior 
Heetus  inferior  and  internus  with 

Miperior 
Rectus  superior  and  extemus  with  obliquus 

inferior 
Rectus  inferior  and  extemus  with  obliquw 

superior. 

§  773.   Coordination  of  vintal  movfTnenh.     Thus  even  in  the  movements  of 
single  eye,  a  considerable  amount  of  coordination  takes  place.    When  th** 
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eye  is  moved  in  anv  other  than  the  vertical  and  horizontal  roendfana.  im- 
pulses must  descend  to  at  least  three  muscles,  and  in  such  relative  energy  to 
each  of  the  three  as  to  produce  the  re([uired  iucliuutiou  ot"  the  visual  axi». 
But  the  coordination  observed  in  hinocuhir  vision  is  more  strikintj  still.  If 
the  movements  of  any  person's  eyes  be  watched  it  will  be  seen  that  the  two 
eyes  move  alike.  If  the  right  eye  moves  to  the  right,  so  does  also  the  left; 
and,  if  the  object  looked  at  be  a  distant  one,  exactly  to  the  sarae  extent ;  if 
the  right  eye  looks  up,  the  left,  eye  looks  up  alao.  and  so  in  every  nlber 
direction.  Very  few  persons  are  able  by  a  direct  eflfort  of  the  will  to  move 
one  eye  inde|)endeutly  of  the  other ;  though  some,  aud  among  thera  one  dis- 
tistiuguished  both  as  a  physiologist  and  an  oculist,  have  acquired  this  power. 
In  fact,  the  movements  of  the  two  eyes  are  so  arranged  that  in  the  various 
movements  the  images  of  any  object  should  fall  on  the  corresponding  points 
of  the  two  retinas,  and  that  thus  ptngle  viflion  should  result.  We  cannot  by 
any  direct  eflbrtof  our  will  place  our  eyes  in  such  a  position  that  the  rnvaof 
light  proceeding  from  any  object  shall  be  brought  to  a  focus  on  parts  of  the 
two  retinas  which  <lo  not  correspond,  and  thus  give  rise  to  two  distinct 
visual  images.  We  can  bring  the  visual  axes  of  the  two  eyes  from  a  condi- 
tion of  parallelism  t<t  one  of  great  convergence,  but  we  cannot,  without 
special  assistance,  bring  them  from  a  condition  of  parallelism  to  one  of 
divergence.  The  atereoacope  will  enable  us  to  create  a  divergenoi^.  Tf  in  » 
stereoscopic  picture  the  distance  between  the  pictures  be  increased  verv 
gradually  so  as  cnrefully  to  maintain  the  itupresaion  of  a  single  objoct,  the 
visual  axes  may  be  brought  to  diverge.  Similarly  if  a  distant  object  be 
looked  at  with  a  prism  before  one  eye,  and  the  image  of  the  object  be  kept 
carefully  single,  while  the  prism  is  turned  very  slowly  up  or  down,  then  od 
suddenly  removing  the  prism  a  double  image  is  for  a  moment  seen ;  (show- 
ing that  the  eye  before  which  the  prism  was  placed  had  moved  in  disaccord- 
ance  with  the  other.  The  double  image,  however,  in  a  few  seconds  after  the 
removal  of  the  prism  becomes  single,  on  account  of  the  eyes  coming  into 
accordance. 

It  is  only  when  loss  of  coordination  occurs,  as  in  vanous  diseases  and  in 
alcoholic  or  other  prjisoning,  that  the  movements  of  the  two  eyes  cease  to 
agree  with  each  other.  It  is  evident,  then,  that  when  we  kwk  at  an  object 
to  the  right,  since  we  thereby  abdnct  the  right  eye  and  adduct  the  left,  we 
throw  into  action  the  rectus  externus  of  the  ri^ht  eye  and  the  rectus  internus 
of  the  left,  and  similarly  when  we  look  to  the  left  we  use  the  rectus  exlcrnus 
of  the  left  and  the  rectus  internus  of  the  right  eye.  On  the  other  hand, 
when  we  look  at  a  near  object,  and  therefore  converge  the  visual  axea,  we 
use  the  recti  iuterni  of  both  eyes ;  aud  wlien  we  look  ut  a  distant  object,  and 
bring  the  axes  from  convergence  towarfl  parallelism,  we  use  the  recti  extend 
of  both  eyes.  In  the  various  movements  of  the  eye  there  is  therefore,  so  to 
8|)eak,  the  most  delicate  picking  and  choosing  of  the  muscular  instnimentSL 
Bearing  this  in  mind,  it  cannot  be  wondered  at  that  the  various  movements 
of  the  e^'e  are  dependent  for  their  causation  on  visual  sensations.  In  order 
to  move  our  eyes  we  must  either  lw>k  at  or  for  an  object ;  when  we  wish  to 
converge  our  axes  we  look  at  some  near  object,  real  or  imaginarv,  and  the 
convergence  of  the  axes  is  usually  accompanied  by  all  the  conditions  of  near 
vision,  such  as  increaserl  accommodation  and  contraction  of  tlie  pu[»il.  And 
80  with  other  movementa.  The  close  association  of  the  movements  of  the 
eye  may  be  illustrated  by  the  following  case:  Suppose  the  eves,  to  start  with, 
directed  for  the  far  distance,  and  that  it  is  desired  to  direct  attention  to  a 
nearer  point  l.ving  in  the  visual  line  of  the  right  eye.  In  this  case  no  move- 
ment of  the  right  eye  is  recjuired  ;  all  that  is  necessary  is  for  the  left  eye  to 
be  turned  to  the  right,  that  is,  for  tlie  rectus  internus  of  the  lefl  eye  lo 


thrown  into  action.  But  in  ortlinary  moveroenta  the  contraction  of  this 
muftcle  is  always  as80oiate<l  with  either  the  rectus  externus  of  the  riglit  eye, 
HA  when  bf>th  eyes  are  turned  to  the  right,  or  the  rectus  intemus  of  that  eye, 
as  in  convergence;  the  muarle  is  quite  unaccustomed  to  act  alone.  This 
would  lead  us  to  suppose  that  in  the  case  in  question  the  contraction  of  the 
rectus  internus  of  the  left  eye  U  accompanied  hy  a  contraction  of  both  recti 
externuB  and  int4^rnu8  of  the  rij^ht  eye,  keeping  that  eye  in  lateral  equi- 
librium. And  the  peculiar  oscillating  movements  seen  in  the  right  eye,  as 
well  aa  the  sense  of  elForta  in  the  right  eye  which  is  felt  by  the  [)er3on,  (*how 
this  to  he  the  case. 

§  774.  Such  a  complex  coordination  requires  for  its  carrying  out  a  distinct 
nervous  machinery,  and  we  have  reasons  mr  thinking  that  such  a  machinery 
exists  in  certain  part«  of  the  corpora  quadrigemina  or  in  the  underlying 
structures.  In  the  nates  there  appears  t<>  be  a  common  centre  for  both  eves, 
Btimutatiou  nf  the  right  side  producing  movements  of  both  eyes  to  the  left, 
of  the  left  side  movements  to  the  right;  while  stinmlatiou  iu  the  middle  line 
behind  causes  a  downward  movement  of  both  eyes  with  convergence  of  the 
axes,  and  in  the  front  an  upward  movement  with  return  to  pariillelism,  both 
accomnauied  by  the  naturally  associated  movements  of  the  pupil.  Stimula- 
tion of  various  parts  of  the  nates  causes  various  movements,  de|)ending  on 
the  p<i6ition  of  the  spot  stimulated.  After  an  incision  in  the  middle  line, 
stimulation  of  the  nervous  centre  on  one  side  produces  movements  in  the 
eye  of  the  same  side  only. 

The  Horopter. 

S  775.  When  we  look  at  any  object  we  direct  to  it  the  visual  axea.so  that  when 
the  object  is  small,  the  ''corresponding"  parts  of  the  two  retinas,  on  which 
the  two  images  of  the  object  fall,  lie  in  their  respective  fovete  centrales.  But 
while  we  are  looking  at  the  particular  object,  the  images  of  other  obje<^ta 
surrounding  it  fall  on  the  retina  sur- 
rounding the  fovea,  and  thus  go  to  form 
what  is  called  indirect  vision.  And  it  is 
obviously  of  advantage  that  these  images 
also  should  fall  on  "  corresponding  "  parts 
in  the  two  eyes.  Now  for  any  given  posi- 
tion of  the  eyes  there  exists  in  the  field  of 
vision  a  curtain  line  or  surface  of  such  a 
kind  that  the  images  of  the  points  in  it 
all  fall  on  corre8p<mding  points  of  the  re- 
tina. A  line  or  surface  having  this  prop- 
erty is  called  a  horopter.  The  horopter 
is,  in  fact,  the  aggregate  of  all  those  point^i 
in  sfMice  which  are  projected  on  to  corre- 
sponding plaints  of  the  retina;  hence  it^ 
determination  in  any  particular  caae  i.s 
simply  a  matter  of  geometrical  calcula- 
tion. In  some  iuslnncea  it  l>ecome8a  very 
complicated  figure.  The  case  whose  feat- 
ures are  most  easily  grasped  is  a  circle 
drawn  in  the  plane  of  the  two  visual  axes 
through  the  point  of  the  convergence  of 
the  axes  and  the  optic  centres  of  the  two 

eyes.  It  is  obvious  from  geometrical  relations  that  in  Fig.  240  the  images 
of  any  point  in  the  circle  will  full  on  corresponding  points  of  the  two  re- 
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tinaa.  When  we  stand  upright  and  look  at  the  distant  horizon,  the  horopt 
18  (approximately,  for  normal  emmetropic  eyes)  a  plane  drawn  through  wir 
feet,  that  ia  to  &ay,  is  the  ground  on  which  we  stand  ;  the  advaotikge  of  tb» 
is  obvious. 

Visual  Judgments. 


§  776.  Binocular  vision  ia  of  use  to  ua,  inasmuch  aa  the  one  eye  is  able  to  fill 
up  the  gaps  and  imperfections  of  the  other.  For  example,  over  and  above  the 
monocular  filling  up  of  the  blind  spot,  of  which  we  spoke  on  page  929. 
since  the  two  blind  spots  of  the  two  eyes,  being  each  on  the  nasal  side,  ire 
not  "  corresponding  "  parts,  the  one  eye  supplies  that  part  of  the  field  of 
vision  which  is  lacking  in  the  other.  And  other  im[)erfection8  are  aimilarly 
made  good.  But  the  great  use  of  binocular  vision  is  to  afford  ns  meaos 
of  forming  visual  judgments  concerning  the  form,  size,  and  diatance  of 
objects. 

§  777.  Judgment  of  diMance  arid  site.  The  perceptions  which  we  gain 
simply  and  solely  by  our  field  of  vision  concern  two  dimensiona  only.  We 
can  become  aware  of  the  apparent  size  of  any  part  of  the  field  correspond- 
ing to  any  particular  object,  and  of  its  topographical  relations  to  the  r«8t  of 
the  field,  but  no  more.  Had  we  nothiug  more  to  depend  on,  our  sight  would 
be  almost  valueless  as  far  as  any  exact  information  of  the  external  world  was 
concerned.  By  association  of  the  visual  sensations  with  sensations  oi'  t^jucb. 
and  with  sensations  derived  from  the  movements  of  the  eyeballs  rerjuired  to 
make  any  such  part  of  the  field  as  corresponds  to  a  particular  object  dii- 
tinct,  we  arc  led  to  form  judgments,  i.  o.,  to  draw  conclusions  concerning  the 
external  world  by  me&ns  of  an  interpretation  of  our  visual  perceptinn«. 
Looking  before  us,  we  aay  we  see  a  certain  object  of  a  certain  color  nearlr 
in  front  of  us,  or  much  on  our  right  hand  or  much  on  our  lefl;  that  is  to 
say,  we  judge  such  an  object  to  be  in  such  a  {xwition  because  from  the  cob- 
aiitution  of  our  brain,  strengthened  by  all  our  experience,  we  associate  suck 
a  part  of  our  field  of  vision  with  such  au  object.  The  subjective  visual 
complex  sensation  or  perception  is  to  us  a  symbol  of  the  external  object. 

Even  with  one  eye  we  can,  to  a  certain  extent,  form  a  judgment,  not  only 
a^  to  the  position  of  the  object  in  a  plane  at  right  angles  U^  our  visual  axis, 
but  also  as  to  its  distance  from  us  nloug  the  visual  axis.  If  the  object  in 
near  to  us,  we  have  to  accommodate  for  near  vision;  if  far  from  us,  to  reUi 
our  accommodation  mechanism  sit  that  the  eye  becomes  adjusted  for  distance. 
The  muscular  sense  (of  which  we  shall  speak  presently)  of  this  effort  enahlei 
us  to  form  a  judgment  whether  the  object  is  far  or  near.  Seeing  the  narrow 
range  of  our  accommodation,  and  the  slight  muscular  cfibrt  which  it  entails, 
all  molecular  judgments  of  distance  must  be  subject  to  much  error.  Every- 
one who  has  tried  to  thread  a  needle  without  using  both  eyes,  knows  how 
great  these  errors  may  be.  When,  on  the  other  hand,  we  use  two  eyea,  we 
have  still  the  variations  in  accommodation,  and,  in  addition,  have  all  the 
aaaistancc  which  arises  from  the  muscular  effort  of  so  directing  the  two  eves 
on  the  object  that  single  vitjiou  ahall  re^ulL  When  the  object  is  neicr,  we 
converge  our  visual  axis;  when  distant,  we  bring  them  back  toward  p.ira]- 
leliem.  This  necessary  contraction  of  the  ocular  muscles  affords  a  muscular 
sense,  by  the  help  of  which  we  form  a  judgment  aa  to  the  distance  of  the 
object.  Hence,  when  by  any  means  the  convergence  which  is  necesary  to 
bnng  the  object  into  single  vision  is  lessened,  the  object  seems  to  become 
more  distant,  when  increased,  to  move  toward  ua:  as  may  be  seen  in  the 
Btereoscope. 

§  778.  The  judgment  of  size  is  closely  connected  with  that  of 
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perceptions,  gained  excluaively  fnira  the  fielil  of  vision,  go  no  further 
than  the  appnrent  size  of  the  image,  i,  t\,  of  the  angle  subtended  by  the 
object.  The  real  size  of  the  object  can  only  be  gathered  from  the  apparent 
size  of  the  Image  when  the  distance  of  the  object  from  the  eye  is  known. 
Thus  perceiving  directly  the  apparent  size  of  the  image,  we  jndgc  the  dis- 
tance of  the  object  giving  the  image,  and  upon  that  come  to  a  conclusion  as 
to  it«  size.  And,  conversely,  when  we  see  an  object,  of  whose  real  size  we 
are  otherwise  aware,  or  are  led  to  think  we  are  aware,  our  judgment  of  ita 
distance  is  influenced  by  its  apparent  size.  Thus  when  in  our  Beld  of  vision 
there  appears  the  image  of  a  man,  knowing  otherwise  the  ordinary  size  of  a 
man,  we  infer,  if  the  image  be  very  small,  that  the  man  is  far  ofl'.  The 
reaaon  of  the  image  being  small  may  be  because  the  man  is  far  drt',  in  which 
case  our  judgment  ia.correct;  it  may  be,  however,  because  the  image  has  been 
leesened  by  artificial  dioptric  means,  as  when  the  man  is  looked  at  through 
an  inverted  telescope,  in  which  case  our  judgment  becomes  a  delusion.  So 
also  an  image  on  a  screen  when  gradually  enlarged  seems  to  come  forward, 
when  gnidually  diu)ini^he<],  seems  to  recede.  In  these  cases  the  inHuenoe  on 
our  judgment  of  the  muscular  sense  of  binocular  adjustment,  or  monocular 
accommodation,  is  thwarted  by  the  more  direct  influence  of  the  association 
between  size  and  distance. 

§  779.  Judgment  of  solidity.  When  we  look  at  a  small  circle,  all  ])art«  of 
the  circle  are  at  the  same  distance  from  us.  all  parts  are  equally  distinct  at 
the  same  lime,  whether  we  look  at  it  with  one  eye  or  with  two  eyes.  When, 
on  the  other  hand,  we  look  at  a  sphere,  the  various  parts  of  which  are  at 
diflerent  distances  from  us,  a  sense  of  the  accommodatum,  but  much  more  a 
eense  of  the  binocular  adjustment,  of  the  convergence  or  the  opposite  of  the 
two  eyes,  reiiuired  to  make  the  various  parts  successively  distinct,  makeji  ns 
aware  that  the  various  parts  of  the  spher<^  arc  unequally  dintant;  and  from 
that  we  form  a  judgment  ni  its  solidity.  As  with  distance  of  objects,  so  with 
aolidity,  which  is  at  hothim  a  matter  of  distance  of  the  parts  of  an  object,  we 
can  form  a  judgment  with  one  eye  alone;  but  our  ideas  become  much  more 
exact  and  tnistworttiy  when  two  eves  are  used.  And  we  are  much  assisted 
bv  the  effects  produced  by  the  reflection  of  light  from  the  various  surfaces 
of  a  solid  object ;  so  much  so,  that  raised  surfaces  may  be  made  to  appear 
depressed,  or  vice  verm,  and  flat  surfaces  either  raised  or  depressed,  by 
appropriate  arrangements  of  shadings  and  shadow. 

FtO.  Ml. 


§  780-  Binocular  vision,  moreover,  aflords  us  a  means  of  judging  of  the 
solidity  of  objects,  inasmuch  as  the  image  of  any  solid  object  which  falls  on 
to  the  right  eve  cannot  be  exactly  like  (hat  which  falls  on  the  left,  though 
both  are  combined  in  the  single  (>erception  of  the  two  eyes.  Thus,  when  we 
]o4ik  at  a  truncated  pyramid  placed  in  the  mi<ldle  line  before  its,  the  imago 
which  falls  (m  the  right  eve  is  of  the  kind  represented  in  Fig.  241.  R,  while 
that  which  fnllfi  on  the  left,  eye  has  the  form  of  Fig.  241,  L;  yet  the  percep- 
tion gained  fmin  the  two  images  together  corresponds  to  the  form  of  which 
Fig.  241,  B,  is  the  projection.      Whenever  we  thus  combine  in  one  perception 
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two  dissimilar  imaj^ofl,  one  of  tlie  one,  and  the  other  of  the  other  eye,  we 
judge  that  the  object  giviup;  rise  to  the  images  is  solid, 

ThiB  is  llic  simple  principle  of  the  atereoscope,  in  which  two  slightly  db- 
fiimilar  pictures,  such  as  would  cQrres[K>iid  to  the  vistion  of  each  eye  sep- 
arately, are,  by  meaus  of  retltctiui;  mirrors,  aa  in  Wheatatone's  ariginil 
iuatrument,  or  by  prieras,  as  in  the  form  introduced  by  Brewster,  made  to 
cast  images  on  correspoudiog  partH  of  the  two  retinas,  so  as  to  produce  i 
single  perception.  Though  each  picture  is  a  surface  of  two  diraensions  only, 
the  resulting  perception  \s  the  same  as  it*  a  single  object,  or  group  of  objeols, 
of  three  dimensions  hud  been  looked  at. 

It  might  he  supposed  that  the  judgment  of  solidity  which  arises  whei]  two 
dissimilar  images  are  thus  combined  in  one  perception,  was  due  to  the  5ui 
thai  all  parts  of  the  two  images  cannot  fall  on  corresponding  part«  of  the 
two  retinas  at  the  same  time,  and  thnt  theref  tre  the  combination  of  the  two 
needs  some  movement  of  the  eyes.  Thus,  if  we  superimpose  K  on  L  TFig. 
241 ),  it  is  evident  that  when  the  bases  coincide  the  truncated  apices  will  not, 
and  vice  verea;  hence,  when  the  bases  fall  on  corresponding  parts,  the  apicei 
will  not  be  combined  in  one  image,  and  vice  vei'^a ;  in  order  that  both  may 
be  combined,  there  raust  be  a  slight,  rapid  movement  of  the  eyes  from  the 
one  to  the  other.  That,  however,  no  such  movement  is  neoeasary/or  racA 
particular  case  is  shown  by  the  fact  that  solid  objects  appear  as  such  when 
illuminated  by  an  electric  spark,  the  duration  of  which  is  tix)  short  to  permit 
of  any  raoveraenta  of  the  eyes.  If  the  Hash  occurred  at  the  moment  that 
the  eyes  were  bitiocularly  adjusted  for  the  bases  of  the  pyramids,  the  two 
apices  not  falling  mh  exactly  corresfKinding  parts  would  give  rise  to  two 
perceptions,  and  the  whide  object  ought  to  appear  confused.  That  it  does 
not,  but,  on  the  contrary,  appears  a  single  solid,  must  be  the  result  of  cere- 
bral operations,  resulting  in  what  we  have  called  a  judgment. 

S  781 .  Strttgglr-  of  the  two  fiehU  of  vision,  I  f  the  images  of  two  surfaoee,  one 
black  and  the  other  white,  are  made  to  fall  on  corresponding  parts  of  the 
eye,  so  as  to  be  united  into  a  single  perception,  the  result  is  not  always  a 
mixture  of  the  two  imjiressions.  that  is,  a  gray,  but,  in  many  cases,  a  sensa- 
tion  similar  to  that  produced  when  a  polished  surfifice,  such  as  plumbago,  is 
looked  at:  the  surface  apj>ears  brilliant.  The  reaaou,  probably,  is  because 
when  we  look  at  a  polished  surface,  the  amount  of  reflected  light  which  falls 
upon  the  retina  is  generally  ditterent  in  the  two  eyes;  and  hence  we  aeiw>ciate 
an  unequal  stimulation  of  the  two  retinas  with  the  idea  of  a  polished  mt- 
face.  So,  also,  when  the  imprcisions  of  two  colors  are  united  in  binocular 
vision,  the  result  is,  in  most  cases,  not  a  mixture  of  the  two  colors,  aa  whco 
the  same  two  impressions  are  brought  to  bear  together  at  the  same  time  on 
a  single  retina,  but  a  struggle  between  the  two  colors,  now  one,  and  now  the 
other,  becoming  prominent,  intermediate  tints,  however,  being  fre<^uently 
pnssed  through.  This  may  arise  from  the  difficulty  of  accomnxxlating  at  the 
same  time  for  the  two  ditferent  colors  uee  p.  9(>7);  if  two  eyes,  one  of  which 
is  looking  at  red,  and  the  other  at  blue,  be  both  accommodated  for  re*l  rays, 
the  red  sensation  will  overpower  the  blue,  and  vuv-  verga.  It  may  be,  how- 
ever, that  the  tendency  to  rhythmic  action,  so  manifest  in  other  simpler 
manifcstaticms  of  protoplasmic  activity,  makes  its  appearance  also  in  the 
higher  cerebral  labors  of  binocular  vision. 


The  Protected  Mechanisms  of  rnfe  Eyk. 

§  782,  The  eyeball  is  protected  by  the  eyelids,  which  are  capable  of  more- 
ments  called  respectively  of>enitig  and  shutting  the  eye.  The  eye  14  shut  by 
the  contraction  of  the  orbicularis  muscle,  carried  out  either  aa  a  reflex  or 
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voluntary  act,  by  means  (»f  the  facial  nerre.  The  eye  is  opened  chiefly  by 
the  raising  of  the  upixr  eyelid,  through  the  contraction  of  the  levator  pal- 
pebnc  carried  out  by  meana  of  the  third  nerve.  The  up|>er  eyelid  is  also 
raised  and  the  lower  depressed,  the  eye  being  thus  opened,  by  means  of  plain 
muscular  fibres  existing  in  the  two  eyelids  and  governed  by  the  cervical 
sympathetic.  The  shutting  of  the  eye,  as  in  winking,  is  in  general  effected 
more  rapidly  than  the  o;>ening. 

The  eye  is  kept  coniinimlly  moist  partly  by  the  secretion  of  the  glands  in 
the  conjunctiva,  and  of  the  Meibomian  glands,  but  chiefly  by  the  ttecretioa 
of  the  lachrymal  gland.  Under  ordinary  circumstances  the  fluid  thus  formed 
is  carried  away  by  the  lachrymal  canals  into  the  nasal  &ac  and  thus  into  the 
cavity  of  the  nose.  When  the  secretion  becomes  loo  abundant  to  escape  ta 
tliis  way  it  overflows  on  to  the  cheeks  in  the  form  of  tears. 

If  a  (juantity  of  tears  be  collected,  they  are  found  to  form  a  clear,  faintly 
alkaline  fluid,  in  many  respects  like  saliva,  containing  about  1  per  cent,  of 
solids,  of  which  a  small  part  i.s  proteid  in  nature.  Among  the  salts  present 
aodiuu]  chloride  i^  conspicuous. 

§  783.  The  nervou.**  mechanism  of  the  secretion  of  tears,  in  manv  respects, 
resembles  that  of  the  secretion  of  saliva.  A  flow  is  usually  brought  about 
either  in  a  reflex  manner  by  stimuli  applied  to  the  conjunctiva,  the  naaal 
mucous  membrane,  tongue,  optic  nerve,  etc.,  or  more  directly  by  emotions. 
Venous  coogeetion  of  the  head  is  also  said  to  cause  a  flow.  The  efferent 
nerves  belong  either  to  the  cerebro-spinal  system  (the  lachrymal  and  orbital 
branches  of  the  flflh  nerve)  or  arise  from  the  cervical  sympathetic,  the 
afl%!rent  nerves  varying  according  to  the  exciting  cause. 

The  act  of  blinking  undoubtedly  favors  the  passage  of  te^rs  through  the 
lachrymal  canals  into  the  nasal  sac.  and  hence  when  the  orbicularis  is 
paralyzed  tears  do  not  paaa  so  readily  as  usual  into  the  nr)se;  but  the  exact 
mechiuiism  by  which  this  is  eflecleti  has  been  much  di9pute<i.  According 
to  some  authors,  the  c<jiitraction  of  the  orbicularis  presses  the  fluid  onward 
out  of  the  canals,  which  upon  the  relaxation  of  the  orbicularis  dilate  and 
receive  a  fresh  quantity.  Others  maintain  that  a  special  arrangement  of 
muscular  fibres  kt:»e(W  the  canals  open  even  during  the  closing  of  the  lids,  so 
that  the  pressure  of  the  contraction  of  the  orbicularis  is  able  to  have  full 
effect  in  driving  the  teare  through  the  canals. 


CHAPTER  IT. 

HEARING,  SMELL,  AND  TASTE. 

§  784.  As  in  the  eye,  so  in  the  ear.  we  have  to  deal  6ret  with  a  nerve  of 
special  eense,  the  stimulatiou  of  which  gives  riee  to  a  special  aeasation; 
Becondly,  with  terminal  organs  through  which  the  physical  changee  proper 
to  the  special  sense  are  enabled  to  act  on  tbe  nerve;  and  thirdly,  wito  sub- 
sidiary apparatubf  by  which  the  UBeftiluess  of  the  »?nite  la  increased.  The 
central  coDnectionsofthe  auditory  nerve  are  such  that  whenever  the  auditory 
fibres  are  stimulated,  whether  by  means  of  the  terminal  organs  in  the  usual 
way  or  by  the  direct  application  of  stimuli,  electrical,  mechanical,  etc..  liie 
result  is  always  a  sensation  of  sound.  Just  as  stimulation  of  tbe  optic  tibr«s 
produces  no  other  sensation  than  that  of  light,  so  stimulation  of  the  auditory 
tibres  produces  no  other  sensation  than  that  of  sound.'  The  terminal  orgau 
of  the  auditory  nerve  are  of  two  kinds :  the  complicated  organ  uf  Corti  in 
the  cochlea,  and  the  epithelial  arrangements  of  the  macultc  and  cristie  acui- 
ticsD  in  other  parts  of  tbe  labyrinth.  Waves  of  sound  falling  on  the  auditory 
nerve  it«e!f  produce  no  effect  whatever;  it  is  only  when  by  the  medium  of 
th3  endolymph  they  are  brought  to  bear  on  the  delicate  and  peculiar  epithe- 
lium cells  which  constitute  the  peripheral  terminations  of  the  nerve,  tbst 
sensations  of  sound  arise.  Such  delicate  etructures  are  for  the  sake  of  prrv 
tection  naturally  withdrawn  from  the  surface  of  the  body  where  they  would 
be  subject  to  injury.  Hence,  the  necessity  of  an  acoustic  apparatus,  forming 
the  middle  and  external  ear,  by  which  tbe  waves  of  sound  are  most  advsu- 
tageousty  conveyed  to  the  terminal  organs. 


Hearino. 


\_Phy8iol4)gxcal  jina^onty  of  the  £ar. 

$  785.  The  ear,  or  organ  of  hearing,  is  com|>oeed  of  three  parts,  called  the 
external yVxiiWe.,  and  internal  ear. 

The  external  ear  consists  of  an  outer  projecting  portion,  called  the  pmna, 
and  tbe  auditory  canal,  or  meatus  auditoritu  tixienius,  (Fig.  242.)  The 
pinna  is  a  somewhat  oblong  funnelshn|>ed  organ,  the  smaller  i>ortioD  of  tbe 
funnel  being  attached  to  the  skull  by  ligiimeutous  tissue,  the  larger  portico 
serving  to  collect  and  convey  the  sonorous  undulations  to  the  meatus.  It  is 
composed  of  cartilage  covered  by  integument.  Its  surface  is  irregularly 
curved  and  depressed.  The  outer  projecting  rim  is  the /if/ix;  luiterior  to 
the  helix  is  a  second  elevation,  called  the  antihelij:,  which  describes  a  curve 
partially  around  a  deep  depre^ion  which  leads  to  tbe  meatus,  called  tlie 
concha-.  Between  the  helix  and  antihelix  is  the/o^wi  of  the  helix,  Theaod- 
beliz  bifurcates  at  its  8U{>erior  portion,  and  encloses  the/o^a  of  the  antihelix. 
Projecting  posteriorly  from  the  anterior  portion  of  the  concha  is  a  papillarr 
prominence  called  the  iragM*;  posterior  to  this,  separated  by  a  fissure,  U  the 

>  It  will  be  seen  Inter  oa  that  tbfro  are  reason"  fm  thlnkfiij;  that  tmpalses  (ja«lnc  •tong  tbi 
ROdltory  iiarw  may  give  rise  to  olhur  elTbo(«  Uunn  auditory  senMUotiA. 
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arUUragM,  which  \»  a  coutinuatiou  of  the  helix.  On  the  inferior  portion  of 
the  pinna  is  a  soft  pendulous  portion,  termed  the  tobuU^  The  meatus 
leads  from  the  concha  to  the  middle  ear,  from  which  it  is  separated   by  the 


■ 


Ho.  :m:£. 


Vkhtical  Sectios  or  thb  Meatus  AcDrroun  and  TvjipaN!  m.    i^^arpa.) 

a.  CArtU«ctooa«  put  of  the  me&uu;  ^,  oueoui  portJon;  c,  membmiiA  tympnul:  d,  CAvUy  of  the 

trmpaaum :  «.  EoiUwhlau  tube. 

Fio.  •2U. 


Pin.  213. 


flO.  3411.— IHXBB  VlL-W  OP  THE    MEKIWAltA 

Tymtana  is  the  F'Tttji,  wtth  the  Mallrus 
ATTAaiEii.  a.  mcmbmn«  r>r  <lrooi  of  Ihe  tfin* 
pftiinm :  h,  nialleos;  c,  Imiid  of  clrculir  flbret 
E(  the  olreiimrerence:  d,  liifc'rior.  And  «,  snpe- 
riur  tjriopMuic  ftrteiy :  /.  trmpAnlc  bone. 


Flo.  244-— I'I-a:*  or  Tiir.  fk^tri.p.  i>-  PownoN  m  niit  T\-iii'a?(l*j*.  wmi  Ttiwn  Mi'tctEt.  a,  CttTltf 
nf  tbe  lyuipAnnm :  b,  mcmbranii  lymiiahl ;  r,  Eurtat-hlAn  tuhe:  <!,  m«lleu*;  r,  ttiriM ;  /.  sUiiM ; 
9,  l«xaU»r  tympani  miiaclt; :  h,  teuaor  tyinpftQl ;  f,  !itape<ltuft. 

tympanic  menihraue.  Its  direction  is  forward,  inward,  and  slightly  upward  ; 
its  lower  surface  being  longer  than  the  upper,  on  account  of  the  ofjiiijuity  ot 
the  positiou  of  the  tympanic  membrane-     The  canal  consists  of  an  external 
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rnembrajio-cariila^ittong  porUoii^  \vliicli  is  coDtinumis  with  the  pinna,  aiidin 
internal  owfoiw  portion  I'nrniud  by  the  inustoiil  bone.  In  the  external  pitr- 
tion  of  the  canal  are  found  numerous  huirs  and  sebaceous  glands;  in  the 
internal  portion  are  lound  the  cfrumin(nis  (jhmh^  which  secrete  a  ]}eculi&r 
substance  commonly  known  as  the  carwax. 

§  786.  The  vxiddle  ear  or  tyynpunum  is  an  irregular  flattened  cavity,  situ- 
ated in  the  petrous  portion  of  the  temporal  bone,  and  lined  with  a  mucoos 
membrane.  It  is  separated  from  the  meatus  by  a  membranous  diaphi 
which  is  the  tyvipanic  lufmbranc ;  aud  from  the  internal  ear  by  an 
membranous  partition,  which  fornin  a  common  wall  for  both.  Through 
Eustachian  tube  it  communicatee  with  the  pharynx.  On  it£  ptisterior  nail 
are  seen  orifices  of  the  nmstoid  c^lls.  The  tympanic  membrane  is  a  aenii- 
transparent  oval  niembnine,  concave  on  its  external,  and  convex  on  its  io* 
ternal  surface,  where  it  hits  attached  the  long  process  of  the  lualleuft,  one  uf 
the  oBsiclea.  It  is  placed  in  an  oblique  position,  sloping  downward,  forward, 
and  inward  at  an  augle  of  about  4o  degrees.  Its  circumference  is  attached 
to  a  groove  in  the  temporal  bone.  In  the  fcelus  this  portion  of  the  booe 
exists  as  a  separate  piece,  called  the  tifmpanic  hone  (Fig.  241^),  but  it  after- 
ward becomes  ossitied  to  the  temfM^ral.  The  tympanic  membrane  consists  of 
three  layers — the  external,  middle,  und  internal.  The  external  is  a  contioua- 
tiou  of  the  integument  covering  the  meatus;  the  internal  is  a  continuation 
of  the  mucous  membrane  lining  the  tympanum;  the  middle  layer,  which  » 
the  most  important,  is  tense,  strong,  and  fibrous,  made  up  of  circular  lod 
radiating  fibres,  with  a  small  amount  of  clastic  tissue  intermixed. 

Fio.  iW 


ria.2Mt. 


Xatnni 


ISTkMloi:   ol     -     .  -   L!^  LaHVBINTII.      (AHer  SOMMKRMSW.) 

V,  vcollhule  ;  ur,  aquortiict  nf  llie  vestibule;  o.  fnvta  lieuilfcUiptlcn;  r.  (tivcji  bcniUplicrim:  % 
MnUctrvularcAUiiU :  *,*uiierlor;  p,  jK»l»rior  ;  <,  horifoniat;  n.rt.n.  theiunpollar  exIrvTnltyofcacb. 
€,  tiochlcft;  nc,  nqiieduiM  of  the  o^iohlca  ;  nv,  Odououa  M>ne  of  Oiv  Inmlnu  •pirmllK  ftUive  wtllcb  lltli* 
Boal*  vestlbiill.  cnnimimlcnUnif  Mlih  ibe  TviUbalc ;  ff.  rfaia  lyrarHini  beluw  the m\^tn\  luntna. 


§  787.  lu  the  internal  wall  of  the  tympanum  are  two  email  openinga— lhcf<f»»- 
esira  ovalU  andjVne*/r«  rotunda — which  communicate  with  the  labyrinth.  *rhe 
fenestra  rotunda  la  closed  by  a  men»brane.  Extending  between  the  tympanic 
membrane  and  the  fenestra  ovalis  are  the  ostidejft  consisting  of  three  small 
bones,  which  form  a  system  of  levers.     These  ossicles  are  terraeil,  from  their 
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membUnoe  to  particular  ohjeotfi,  the  maUeut^  incus,  and  tlapet,  (Fie.  244.) 
The  malleus  coD»isU  of  n  head,  neck,  long  and  short  process,  and  handle. 
The  head  articulates  with  the  nwf  of  the  tynipauutu,  and  in  a  ilepreseion  of 
the  incus ;  the  handle  is  directed  downward  and  attJiched  by  its  whole  length 
to  the  tympauic  membrane  ;  the  long  pmcese  {processus  r^acilis)  is  directed 
forward  and  has  attached  the  inflerlion  of  the  laxator  tympani  mtiAclt} ;  the 
short  process,  which  iti  at  the  biise  of  the  long  process,  has  attached  the 
insertion  of  the  termor  iifnxjiani  mu»ele.  The  inrtis  coneista  of  a  body,  a  long 
and  short  process.  The  body  of  the  incus  has  a  depression  in  which  articu- 
lates the  head  of  the  malleus  ;  the  short  iirocees  is  attached  to  the  ]>osterior 
wall  of  the  tympanum  ;  the  long  process  (lenticular  process)  is  placed  almost 
Tertically.  ami  at  its  end  is  a  rounded  proi^ess  (the  os  orbicidare),  which 
articulate:^  with  the  heiul  of  the  stapes.  The  Mapes  consists  of  a  head,  neck, 
two  crura,  and  a  base.  The  head  articulates  with  the  long  process  of  the 
incus;  the  neck  server  as  a  point  of  insertion  of  the  stapedius  muscle;  the 
crura  diverge  from  the  neck  and  unite  with  the  oval  base  at  its  greatest 
diameter.  The  base  is  6xed  in  the  fenestra  oralis  by  attachments  formed 
by  the  lining  membranes  nf  both  tht^  tympanum  and  internal  ear.  These 
ossicles  are  connecle<l  with  each  other  and  to  the  walls  of  the  tym{>anum  by 
ligamenls.  and  at  their  articulations  they  are  furnished  with  cartilages  and 
synovial  membranes.  They  are  enveloped  by  prolongations  of  the  mucous 
membrane  lining  the  tympanum. 

Flo.  247. 


RaruwDtTATiD.<«  or  tux  SmKiiaTLku  Cabala  ENLAhoiu>. 
lu  Uolrcmt>  Cxfllese  Miueum.) 


<Pnom  ft  model 


0,  Mptrior  VifUoal;  6.  pntntor  or  Infertor  vorticml  \  snd  r,  bnrixoat&l  oanal ;  d,  oummon  open- 
Ibg  of  the  (wo  vertkiu  citaAla ;  e,  put  of  Um  TMUbalar  cmvlty ;  /.  opening  of  the  aquedDct  of  tb« 
wtlbulc. 


§  788.  T\ieinicnuil  ear  or  labyrinth  is  the  most  essential  portion  of  theauditory 
apparatus.  It  consists  of  three  portions — the  vfsiibuUt  Bemicircular  cnnaU^ 
and  cochlea — and  Is  situated  within  the  petrous  portion  of  the  temporal  l>one. 
Within  the  osj^ous  labyrinth  is  a  membranous  labyrinth  to  which  the  audi- 
tory nerve  is  distributed.  The  vestibule  is  an  irregular  chamber  which 
serves  as  a  common  means  of  communication  l)etween  the  tympanum  and 
the  semicircular  canals  and  cochlea.  On  its  external  wall  is  the  fenestra 
ovalis,  closed  by  the  base  of  the  stapes.  On  its  internal  wall  is  a  depression 
called  the/oi;«a  hanurpherlcti,  which  is  perforated  by  minute  openings  for  the 


t 
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pa&sage  of  auditory  Derve-filainenta.  Above  and  posterior  to  this  depreasiou 
is  another,  the /overt  hemidlipHca.  Poaterior  to  the  fovea  henaispherica  is  the 
orifice  of  the  ai^ueductus  vestibuli.  In  the  poaterior  wall  are  five  openings 
leading  to  the  eenucircular  canals.  Anteriorly,  it  communicates  with  the 
cochlea  by  the  aperturw  scai<E  vestihiUi  cochlea.  The  semiciraifar  cnriais 
three  in  number — the  xupei^ior,  posterior  or  m/(?rtor,and  korizonUd.  They  foi 
the  greater  portion  of  a  circle,  and  communicate  with  the  vealibule  by  fii 
openings,  one  of  which  i§  common  to  the  8U|»erior  and  horizontal  canr^ 
The  superior  canal  is  situated  vertically  and  at  right  angles  with  the 
terior  surface  of  the  petrous  hone;  the  posterior  canal  is  al^so  vertical 
parallel  with  the  posterior  surface  of  the  jietrous  bone;  the  inferior  canal  15 
placed  horizontally  and  at  rij^ht  angles  to  the  others.  At  the  comiuencemeut 
of  each  of  these  canals  is  a  dilated  portion,  called  the  ampulla. 

§  789.  The  cochlea  occupies  the  anterior  portion  of  the  labyrinth.  Its  base, 
which  corresponds  to  the  internal  (ludiiory  meatus,  is  perforated  by  maav 
minute  orifices  for  the  passage  of  filaments  of  the  cochlear  branch  of  the  audi- 
tory nerve.  The  cochlea  consists  of  a  central  axis,  or  modiolwf,  which  has  a 
spiral  canal  wound  around  it.  This  cannl  makes  two  and  a  half  complete 
turns,  and  terminates  in  the  upex  of  the  cochlea  in  an  expansion  termed  the 
infundibulwn,     (Fig.  248.)     The  modiolus  is  somewhat  cone  shaped,  and 


Flf}.  248. 


. 


a,  nxla  wilh  ita  cunaU:  b,  Inflindlbiitum  or  enlnrged  upper  end  of  the  axis;  e,  septtitn  otiha 
coobln :  rf,  membmne  ot  Gortl ;  e,  membrane  ol  Keiotner:  /,  blaios  or  beUcotremft;  rf,  wmU 
tympanl  -.  tv,  icala  TMUbulI. 

forms  the  internal  wall  of  the  canal,  being  perforated  in  its  centre  and  std«e 
by  apertures  for  the  pas-sage  of  the  filnments  of  the  auditory  nerve.  The 
canal  is  divided  into  two  {>as8ages  or  tfcaluB  by  a  septum  called  the  laminn 
itpiralisj  which  is  partly  OBseous  and  partly  membranous.  The  osseous  poi^ 
tion  projects  from  the  modiolus,  midway  acroiis  the  canal ;  it  consisla  of  two 
Inminie.  between  which  the  nerve-filaments  run.  The  membruuous  portion 
extends  from  the  external  margin  of  the  osseous  lamina  to  the  external  wall 
of  the  canal.  It  consists  of  two  layers;  the  superior  is  the  membrane  of 
Ctirti,  or  mcitibrana  tccinria;  the  inferior  the  mevihmtia  bajrllaris^  which  U 
attache*]  externally  to  the  planum  semilunars  These  membranes  are  placeti 
parallel  wilh  each  other  and  contain  between  them  the  ort/an  of  Oortif  which 
rcHt-s  on  the  hnsilary  membrane.     (Fig.  249.) 

790.  The 0ca/u  ifesUbtdi^  communicates  below  with  the  vestibule  by  th« 


!  upperncftlals  dirlded  Into  tvro  parts  bv  a  iDembrunotu  parUUon,  the  upper  of  wMcb  !■ 
c&lkd  Ibe  seals  veslibuU  ;  the  trtbur.  ducUM  cocntcarls  (Klg.  'MO). 
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'•(x  9caloe  vcMixbuH cochlea  ;  the  lower  passage,  or  »ea!a  iympani,  communi- 
catee with  the  tympanum  by  the  fenestra  rutuuda.  These  ecalse  communi- 
cat*?  at  the  apei  of  the  cochlea  bv  au  oj>ening  termed  the  hinitL^  or  helkoirema, 
which  exi§tfi  in  consequence  o{  a  denciency  of  the  last  half  turn  of  the 
lamina  spiralis. 

The  oeaeous  portion  of  the  lamina  spiralis  has  on  its  superior  external 
portion  a  denticulated  cartilaginous  substance  called  the  lamina  dfnlicuMa, 
From  the  superior  surface  of  the  spiral  htmina.  and  internal  to  the  lamina 
denticuluta,  is  a  delicate  membrane  extending  upward  and  outward  at  an 
angle  of  about  4o  degrees  to  the  external  wall  of  the  scala.  This  is  calleil 
the  membrane  of  Reismter.  Ft  divides  the  ecala  into  two  passages,  the  lower 
uf  which  is  the  durtim  cochl^aris.  This  duel  eiids  in  the  a|}ex  of  the  cochlea 
in  a  c<£ca,  and  communicates  at  the  base  with  the  saccule  by  the  dnetus 
rettnietu;  it  contains  the  essential  [>ortion  of  the  auditory  apparatus  of  the 
cochlea,  and  is  a  part  of  the  membranous  labyrinth. 

§  T91.  The  organ  of  Corii  rests  upon  the  basilary  membrane.  It  consists 
of  the  inner  and  outer  hair-eells,  and  two  rows  of  elongated  cells,  placed 
parallel  with  each  other,  having  an  inclining  position  so  that  their  free  ex- 
tremities rest  against  each  other  and  thus  form  the  arch  of  Corti,  which  covers 
the  eetiir*il  i*pace,     (Fig.  249.)     These  rows  ore  called  the  inner  and  older 


Fio.  240. 


A  tn^r.RAU  or  A  Bechom  of  the  Ti'bk  or  tOK  Ccxhlka  r.?o.Aitnsti.  (Modified  from  HccvLK.) 
51*.  fOkU  vcwUball :  ST,  kaU  tympani ;  CC.  caiuvI  of  ilie  ruchlv* ;  1,  membmne  or  Relamer;  2 
«Ocblc«r  bnitch  of  tbv  auditory  nerrt^ ;  3.  IninlnK  flptmlla  obwa  ;  A,  plaDam  somnanara;  a,  lunloa 
dvDttcaUU  ;  6.  nilotts  ipiraliA  ;  c.  tympnulc  lip  ontir  «ii1cu»iiiiUiiIlK;  rt,  lanor  rodaorOortl ;  «,  (loter 
radnorcurtt ;  /,  UmUiA  rvtlcularlB  :  i.  loner  hfttr<elU;  mA,  membnuu  bwdlarUi:  mc,  membrmneol 
Ointl ;  y.  outer  tulr-celt> ;  am,  ccntml  ■!«(»  between  the  rods. 

rods,  or  pillars  of  Corti.  From  the  superior  extremity  of  both  the  inner  and 
outer  rods,  finger-like  processes  project  externally.  At  their  bases  corre- 
sponding to  the  central  space  are  single  rows  of  nucleated  cells.  On  the 
internal  side  of  the  inner  rod  is  a  single  row,  and  on  the  external  side  of  the 
outer  n>d8  are  three  rows  of  elongated  ciliated  cells.  Extending  acrtiss  the 
top  of  the  organ  of  Corti,  from  the  inner  hiiir-cella  to  the  external  wall  of 
the  canal,  is  a  very  delicate  structure  calle<l  the  reticular  membrane.  The 
auditory  nervc-6laments  probably  terminate  in  the  ciliated  cells,  being  in- 
timately connected  with  the  cilia. 

m 
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Pl«.  2.*^.— PKTBOVtl    BOKK    PaBTLY    KeMOVKI)  TO  SHOW   THE   MlCUUaAffOLIf    LABTRiyTK   tX  I'LMX. 

(BBEscuer.)    a,  small  uc;  6,  llaotnlith  ;  c.  dticlufi  reimlens;  d,  \Hrge  ftac  nr  utricle;  r.  Its  otoUU: 
f,  ampullHry  euUrgemeotsoiiaBeniiclroulAr  (abe:  a,  semicircnlar  tube. 

Fig.  251— DisTiumi-ntiN  or  XekvkstotiieMemiibanoiv  I.aiivrintii.  (Bkcschlt.)  a,Bemt»lh* 
Mocnie;  b,  nerve  entering  the  amptilUry  enUivement  on  »  •enttcircnUr  tube;  c.  branch  ollk* 
R«nre  eatorfiig  ibe  Utkc  u«  or  utricle. 


Pio.  262. 


DtAQKAMOrTllKHOM;  or  TK-tJUNATIlN  OP  THE   AimTnuV  NtllVK  t?(  THU  .VUI*ltLl.C  ASiD  SaiVVU 
1,  the  u  nil  of  the  ampullu  ;  2,  MrurturclewbiLtieTnent'tneinbmne  ;  3,  duublycontoiiivil  Offrr^ftlM>> 
4,  axl»-c)-ltnder  traren^ing  the  basement-roembmne :  5.  plcxlfortn  uDlon  of  fine  oerre^Ibr*  «^ 
lnterepen«(l  naclei ;  R.  ftKlfomi  oclU),  wUb  tinoleua  ftn<3  (Urk  fibre  In  ib^lntertar;  7,i 
CQlla:  $,  ftuilitoo*  bain. 
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§  792.  The  osseous  iHbyrinth  b  lined  by  a  fibro-eerous  membrane  which 
aecrctea  a  watery  fluid  called  the  perUymph,  The  perilymph  fills  the  scalie  of 
the  cochlea,  aud  aurruunde  the  dtictu«  coc/iicnrttf  and  ihe  membranous  |)ortiou9 
of  the  liibyriuti).  which  are  situated  in  the  vestibule  and  semicircular  canals. 

§793.  The  manbranotu  labt^inih  is  a  closed  sac  cijnsisting  of  the  semi- 
circular canals,  a  vestibular  portion,  and  the  ductus  cochlearis  of  rho  cochlea. 
The  semicircular  canals  are  of  the  some  form  as  the  osseous  canals,  and  are 
coDtaine<l  within  them.  The  vestibular  portion  consists  of  an  expanded  body, 
the  utricle,  and  a  smaller  body,  the  Kncctde.  The  utricle  is  situated  at  the 
fovea  hemie]li}>tica ;  the  semicircular  canals  omn  on  its  internal  surface. 
The  saccule  lies  at  the  fovea  hemispherica ;  it  is  connected  with  the  ductus 
cochlearis  by  the  tluclus  rcunietts.  In  the  walls  of  the  saccule  and  utricle 
are  two  calcareous  bodies  called  the  ohliOu^.  The  walla  of  the  ampulla, 
according  to  Bowman,  also  contain  some  grains  of  a  similar  sul>stance.  The 
walls  of  the  menibrauous  labyrinth  consist  of  a  fibrous  tissue,  lined  by  pave* 
menl  nucleated  epithelium  cells,  having  a  atructurele.«s  basement-membrane. 
These  epithelial  cells  are  ranch  modified  at  the  place  of  entrance  of  the  fibres 
of  the  audittiTy  nerve.  The  vestibular  branches  of  the  auditory  nerve  are 
distributed  to  the  ampullte,  utricle,  and  saccule.  (Fig.  251.)  In  the  utricle 
and  the  saccule  the  fibres  terminate  in  nval  plates,  called  i\\evMc\ilancu«tk4JE^ 
which  are  more  or  less  colored  by  the  deposition  of  yellow  pigment.  In  the 
anipulUo  the  fibres  terminate  in  elevations  called  the  crista  acustica.  After 
tht*  nerve  filament  pierces  the  membranous  wall  at  these  pointa.  the  axis- 
cyliniler  alone  penetrates  the  basement- membrane  ;  it  then  forms  a  pIcKusof 
delicate  nerve-fibres  with  nuclei,  and  finally  terminates  in  fusiform  epithelial 
cells  which  have  terminal  cilia  called  the  auditory  Imirs.  (Fig.  252.)  These 
ciliated  cells  are  supported  by  columnar  epithelium. 

The  membranous  labyrinth  is  lined  bv  polygonal  nucleated  epithelium, 
which  secretes  the  endolymph  which  fills  tde  sac.] 

The  Acoitsfic  Apparatits. 

§794.  Waves  of  sound  can  anrl  do  reach  the  endolymph  of  the  labyrinth 
by  direct  conduction  through  the  nkull.  Since,  however,  sonorous  vibrations 
are  transmitted  with  great  ditfictilty  from  the  air  to  solids  and  liquids,  and 
niotit  S4^>unds  come  to  us  through  the  air,  some  special  apparatus  is  recjuired 
to  transfer  the  aerial  vibrations  to  the  liquids  of  the  iuterual  ear.  This 
apparatus  is  supplied  by  the  tympanum  and  \t»  appendage.s. 

4%  795,  The  concha.  The  use  of  this,  as  far  a.i  hearing  is  concerned,  is  to 
collect  the  waves  of  sound  coming  in  various  directions,  and  to  direct  them 
on  to  the  membrana  tympani.  In  ourseJves  of  moderate  service  only,  in  many 
animals  it  is  of  great  importance. 

§796.  The  m^mbratm  Ujinpaui.  It  is  a  characteristic  property  of  st retched 
membranes  that  they  are  readily  thrown  into  vibration  by  aerial  waves  of 
sound.  The  membrana  tympani,  from  its  peculiar  conformation,  being  funnel* 
shaped  with  a  depres:sed  centre  Burn)unded  by  sides  gently  convex  outward, 
is  [>eculiarly  PUMcepiible  to  stmorous  vibratiouH,  aud  is  most  readily  thrown 
into  corres[K>nding  movements  when  waves  of  sound  reach  it  by  the  meatus. 
It  has.  moveover.  this  useful  feature,  that  unlike  other  stretched  membranes, 
it  has  no  marked  note  of  its  own.  It  is  not  thrown  into  vibrations  by  waves 
of  a  particular  length  more  readily  than  by  others.  It  answers  equally  well 
within  a  trcmsidcrable  range,  to  vibrations  of  very  diflereut  wavelengths. 
Had  it  a  fundamental  tone  of  its  own.  we  should  be  distracted  by  the  promi- 
nence of  this  ni>te  in  most  of  the  sounds  we  hear.  When  sounds  impinge  on 
the  solids  of  the  head,  as  when  a  watch   is  held   between  the  teeth,  the 
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membraua  tytupani  is  still  functioual.  Vibraiions  are  conveyed  from  the 
temporal  bone  to  it  atul  hcnre  pasd  in  the  iiHiinl  way,  in  addition  to  thofle 
Iranamitted  directly  from  the  bone  to  the  perilymph. 

§  797-  The  auditory  o^jticlee.  The  malleus,  the  handle  of  which  desoendio^ 
forward  and  inward,  is  attached  to  the  membraua  tympani,  and  the  incii*. 
who»e  long  process  is  connected  by  means  of  its  os  orbicubire  or  lenticular 
prooeas  and  the  stapes  to  the  fenestra  ovnlis,  form  together  a  boiy  which 
rotated  round  an  axis,  pftssing  through  the  short  process  of  the  incus,  \ht 
bodies  of  the  incus  and  malleus,  and  the  processus  gracilis  nf  the  mnlteus- 
[Fig.  253.]     When  the  malleus  is  carried  inward,  the  incus  moves  inward 


I  Flo.  2.^3. 


Ite  OHGUi  nr  INxfTTtoN.    MaKntfleO  four  Umes.    (After  HrNnw.l 
The  figara  repnMnfiiAaeetlon  tbn.iiigb  tymiuiiiuiii  in  tliQ  Hue  of  (.be  tnn^  ilxIh  uf  the  raalVuv aa^ 
in.cafi ;  iho  short  pmcem  of  the  Inmis.  p'b\  has  been  cut  through. 

T.C,  the  tympaatc  carltjr;  m&r,  liandle  of  malleiis;  u,  umbo;  ff.fi,  abort  proc^'^  of  the  umn 
sliown  in  dott«d  uutline  iw  (luithlng  oiilWArd  Ihe  uieiobraoa  flHCclda  ;  T.T.  the  Att.i  '  ''i* 

tendoD  of  tbe  teiiBor  tymjAnl ;  t^.  the  AUacbmeui  of  the  exlemal  lip&rnent  of  ihv:  in.  ''< 

superior  Uffaineot  of  the  malleus ;  M,  the  leeth  of  the  Incna;  p'^,  the  lung  pruceaesbaii  <>i   u 
St,  the  stape«.} 

too,  and  when  the  malleus  returns  to  its  position,  the  incus  returns  with  it, 
the  peculiar  saddle-shaped  joint  with  its  catch  teeth  permitting  this  moTt- 
raent  readily,  but  preventing  the  stapea  being  pulled  back  when  the  mem- 
braua tympaui  with  the  malleus  i^,  for  any  reason,  pushed  outwanl  more 
than  usual ;  the  joint  then  gapes,  so  as  to  permit  the  malleus  to  be  moTed 
aJone.  Various  ligaments,  the  superior  or  suspensory,  anterior,  and  exteroal* 
alBO  servo  to  keep  the  malleus  in  place.  The  whole  series  of  ossiclei  ma^ 
be  regarded  as  a  single-armed  lever,  moving  ou  the  ligamental  att-tichraent 
of  the  short  process  of  the  incus  to  the  posterior  wall  of  the  tympanum,  the 
weight  being  brought  to  bear  at  the  end  of  the  long  process  of  the  incitf, 
and  the  power  at  the  end  of  the  handle  of  the  malleus.  The  long,  malleal 
arm  of  tliis  lever  is  about  94  mm.,  the  short,  stapedial,  6^  mm.  in  length; 
hence,  the  movements  of  the  stapes  are  less  than  those  of  tbe  tympanuto; 
but  the  loss  iu  amplitude  is  made  up  by  a  gain  of  force,  whici)  ia  to  iiaetf 
an  obvious  advantage. 

Thus  every  movement  of  the  tympanic  raembraue  is  transmitted  thruiuli 
this  chain  of  oasicles  to  the  membrane  of  the  fenestra  ovalis,  and  so  to  Ufl 
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pcTilTmph  of  the  labyrinth  :  the  vibrationfl  of  the  tynipanic.  membrane  are 
conveyc^l  with  iucreaaed  iutennity,  though  with  ilimiuished  amplitude,  to  the 
latter.  That  the  bones  thus  move  en  mox^e  has  been  proved  by  recordiag 
their  movemeuU  iu  the  usual  graphic  method.  A  very  light  style  attached 
to  the  iucus  or  6ta[>e8  is  iimde  tu  write  on  a  travelling  surface;  when  the 
membrana  tympani  is  thrown  into  vibrations  by  a  sound,  the  cur\'ea  described 
by  the  style  indicate  that  the  chain  of  bones  moves  with  every  vibration  of 
the  tympanum.  On  the  other  hand,  the  comparatively  looee  ultaohmeuta  of 
the  several  bonea  is  an  obstacle  to  the  molecular  transmission  of  souoroua 
vibrations  through  them.  Moreover,  sonorous  vibrations  can  only  be  trans- 
mitted to  or  pass  along-  such  bodies  as  either  are  very  long  compared  to  the 
length  of  the  sound-waves,  or,  as  in  the  case  of  membranes  and  strings,  have 
one  dimension  very  much  smaller  than  the  others.  Now  the  bonea  in  quee- 
tion  are  not  especially  thin  in  any  one  dimension,  but  are  in  all  their  dimen- 
sions excee<lingly  small  compare<l  with  the  length  of  the  vibrations  of  even 
the  shrillest  sounds  we  are  capable  of  hearing;  hence,  they  must  be  useleas 
for  the  molecular  propagation  of  vibrations. 


[FM.au. 


[Fra.  396. 


FlO.  251— DUOKAV  OP  THB  OlTEK  WALL  or  TUB  TYMPAKUM  (KIOITT  KaR)  AM  SXMH  PMOX  TSIB 
UtrnXL  SWC,  9I10VINU   tMKKTIOX   OP  TC.M!M>lt  TYMrANI.      Maffnlflod  twlcC.      (After  SCHWALftB.) 

n.t.  menthnuui  ijrmpftnl ;  raft,  tuinillc  nf  V,  the  mnllcus;  /.  the  Inciu;  EJ,  EiuUchUn  ttih«:  T.T, 
tniflor  trmpnnl.  tb«  tctKlonof  whlcb  !;■  Attached  tu  ibc  banJIc  of  tbo  iitAlleus:  fiin.  ttieftnicrior, 
ftnd/ff.f  th«iui>erior,  llHionentof  tbe  malleiw;  ch.t,  tbe  obunlft  tympknl  uerre  paaduit  Uuvucb  tlui 
tympanic  tarltjr. 

Flo.  3M.— Tac  dTAPB*  IK  PoftiTioic.    UuobmAgnlOed.    (Schwalbk.) 

I.  thfl«odof  Uicihttft  of  thtiluciis:  2,  Its  ex|j«iuilon  nrot  orblculare  ;  y,  tbe  vtJcularcwtlkgSOl 
IbeMcoe;  8.  tbeoapliulumonbe  sUipm;  3',  Ur  KrllouULrmirtllaffc:  4,  tbc  boo(«  of  the  ilapM :  A,  lbs 
ftwt-plBlc  of  tbe  napes :  5*.  Ha  artlciilAr  cartlla^ :  8.  iho  mcfobrane  of  ibfi  tboeitra  oralis. 

8T.  cbo  tendoa  of  tbe  iit«|«dlu»  muacle  attacbed  In  the  cspttulum  of  tbo  itapoa.] 

§  798.  The  tensor  tympani  mtutcle  even  m  a  quiescent  state  is  of  use  in  pre- 
venting the  membrana  lympsnl  being  pushed  out  far.  [Fig.  254.]  When 
It  contract^)  it  renders  the  membrana  tympani  more  tense,  and  hence  has 
been  suftposed  to  act  as  a  damper  lessening  the  amount  of  vibration  of  the 
membrane  in  the  case  of  too  powerful  sounds;  it  is  said  to  be  readily  thrown 
into  contraction  at  the  commencement  of  a  sound  or  noise,  but  to  return  to 
re$jt  during  the  continuance  of  a  musical  note.  Efferent  impulses  reach  it 
through  fiores  of  the  tiAh  nerve,  and  its  activity  is  re^ilated  by  a  reflex 
action.     In  some  persons  tbe  muscle  seems  to  be  partly  under  the  dominion 
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of  the  will,  since  a  peculiar  crackling  noiac  which  these  persona  can  produce 
at  pleasure  appears  to  be  caused  by  a  contracti<jD  of  the  tensor  tympanJ. 

The  socallerl  laxator  tyiupani  is  considered  to  be  not  a  muscle  at  all.  but 
a  part  of  the  ligamentous  supports  of  the  malleus. 

S  799.  The  shtpedius  muscle  by  pulling  upon  the  head  of  the  bone  [Fig. 
265]  is  8uppoee<i  to  regulate  the  niovenients  of  the  stapes,  and  especiflllj"  lo 
prevent  its  base  being  driven  too  far  into  the  fenestra  ovaMs  during  large  or 
sudden  muvemeuts  of  the  membrana  tympaui.  It  is  governed  by  tibres  from 
the  facial  nerve. 

ij^§800.  The  Eustachian  tube  This  serves  to  maintain  an  equilibriuni  of 
pressure  between  the  external  air  and  that  within  the  tympanum,  nnd  to 
serve  as  an  exit  for  the  secretions  of  that  cavity.  Were  the  tympanum  per- 
maneatly  closed  the  vibraiiouR  of  the  membrana  tympani  would  be  iujuriouely 
aflTected  oy  variations  of  pressure  occurring  either  inside  or  outaide.  The 
Eustachian  tube  is  undoubtedly  open  daring  swallowing,  hut  it  is  still  di»- 
puted  whether  it  remains  permanently  open,  or  is  opened  only  at  intervals; 
probably  it  is,  at  most  times,  neither  widely  open  nor  closely  shut. 

Auditory  Senmiions, 

g  801.  Each  vibration  communicated  by  the  stapes  to  the  perilyropb 
travels  as  a  wave  over  the  vestibule,  the  semicircular  canals,  a»d  other  p&rts 


(Fig.  256. 


a.e. 


DiAOItAM  or  TIIR   OlUlAN'   OF  Co»TI, 


tf. 


(After  Kerann.) 

i.r,  inner  rwi  of  Corti :  o.r.  niiter  nul  or  {'ortl. 

i.h.r.  Inner  lulr-c^lls:  «.c,  the  group  or  nnolel  beneath  U  :  o.h.f.  oiUcr  hair-cell,  or  iscll  of  Cnrti.o* 
tbe  Qnt  row  :  e.D.  Its  twin  cell  of  Doll«ns — four  roirsof  tbcw  twin  ceils  Kro«br>wn, 

R.aud,  Lhc  Hudllory  ucrvc  [lerfitrnUug  the  tyiofAuic  lip,  /./,  And  lout  to  view  mhoui;  the  nueiel  b^ 
nealh  the  Inner  halr-ocll :  i.tp.n,  the  Inner  spiral  stiand  of  nerve-librllljc  ;  t.fip.n.  iha  splnl  irtaA 
or  the  tunnel  -.  o.trp.n.  ttie  ooter  Hplrat  strand  belon^nfr  to  the  Ont  row  of  onter  batr-ccUj>:  the  tbm 
■ncceertinp;spinii  utmurl^  twioDgin^tothD  three  otiier  rowfiArenlsoihown,  Ner¥e-llln1t1d>«fv«tMi«a 
Btrvtciiln^  radially  across  the  tunnel. 

iLc,  Hoiitvu'h  cells:  Cl.c,  Climdluit'H  cellii ;  m.b.  bwdiitr  laerabnine;  ft,  lyiniihaUc  e{4ttiAlk>lit  UbUV 
of  Uie  bflJilldT  nietnbnine  on  the  side  toward  the  »cata  tjrmpani ,  tft.0p,  »piriil  llgamem  •-  '->'it-  tmntf 
the  Bpiral  grooyii.  overhung  by  t.v,  the  vesilbular  Up ;  m.t,  the  lectnriat  membrane-  -^  :  ii 

If  aeeu  loru  from  tiie  nsl  and  odheraut  lo  tbe  orxan  of  Corll  junt  otitsldr  the  rMUcriD<  >•'  ■  ■  \it 

hatMxtU.] 

of  the  labyrinth ;  and  from  the  perilymph  is  transmitted  through  the  mcin- 
branou^j  walla  to  the  endolymph.  From  the  vt'i^tibule  it  passes  on  into  tlie 
ecala  vesiibuli  of  the  cochlea,  and  descending  the  soala  tympani,  ends  as  an 
impulse  against  the  membrane  of  the  fenestra  rotunda.  In  the  regioDs  nf 
the  macula?  and  eristic  the  vibrations  of  the  entlolymph  arc  suppoeed  to  throw 
into  corresponding  vibrations  the  so-called  auditory  hairs.     lu  tbe 
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the  vibrations  of  the  iierilymph  are  supnoae*!  to  throw  into  vihralious  the 
basilar  membmne  witn  the  euporimpa^a  organ  of  Corti,  consbting  of  the 
roda  of  Corti  with  the  inner  and  outer  hair-cella.  [Fig.  256.]  The  vibra- 
tions thus  transmitted  to  these  stni<;tures  give  rise  to  uervoua  iaipulseH  in 
the  leriniiiationa  of  the  auditory  nerves,  and  che!»e  impulses  reaching  certain 
part«  of  the  brain  produce  what  we  call  auditory  seusations.  We  are  accus- 
tomed to  divide  our  auditory  seni^ation.^i  into  those  caused  by  noises  and  those 
caused  by  musical  sounds.  It  is  the  characteristic  of  the  latter  that  the 
vibnitlons  which  conntitute  them  arc  periodical;  they  occur  and  recur  at 
regular  intervals.  When  no  marked  periodicity  is  present  in  the  vibrations, 
when  the  i-epetition  of  the  several  vibrations  is  irr^ular,  or  the  period  ao 
complex  as  not  to  be  readily  appreciated,  the  sensation  produced  is  that  of 
a  noise.  There  is,  however,  net  abrupt  line  between  the  two.  Between  a 
pure  and  simple  musical  sound  produced  by  a  aeries  of  vibrations,  each  of 
which  has  exactly  the  same  wave-length,  and  a  harsh  noise  in  which  no 
consecutive   vibrations   may   be   alike,   there  are   numerous    intermediate 

§  802-  In  both  noises  and  musical  sounds  we  recognize  a  character  which 
we  call  loudness.  This  is  determined  by  the  amplitude  of  the  vibrations ; 
the  greater  the  disturbance  of  the  air  (or  other  medium)  the  louder  the 
aound.  In  a  musical  sound  we  recognize  also  a  character  which  we  call 
pitch.  This  is  determined  by  the  wave-length  of  the  vibrations;  the  shorter 
the  wavedength,  the  larger  the  number  of  consecutive  vibrations  which  fall 
upon  the  ear  in  n  second,  the  higher  the  pitch.  We  are  able  to  6[>eak  of  a 
whole  series  of  tones  or  musical  sfiunds  of  different  pitch,  from  the  lowest 
to  the  highest  audible  tone.  And  even  in  many  noises  we  can,  to  a  certain 
exi«nt,  recognize  a  pitch,  indicating  that  among  the  multifarious  vibrations 
there  is  a  peri'jdicity  of  certain  groups*  of  vibrations. 

ti  803.  Lastly,  we  distinguish  musical  dounds  by  their  quality;  the  same 
note  sounded  on  a  piano  ana  on  a  violin  produce  verydiHercnt  raensations.even 
when  a  series  of  vibrations  having  in  each  case  the  same  period  of  rejieiition 
is  set  going.  This  arises  from  the  fact  that  the  musical  sounds  generated  by 
moet  musical  instruments  are  not  simple  but  compound  vibrations.  When 
the  note  C  in  the  treble  fur  instance  is  struck  on  the  piano,  and  we  analyze 
the  total  sound,  we  find  that  it  can  be  resolved  partly  into  a  series  of  vibra* 
tioDs  with  a  period  characteristic  of  the  pure  tone  of  the  treble  C,  and 
partly  into  other  series  of  vibrations  with  (>eriods  characteristic  of  the  C 
in  the  octave  above,  of  the  G  above  that,  of  the  C  in  the  next  octave,  and 
of  the  £  above  that.  And  the  sensation  which  we  associate  with  the  sound 
of  the  treble  C  on  the  piano  is  determined  by  the  characters  of  the  complex 
vibration  arising  out  of  these  several  cimstituent  simple  vibratinns.  Almost 
ail  musical  sounds  arc  thus  composed  of  what  is  called  a  "  fundamental 
tone'*  accompanied  by  a  number  of  "overtones."  And  the  overtones  vary- 
ing in  number  and  relative  prominence  in  different  instruments,  give  rise  to 
a  ditference  in  the  sensation  caused  by  the  whole  tone.  So  that  while  the 
fundamental  tone  determines  the  pitch  of  the  sound,  the  quality  of  the  sound 
is  determined  by  the  number  and  relative  prominence  of  the  overtones.  In 
a  somewhat  similar  way  we  distinguish  the  quality  of  noises,  such  as  a  bang- 
ing, crackling,  or  rustling  noise,  by  an  appreciation  of  sudden  or  irregular 
changes  in  the  amplitude  and  period  of  the  constituent  vibrations. 

§  804.  Since  we  have  a  very  considerable  appreciation,  capable  by  exer 
ciae  of  aiitonishing  cnlargemont,  of  the  toudnen.  pitch,  and  quality  of  a  wide 
rmnge  of  noises  and  musical  stjunde,  it  is  clear  that,  within  the  limits  of  hear- 
ing, each  vihratinn  or  seriee  of  vibrations  must  produce  it«  effect  on  the  audi- 
tory nerves,  acconling  to  the  measure  of  it«  inteiisity  and  period.     Out  of 
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thoee  effects,  out  of  the  sensory  impulses  to  which  the  several  vibrations  4^| 
give  rise,  are  generated  our  Bonsations  of  the  noise  or  of  the  sound.  ^1 

The  vibrations  of  a  musical  sound  (and  since  noises  are  so  imperfectly  under- 
stood, we  may,  with  benefit,  chietly  confine  ourselves  to  musical  soun<l8;,  is 
they  pass  through  the  air  (or  other  medium)  are  not  discrete;  the  vibratiooi 
corresponding  to  the  fundamental  tone  and  overtones  do  not  travel  as  so 
many  separate  waves;  they  all  together  form  one  complex  disturbance  of 
the  merliuni ;  and  it  is  as  one  coinponlte  wave  that  the  sound  falls  on  the 
membrami  tympani,  and  passing  through  the  auditory  apparatus,  breaks  on 
the  terminations  of  the  auditory  nerve.  And  when  two  or  more  musical 
eouuds  are  heard  at  the  same  time,  the  same  fusion  of  the  waves  occuA- 
Since  we  can  didtiuguish  several  tonc^  reaching  our  ear  at  the  same  timevic 
is  clear  that  we  must  possess  in  our  minds  or  in  our  ears  some  means  of 
analyzing  thegc  composite  waves  of  sound  which  fall  on  our  acoastic  orgaiM, 
and  of  sortiug  out  their  constituent  vibrations. 

§  805.  There  is  at  hand  a  simple  and  easy  physical  method  of  analvzlog 
composite  sounds.  If  a  person  standing  before  an  o])en  piano  sings  out  any 
note,  it  will  be  observed  that  a  number  of  the  strings  of  the  piano  will  be 
thrown  into  vibration,  and  on  examination  it  will  be  found  that  those  striagi 
which  are  thus  set  going  correspond  in  pitch  to  the  fundamental  tone  and  to 
the  several  overtones  of  the  note  sung.  The  note  sung  reaches  the  strings 
as  a  complex  wave,  but  these  strings  are  able  to  analyze  the  wave  into  its 
constituent  vibrations, each  string  taking  up  those  vibrations  and  those  vibn- 
tiona  only  which  belong  to  the  tone  given  forth  by  itself  when  struck.  If 
we  suppose  that  each  terminal  fibril  of  the  auditory  nerve  is  connected  with 
an  organ  so  far  like  a  piano-string  that  it  will  readily  vibrate  in  response  to 
a  aeries  of  vibrating  impulses  of  a  given  period  and  io  none  other,  and  thw 
we  possess  a  number  of  such  terminal  organs  sutiicient  for  the  analysis  ut'tdl 
the  sounds  which  we  can  analyze,  and  that  each  tenninal  organ  s<)  a^ded 
by  particular  vibrations  gives  rise  to  a  sensory  impulse  and  thus  to  aseuf 
tion  of  a  distinct  character — if  we  suppose  these  organs  to  exist,  our  appre- 
ciation of  sounds  is  in  a  large  measure  explained.  In  the  organ  of  Corti  w« 
find  structures  the  arrangement  of  which  irresistibly  suggests  to  us  that 
these  arc  the  organs  wc  arc  seeking.  We  have  only  to  suppose  that  of  the 
long  aeries  of  rods  of  Corti,  varying  regularly  as  these  do  from  the  l)otu>ai 
to  tne  top  of  the  spiral,  in  length  and  in  the  span  of  their  arch,  each  pair 
will  vibrate  in  response  to  a  particular  tone,  and  the  whole  matter  seem« 
explained.  But  the  more  the  subject  is  inquired  into,  the  more:  complex 
and  difficult  it  appears ;  and  we  are  obliged  to  conclude  that  the  part  pUyed 
by  the  rods  of  (Jorti  is  only  a  subordinate  part  of  the  function  ot  the  whole 
organ  of  Corti. 

In  the  tirat  place,  it  is  difficult  to  see  how  the  rods  of  Corti,  even  if  tbey 
are  thrown  into  vibration,  can  originate  sensory  impulses,  for  the  fibrils  of 
the  auditory  nerve  terminate  in  the  inner  and  outer  hair-cells,  and  it  is  in 
these  celts,  and  not  along  the  course  of  the  fibrils  as  they  [muss  under  &d J 
between  the  rode  of  Corti,  that  the  sensory  impulses  must  begin.  In  tks 
second  place,  the  variation  in  length  of  the  fibres  along  the  series  is  insuffi- 
cient for  the  work  assigned  to  them.  Moreover,  they  appear  not  tu  be  elastic 
Lastly,  they  are  wholly  absent  in  birds,  who  very  clearly  can  appreciate 
musical  sounds.  This  last  fact  proves  indubitably  that  the  rods  in  question 
are  nut  absolult^ly  essential  fur  the  recognition  of  tones.  Iii  the  face  nf  these 
difficulties  it  has  been  suggested  that  the  basilar  membrane,  which  is  present 
in  birds  as  well  as  in  mammals,  and  which,  being  tense  radiallv  but  loose 
longitudinally,  i.  e.,  along  the  Ppiral  of  the  cochlea,  may  be  considertyi  w 
consisting  of  a  number  of  parallel  radial  strings,  each  capable  of  inde- 


pendent  vibrnlionB,  is  the  sought-for  organ  of  analysis;  for  it  may  be  shown 
mathematically  that  a  membrane  so  stretched  in  one  direction  only  is  capa- 
ble of  vibrating  in  such  a  manner.  And  the  radial  dimensions  of  the 
basilar  membrane  give  a  much  greater  range  of  difference  than  do  the  rods 
of  Corti,  diminishing  in  man  downward  from  0.496  mm.  at  the  top  to 
0.04125  mm.  near  the  bottom  of  the  spiml,  wherea.^  the  diiierence  in  length 
of  the  latter  is  simply  that  between  0.048  and  0.085  mm.  for  the  inner,  and 
between  0.019  and  0.085  ram.  for  the  outer  fibres.  According  to  this  view. 
a  particular  simple  vibration  reaching  the  scala  tympani  of  the  cochlea 
throws  into  sympathetic  vibrations  a  small  portion  of  the  basilar  membrane, 
the  vibrations  of  which  in  turn  so  atfect  the  structures  o%'erlying  it.  that  sen- 
sory impulses  are  generated.  The  sensory  impulses  reaching  the  brain  give 
rise  to  a  corresponding  sensation  of  a  particular  tone. 

The  remarkable  reticular  membrane  which  has  such  ])eculiar  relations 
with  the  hair-cells,  and  through  them  with  the  basilar  membrane,  must,  one 
might  imagine,  have  some  sj)ecial  function ;  but  it  is  impossible  at  pret^ent 
to  assign  to  it  any  satisfactory  duty.  The  structural  arrangements  seem,  if 
anything,  to  indicate,  that  when  a  segment  of  the  basilar  membrane  is 
thrown  into  vibrations,  the  overlying  nair  cells,  reticular  membrane,  and 
rod*  of  Corti  vibrate  en  maMe  with  it.  But  this  renders  the  whole  matter 
still  more  difficult.  Indeed  the  whole  subject  is  in  the  highest  degree  ob- 
scure, and  the  most  we  can  say  is  that  the  organ  of  Corti  as  a  whole  seems 
to  be  in  some  way  connected  with  the  appreciation  of  tones,  but  that  at 
present  it  is  very  hazardous  to  attempt  to  explain  how  it  acts,  or  to  assign 
particular  functions  to  particular  parts.  The  distinction  between  the  inner 
and  outer  hair-cell^  seems  to  be  very  {mrallel  to  that  between  the  rods  and 
the  cones  of  the  retina;  but  even  this  analogy  may  be  a  fallacious  one. 

It  has  been  observed  that  among  the  auditory  hairs  of  the  Crustacea, 
some  will  vibrate  to  particular  notes ;  but  the  auditory  hairs  of  the  mammal 
ftre  (kr  too  much  of  the  same  length  to  permit  the  supposition  that  they  can 
act  as  organs  of  analysis. 

If  the  organ  of  Corti  is  the  means  by  which  we  appreciate  tones,  it  is 
evident  that  by  it  also  we  must  be  able  to  estimate  loudness,  for  the  cjuaiity 
of  a  musical  sound  is  de|)endent  on  the  relative  intensity,  as  well  as  on  the 
nature,  of  the  overtones.  And  since  noise  is  at  best  but  confused  music,  the 
cochlea  must  bo  a  means  of  appreciating  noises  aa  well  as  sounds.  But  this 
would  leave  nothing  whatever  for  tlie  rest  of  the  labyrinth  to  do  in  respect 
to  the  appreciation  of  sound  savesu  far  aa  the  difTerenceiu  structure  between 
the  hair-cells  of  Corti,  with  their  short,  thick  rods,  and  the  hair-bearing 
structures  in  the  macula;  and  cristfe  with  their  thin,  delicate  hairs,  may 
possibly  indicate  a  ditierence  of  function,  the  latter  being  more  susceptible 
to  the  irregular  vibrations  of  noises.  That  the  vestibule  and  semicircular 
canals  are,  however,  concerned  in  hearing  is  ^ihown  by  its  being  the  only 
auditory  organ  in  the  ichthyopsida,  unless  we  8upr>ose  that  in  tlie  higher 
vertebrates  its  function  has  been  wholly  transferred  to  the  cochlea.  That 
the  semicircular  canals  may  have  duties  apart  fnim  hearing  wo  shall  show 
later  on. 

§806.  Concerning  the  function  of  the  other  parts  of  the  intenial  ear  we 
know  very  little.  The  otoliths  have  been  8Up[>oeed  to  intensify  the  vibrations 
of  the  endolymph  ;  but  since  apparently  they  are  lodged  in  a  quantity  of 

» mucus  it  is  probable  that  they  really  act  as  dampers.  A  similar  damping 
Action  has  been  suggested  for  the  membrane  of  Corti  (meinbrana  tectoria)  ovcr- 
baugiug  the  fibres  and  hair-ceils;  and  some  writers  have  supposed  that  mus- 
cular fibres  present  in  the  planum  semilunare  may  by  tightening  the  basilar 
membrane  serve  as  a  sort  of  accommodation  mechanism. 
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It  must,  however,  he  borue  iu  luiud  that  even  making  the  fullest  all< 
ance  for  the  assistance  affordeii  us  by  the  organ  of  <.>)rti.  the  appreciation 
of  any  sound  is  ultimately  a  mental  act.  The  analysis  of  the  vibrations  by 
the  nbrcti  of  Corti  or  the  basilar  membrane  is  simply  preliminary  to  b 
synthesis  of  the  sensory  impulses  bo  generated  into  a  complex  sensatioD 
We  do  not  receive  a  distinct  series  of  specific  auditory  impulses  resulting  in 
a  specific  sensation  for  every  possible  variation  in  the  wave-length  of  st^nor- 
ous  vibrations  any  more  than  we  receive  a  distinct  series  of  B(>ecific  viiutl 
impulses  for  every  poasible  wave-length  of  luminous  vibrations.  In  each 
case  we  have  probably  a  number  of  primary  sensations,  from  the  varioos 
mingliug  of  wnich^  in  different  proportions,  our  varied  complex  sensaciooi 
arise;  the  difference  between  the  eye  and  the  car  being  that  whereas  in  tbe 
former  the  number  of  primary  sensations  appears  to  be  limited  to  three  or 
at  least  to  six*  iu  the  latter,  thanks  to  the  organ  of  Corti,  the  number  ii 
very  large  ;  what  the  exact  number  is  we  cannot  at  present  tell.  Our&p  - 
preciation  for  a  sound  is  at  bottom  an  appreciation  of  the  combined  efliM^H 
produced  by  the  relative  intensities  to  which  tbe  primary  auditory  sensational 
are,  with  the  help  of  the  organ  of  Corti,  excited  by  the  sound. 

§607.  Whatever  be  the  explanation  of  the  manner  in  which  our  distinct 
auditory  sensations  arise,  the  range  and  preclsi(m  of  our  appreciation  of 
musical  sounds  is  very  great.  Vibrations  with  a  recurrence  lielow  liO  a  sec- 
ond '  are  unable  to  prf>duce  a  sensjiiion  of  sound;  if  the  waves  are  powerfol 
enough  we  may  feel  them,  but  we  do  not  hear  them  if  the  vibrations  are  simple, 
and  such  as  would  give  rise  to  a  pure  tone  ;  if  the  fundamental  tone  is  acooin- 
panied  by  overtones  we  may  hear  these,  and  are  thus  apt  to  say  we  hear  the 
former  when  in  reality  we  only  hear  the  latter.  The  note  of  the  16 Heet 
organ  pipe,  33  vibrations  a  second,  gives  us  the  sensation  of  a  droning 
aound.  A  tone  of  40  vibrations  is,  however,  quite  distinct.  In  the  other 
direction  it  is  pos^hle  to  hear  a  note  caused  by  38,000  vibrations  a  aecund* 
though  the  limit  for  moat  periwns  is  far  lower— about  16,000.  Some  penons 
hear  grave  sounds  more  easily  than  high  ones  and  vice  venna.  This  may  be 
80  pronounced  as  to  justify  the  subjects  being  spoken  of  as  deaf  to  grave  »f 
high  tones  respectively.     The  range  in  different  animals  is  very  different 

The  power  of  distinguishing  one  note  from  another  varies,  as  is  well 
known,  in  different  individuals,  according  as  they  haveor  have  nota  *'ma«icttl 
ear."  A  well-trained  ear  can  distinguish  the  difference  of  a  single  or  even 
of  a  half  vibration  a  second,  and  that  through  a  long  range  of  notes.  Th« 
range  of  an  ordinary  appreciation  of  tones  lies  between  40  and  4<XK)  vibm* 
tiuus  a  second,  i.  <;.,  between  the  lowest  buss  C  (C,  32  vibrations)  and  the 
highest  treble  C(C*  4224  vibrations)  of  the  piano  ;  tones  above  and  below  these, 
even  when  audible,  being  distinguished  from  each  other  with  great  ditficulty. 

§808.  When  two  consecutive  sounds  follow  each  other  at  a  sufficiently  short 
interval  the  sensations  are  fused  into  one.  In  this  respect  auditory  eensatioos 
are  of  shorter  dumtiim  than  ocular  sensations.  When  ocular  sensations  are 
repeated  ten  times  in  a  second  they  become  fused  (p,  915),  wherea**  thr  licks 
of  a  pendulum  beating  100  iu  asecoud  are  readily  audible  as  distinct  sounds. 
When  two  tuning-forks  not  quite  in  tune  are  struck  together  the  interfereace 
of  the  vibration:^  gives  rise  to  an  alternating  rise  and  fall  of  the  aound,  known 
as  "  beats."  When  the  beats  follow  each  other  as  rapidly  as  132  in  asecood 
they  cease  to  be  recognized,  that  is  to  say,  the  sensations  which  they  caum 
become  fused.  Before  they  disap})ear  they  give  a  peculiar  disagreeable 
roughness  to  the  8(»und.  The  pleasure  given  by  musical  sounds  dei^emls 
largely  on  the  absence  of  this  incomplete  tusion  ot  sensations. 
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§  809.  Corresponding  to  enloplic  phenomena  there  are  various  ent/itie 
phenomena.  sensatioiiH  or  mudiHcatiuos  of  seusatinna  originatiug  in  the 
tympanum  orin  thehibyrinth;  moreover  sensations  of  sound  may  rise  in  the 
auditory  nerve  or  in  the  braiu  itself,  without  any  vibration  whatever  falling 
on  the  labyrioth. 

Auditory  JudgmenU. 

§810.  In  seeking  for  the  cause  of  our  %n8ual  sensations  we  invariably  refer 
to  the  external  world.  The  sensation  caused  by  direct  stimulation  uf  the 
optic  nerve  or  retina  by  a  blow  or  a  galvanic  current,  we  identify  with  that 
caused  by  a  flash  of  light.  A  sensation  arising  from  any  stimulation  of  the 
left  side  of  our  retina  we  regard  as  caused  by  some  object  on  the  right-hand 
side  of  our  external  visible  world.  In  a  similar  way,  but  to  a  less  extent, 
we  project  our  auditory  sensations  into  the  world  outside  us.  and  when  the 
auditory'  nerve  is  afiecte<1  we  seek  the  cause  in  vibrations  starting  at  a  greater 
or  less  distance  from  us.  We  do  not  think  of  the  sound  as  originating  in  the 
ear  it^lf. 

This  mental  projection  of  the  sound  is  much  more  complete  when  the  ear 
is  stimulated  by  vibrations  reaching  it  through  the  mcmbrana  tyroimiii  than 
when  the  vibrations  are  conducted  by  the  j^olids  of  the  head  directly  to  the 
perilymph  of  the  labyrinth.  When  the  meatus  externus  is  tilled  with  fluid 
and  the  vibrations  of  the  membrana  tyinpani  are  in  consequence  interfered 
with,  the  apparent  outwardness  of  sounds  is  to  a  very  large  extent  lost; 
sounds,  however  caused,  seem  under  these  circumstances  to  arise  in  the  ear. 
Hence  it  would  seem  that  the  vibrations  of  the  membrana  tympani,  or 
pOBsibly  the  action  of  the  muscles  attached  to  the  ossicula,  give  rise  to 
obscure  sensalionfl  of  which,  by  theniselvos.  we  are  not  distinctly  conscious, 
but  which  nevertheless  lead  us  to  judge  that  the  sounds  heard  oy  means  of 
the  tympanum  come  from  outside  the  ear. 

§  811.  Our  judgment  of  the  dutance  of  sounds  is  very  limited.  A  sound 
whose  characters  we  know  appeann  to  us  near  when  it  is  loud,  and  far  otiT  when 
it  is  fainU  A  blindfold  person  will  l>e  unable  to  distinguish  between  the 
diflerence  of  intensity  produced  on  the  one  hand  by  a  tuning-fork  being  held 
before  him,  first  with  the  broad  edge  of  the  fork  toward  him  and  then  with 
the  narrow  edge,  and  the  ditference  on  the  other  hand  caused  by  the  removal 
of  the  tuning-fork  to  a  distance.  We  can,  on  the  whole,  better  appreciate 
the  distance  of  noises  than  of  musical  sounds. 

§  812.  Our  judgment  of  the  direction  of  sounds  is  also  very  limited.  Our 
chief  aid  in  this  is  the  position  in  which  we  have  to  place  the  head  in  order 
that  we  may  hear  the  sound  to  the  best  advantage.  If  a  tuning-fork  l>e  held 
in  ihe  median  vertical  plane  over  the  head,  though  it  is  easy  to  recognize  it 
as  being  in  the  median  plane,  it  becomes  very  diftictilt  when  the  eyes  are  shut 
to  say  what  is  its  position  in  that  plane,  i.  e,,  whether  it  is  more  toward  the 
front  or  back  of  the  head.  In  this  respiect.  too,  our  appreciation  is  more 
accurate  in  the  cose  of  noises  than  of  musical  sounds,  with  the  exception  of 
those  given  out  by  the  human  voice,  the  direction  of  which  can  be  judged 
better  than  even  that  of  a  noise. 


I  Smell. 

^B  [Pf^yiiotoffical  Analomy  oftht:  Nwal  Fo»»as, 

^^  ji  813.  The  misal  fonBiD  ore  two  irregular  cavities  which  communicate 
anteriorly  with  the  air  through  the  anterior  nares  and  [}Osturiurly  with  the 
pharynx  through  the  posterior  nares.     The  fossae  are  partially  divided  into 
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upper,  middle,  and  lower  air-passages  or  chambers  by  the  Buperior,  middk 
and  inferior  turbinated  bones,  fhey  are  lined  by  the  Schneideriao  ur 
pituitary  mucous  membrane,  which  is  continuous  anteriorly  with  the  iatego- 
raent  and  posteriorly  with  the  mucous  membrane  of  the  pharynx  ;  and  with 
the  membrane  lining  the  ducts  and  sinuses  connected  with  tb«  foss;e.  At  the 
position  of  the  distribution  oi'  the  nlfnctory  nerve  filaments  it  is  much  thicker, 
more  vascular,  pigmented,  and  Hued  by  columnar  nucleated  epithelium  celli; 
the  remaining  porlitm  of  the  membrane  covering  the  Tosste,  excepting  near 
the  anterior  nares.  is  lined  by  colunniar  ciliated  epithelium.  This  raenoortac 
contains  racemose  mucous  glands^  which  secrete  mucus  for  the  purpoeeof 
keeping  the  membrane  constantly  moist,  which  is  a  condition  estentialb) 
perfect  olinction. 

§  814.  The.  olfactory  tract  ia  a  prolongation  of  the  cerebrum,  which  termi- 
nates anteriorly  in  a  bulbous  expansion,  the  olfactory  ganglion.  It  consiitii 
principally  of  gray  matter.  This  ganglion  rest*  upon  the  cribriform  plate  of 
the  ethmoid  bone,  and  in  thin  pa^ition  sends  about  twenty  fitamenL-i.  trhiok 
consist  of  gray  matter  alone,  through  the  cribriform  plate  to  be  diniribuled  u» 
the  pituitary  membrane  of  the  upper  third  of  the  septum  nasi,  the  upfier 
portion  of  the  root  of  the  nose,  the  superior,  and  a  portion  of  liie  middli 
turbinated  bones.  (Fig.  257.)  The  whole  surface  corresponding  to  the  dii- 
tribuiion  of  the  olfactory  nerve  is  colored  brownish  by  the  pigment  in  l^ 
epithelial  cells  of  the  mucous  glands  and  membrane.  This  pigmenreil  regtoo 
is  ca]le<^l  the  regto  olfactoria,  and  is  the  essential  portion  of  the  nasal  fota 
concerned  in  olfaction. 


Via.  ri?. 


Flc.  257.— Vkktical  Sbction  of  Riout  Na>ai.  Fr«»A, 
BHOwiNQ  OirrER  8ii>E  Of  KotBA.  I,  olfiiclory  lr«cl;  ti, 
olfactory  nerTtiF;  8.  middlo  tarhlnatcd  bone:  4  lower 
turbinated  bone  :  Q,  bmncbea  rrom  the  tlfth  nerve. 
Branches  of  the  fint  are  alao  sbowD  lo  the  anieilor 
portion.    (After  Arsou).) 

Flu.  2.^6.— CcLLfr  OP  TBK  Olvactx>ry  MiTcors  HmtinAKX.    (a,  b,  e,  after  ScBtrms ;  il  r,  /,  aiur 

LOOCHAIIT  CLAKKE.) 

S8l5.  Acconling  to  Schultze,  the  epithelium  of  the  reoio  nlfartoria  'u  of 
two  kinds:  The  first  (Fig.  258,  a)  consists  of  yellow  nucleated  pn)tophurai<* 
cells,  which  have  a  cylindrical  body  terminating  at  its  free  extremity  ua 
squared  truncated  surface;  the  other  extremity  of  the  body  is  stretched  *>ut 
as  a  filamentous  prolongation,  which  expands  into  n  triangualr  plat«  aa  it 
approaches  the  submucous  tissue.  From  the  base  (tf  this  plate  a  Dumber  of 
filaments  are  given  ofl^,  wliich  are  prolonged  into  the  submucous  tissue.  Thf 
second  variety  of  epithelium  cells  (c)  is  found  at  the  borders  of  the  nyit 


otfitctoria.  They  are  similar  to  those  just  described,  excepting  that  their  free 
surface  is  covered  with  cilia.  Between  the  epithelium  cells  the  olfaotorj 
nerves  terminate.  These  terminal  filnments  (6,  ()  are  long,  delicate  struc- 
tures, which  have  a  numberof  fusiform  expansions  along  their  course ;  in  the 
largest  expansion  is  found  au  oval  nucleus.  The  terminal  filaments  are 
calletl  the  oifaciory  celU.  As  yet  no  connection  between  the  subepithelial 
and  iaterepitheiial  nerve-tilameiits  has  been  demonstrated.  The  epithelial 
cells  {ti  and  e)  in  the  above  figure  are  shown  connected  with  the  subepithelial 
tissue.     The  fiflh  nerve  supplies  the  fossse  with  sensory  titaments.] 

§  816.  Odorous  particles  present  in  the  inspire<l  air  passing  through  the 
lovver  uaaal  chambers  diffuse  into  the  up[)er  nasal  chumbers,  and  falling  on 
the  olfactory  epithelium  produce  sensory  impulses  which,  ascending  to  the 
brain,  give  rise  to  sensations  of  smell.  \Ve  may  presume  that  the  sensory 
impulses  are  orignated  by  the  contact  of  the  odorous  particles  with  the  peculiar 
rod-shaped  olfactory  cells  described  by  Max  Schultze  ;  but  we  are  as  much  in 
the  dark  about  thii$  matter  as  about  the  development  of  visual  sensory  impulses 
in  the  rods  and  cones  or  of  auditory  sensory  impulses  in  the  organ  of  Corti- 

The  sub8i<liary  apparatus  of  smell  is  exceedingly  meagre.  By  the  forced 
nasal  inspiration,  called  sniffing,  we  draw  air  m  forcibly  through  the  nostrils 
that  currentj>  pass  up  into  the  upper  as  well  as  the  lower  n»»sai  chambers; 
and  thus  a  more  complete  contact  of  the  rnlorous  particles  with  the  olfactory 
membrane  than  that  supplied  by  mere  diffusion  ivS  provided  for. 

We  have  every  reason  to  think  that  any  stimulus  applied  to  the  olfactory 
nerve  will  produce  the  seut>ation  of  smell;  but  the  proof  of  this  is  not  so 
clear  as  in  the  case  of  the  optic  and  auditory  nervea.  We  are,  however,  sub- 
ject to  sensations  of  smell  not  caused  by  objective  odors.  The  olfactory 
membrane  is  the  only  part  of  the  body  in  which  odors  as  such  can  give  rise 
to  any  sensations;  and  the  sensations  to  which  they  give  rise  are  always 
those  of  smell.  The  mucous  membrane  of  the  nose  is,  however,  also  an 
instrument  for  the  development  of  afferent  impulses  other  than  the  specific 
olfactory  ones.  Chemical  stimulation  of  the  olfactory  membrane  by  pungent 
sul>atances  such  as  ammonia  gives  ri^  to  a  sensation  distinct  from  that  of 
smell,  a  sensation  which  affords  us  no  information  concerning  the  chemical 
nature  of  the  stimulus,  and  which  is  indistinguishable  from  the  sensations 
produce<l  by  chemical  stimulation  of  other  parts  of  the  nasal  membrane  as 
well  BB  of  other  surfaces  equally  sensitive  to  chemical  action.  It  is  probable 
that  these  tw<»  kinds  of  sensations  thus  arising  in  the  olfactory  membrane 
are  cf;nveyed  by  different  nerves,  the  former  by  the  olfactory,  the  latter  by 
the  fiflh  nerve. 

§  817.  For  the  development  of  smell  it  appears  necessary  that  the  odorous 
particles  should  be  conveyed  to  the  nasal  membrane  in  a  g&seous  medium,  or 
at  least  that  the  surface  of  the  membrane  should  not  be  exposed  at  the  same 
time  to  the  action  of  fluids.  Thus,  when  the  nostril  is  filled  with  rose-water, 
the  odor  of  roaes  is  not  perceived;  and  simply  filling  the  nostrils  with  dis- 
tilled water  suspends  for  a  time  all  smell,  the  sense  returning  gradually  after 
the  water  has  l>een  removed;  the  water  apparently  acts  injuriously  on  the 
delicate  olfactory  cells. 

Each  substance  that  we  smell  causes  a  specific  sensation,  and  we  are  not 
only  able  to  recognize  a  multitude  of  distinct  odors,  but  also  to  distinguish 
individual  (xlor?  in  a  mixed  smell. 

As  in  the  previous  senses',  we  project  our  sensation  into  the  external  world; 
the  smell  appears  to  be  not  in  our  nose,  but  somewhere  outside  us.  We  can 
judge  of  the  position  of  the  odor,  however^  even  less  definitely  that  we  can 
of  that  of  a  sound. 
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The  sensation  takes  some  time  to  develop  after  the  contact  of  the  stimului 
with  the  olfactory  membrane,  and  may  last  very  long.  When  the  stimuliH 
is  repeated  the  sensation  very  soon  dies  otit ;  the  sensory  terminal  orgnm 
speedily  become  exhausted.  Mental  associations  cluster  more  strongly  around 
sensations  of  smell  than  around  any  other  impressions  we  receive  from  vrithouL 
And  reflex  efl^ects  are  very  frequeut,  many  people  fainting  in  coD^<{uenre  of 
the  contact  of  a  few  odorous  particles  with  their  olfactory  cells. 

Apparently  the  larger  the  surface  the  more  intense  the  seiiisation ;  nnimslft 
with  acute  scent  having  n  proportionately  large  area  of  olfactory  membrane. 
The  quantity  of  material  required  to  pn»duce  im  olfactory  aensution  may  be. 
as  in  the  case  of  musk,  almost  immeof^urahly  small. 

When  two  different  udors  are  presented  to  the  two  nostriUf  an  uBciHaUao 
of  sensation  simitar  to  that  spoken  of  in  binocular  vision  (p.  937)  tskm 
place. 

1^  618.  The  assertion  that  the  olfactory  nerve  is  the  nerve  of  siuell  has  heea 
disputed.  Cases  have  been  recorded  of  persons  who  api>eared  to  have  pc#- 
sessed  the  sense  of  smell,  and  yet  in  whom  the  olfactory  lobea  were  fouml 
after  death  to  be  absent.  Direct  experiments  on  animals,  however,  show  tlui 
loss  of  the  olfactory  lobes  entails  loss  of  smell.  On  the  other  hand,  it  is  stated 
that  section  or  injury  of  the  fifth  nerve  causes  a  loss  of  swell  though  tiie 
olfactory  nerve  remains  iuiact ;  but  in  these  cases  it  has  not  been  sbi^wn  thi) 
the  olfactory  membrane  remains  intact,  and  it  is  quite  possible  that,  as  iu 
the  case  of  the  eye.  changes  may  take  place  in  the  nasal  membrane  &.«  the 
result  of  the  injury  to  the  fifth  nerve,  sufficient  to  prevent  its  perlbrnjing  i\A 
usual  functions. 

Taste. 
{^Pfiyswlogical  Aixalomy  oftfie  Qustatory  Muwus  Membrane^ 

§  819.  The  peripheral  organs  concerned  iu  the  sense  of  tjiste  are  localized  is 
the  mucous  membniue  covering  the  <lorMum  of  the  tongue,  the  fftuccsi,  Mft 
palate,  nnd  uvula,  and  possibly  a  portion  of  the  upper  part  of  the  pharvui. 
This  membrane  is  analogous  in  structure  to  other  membranes  of  its  type. 
except  on  the  dorsum  of  the  tongue,  where  its  structure  is  similar  to  that  of 
the  integument.  At  this  j>osition  it  consists  of  a  corium,  with  a  jtopiWiry 
and  a  superficial  epitheluU  layer. 


VKRm  AI,  5F»TinN  or  Tlir.  rilHTMVAIXATE  PAriU-K      iFroin  KOLI.iKllt  J 

At  ihe  ptpillic :  B.  the  surruuDdtng  u-a.ll;  a.  ttw*  e|iltlK>lUl  rovvriitu;  6.  l-bo  i)erTc*oribe  fiipllkfti)^ 
wkU  «i>roadlnff  towiprl  ibc  rurflice:  e.  theftocondurT  p«|iinjr.  i%. 

The  structure  of  the  cwium.  is  similar  to  that  of  the  skin,  but  is  thinner 
and  less  compact.  It  serves  as  a  pttinl  of  insertion  of  the  muscular  fihre»  of 
the  tongue. 

§  820.   The  papiU^z  are  thickly  distributed  over  the  whole  dorsal  surface,  but 
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more  particularly  marked  in  the  anterior  two-thirds.  They  project  as  minute 
promiueuc«8,  which  give  the  tongue  a  roughened,  characteristic  appearance. 
The  pftpillie  are  of  two  kinds,  the  «imple  and  fompound.  The  simple  papillse 
are  similur  to  those  found  in  the  skin  ;  they  are  found  scattered  over  the 
whole  dorsal  surface,  between  the  comiM)uud  papilla*.  They  are  most 
numerous  in  the  pcwterior  pfjrtion  of  the  organ.  The  rompouMrt  papilla?  are 
of  three  varieties:  the  papilhe  maxima;  or  ciroumvallatieithe  papillae  mediae 
or  fungiformes,  and  the  pupillie  minimtc  or  Bliformes. 

The  popill(T  circumi\iilat<ip  'J'ig-  259),  which  are  the  largest,  are  about 
eight  or  ten  iu  number  and  form  a  V-shaped  row  at  the  iuuction  of  the 
middle  and  posterior  two-thirds  of  the  tongue.  They  consist  of  a  ceutral, 
broad  papilla,  surrounded  by  an  annular  ring  or  wall  of  about  the  same 
elevation,  and  separated  from  the  centre  papilla  by  a  circular  fissure.  The 
central  papilla,  as  well  as  the  surrounding  wall,  is  covered  by  simple  papiUm. 
Each  of  them  receives  one  or  more  capillary  loo|)s  and  nerve-titaiueuUt. 

The  papilliF.  fungiformes  fFig.  260)  are  found  principally  on  the  tip  and 
sides  of  the  tongue,  although  scattered  sparsely  over  the  whole  of  the  anterior 

Fio.  2rt). 
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SvarAOK  Ativ  Bvctivfi  of  tuk  rt-Koiroiui  Papiluiu    (Fmra  Kolukkk.  uid  kfter  Todd  tad 

BOWMAK.) 

A,  the  iiirfhce  of  a  fboflform  fMpdlU,  partially  denuded  of  lis  epithcltum,  ■^ii ;  a,  epllheUum.  B, 
teeilou  of  a  ftinfiifbnQ  papilla  with  the  bloodvcsKls  Injected ;  a,  artery ;  r,  Tcin  ;  c,  capillary  loops 
of  irirot^e  papUUc  In  the  nclghbarlog  itnictarc  of  the  tongue. 

two-thirds.  These  are  so  name<]  from  their  fungiform  shape,  being  expanded 
at  their  free  extremity  and  projecting  on  a  short,  thick  [ledicle.  They  are 
covered  by  simple  papil1:e,  and  contain  plexuses  of  vessels  and  nerves. 

The  papillcc  fiiifonnef  (Fig.  2C1)  are  by  far  the  most  numemus,  and  are 
found  thickly  distributed  over  the  entire  surfaceof  the  anterior  two-thirds  of 
the  tongue.  They  are  minute,  conical  in  shape,  and  generally  arranged  Id 
bipenniform  rows,  which  are  more  or  less  parallel  with  the  two  rows  of 

piljje  circumvallatse.     Their  free  surface  is  covered  with  simple  papillae. 

he  epithelium  covering  them  is  greatly  modified,  and  apf>ears  in  the  form 
of  hair-like  processes.  (Fig-  ^61.)  These  pmcesses  are  bathed  in  mucus, 
are  movable,  and  have  a  general  inclination  pointing  backward.  The  exist- 
ence of  these  hair-like  processes  on  the  iiliform  papilla?  suggests  that  this 
variety  of  papilla:  is  intimately  connected  with  the  tactile  Bensibility  uf  the 
tongue,  and  not  with  gustation.  In  oamivora  and  herbivora  these  proceasea 
are  of  a  horny  structure,  and  perform  an  active  function  in  the  attrition  and 
prehension  of  foo<I.  In  man  their  special  function  appears  through  their 
intimate  connection  with  the  tactile  sense,  to  guide  the  tongue  in  iu  variable 
and  complicated  movements. 

§  821.  The  ultimate  termiuations  of  the  gustatory  nerves  are  yet  enveloped 
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ill  obscurity.     According  to  EngelroRnn,  the  g1n68cvpb«rynMd 
DHtv  in  fliisk-ehaped  or^n«.  which  are  termed  the  >3tt*t'iiory  huBM  or 
(Fig,  262,j    These  bull»d  are  ibuud  priDcipiklly  in  the  iMtpillary 


rio.  2(1. 


a     L     A    '•        J 
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llnm  :  /,  lMir>Ulu  pnin— ■  \>S  •{MUittlium  ok|»|4tu|  li»«  ilupM  >f<llii.  iMcnlflafl  ] 
wr>Tmi''>lniif*if  »gilfmff^plwof»pitlwnpoi«macntlWdlootflwnlMi  l,l;feAltta«a 
4^r  I :  >     i>  of  tuLlr  Uk«  eplthrUaJ  imwi^vn,  •howloy  vmitaUv  l« 
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fttolt  imtr,  QMcuiuoa  imMiiaiaaionu    t After l^Uffi and  Bowwak.) 
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the  wall  of  the  circum vallate  papillae.  They  are  also  found  in  tlie  fungiform 
papilln?,  but  are  less  nunjf^rotiH.  They  cunsiat  of  a  flauk-ehapeil  ftiadue,  which 
rests  upon  the  Bul>opitbelial  iisAiie,  and  a  mouth  which  opeuft  upon  the  surface 
of  the  mucous  membrane.  The  mouth  is  known  as  the  (/ustatorif  pore.  The 
fiindus  of  the  tla^k  is  corapotscd  of  two  varieties  of  cells ;  the  outer  or 
investinr;  ceU^  are  fusiform,  nucleated,  and  granular,  place<l  parallel  and 
arranged  concentrically  in  a  direction  from  the  base  to  the  neck  ;  they  thus 
form  a  wall  which  encloses  elongated  nucleated  cells  with  filamentf)us  pro- 
oeases,  which  extend  through  the  gustatory  (>ore  and  project  as  very  finely- 
pointed  or  truncated  extremities.  Thof^e  inner  cells  are  called  the  ^juMatnry 
eelle,  and  are  supposed  to  be  the  essential  terminal  elements  concerned  iu 
eiistatiou.  Their  relation  to  the  gustatory  nerves  has  not  aa  yet  been  clearly 
aemouslrate<],  but  they  arc  evidently  connected  with  the  ganglionic  plexuses 
of  nerve-fibres  at  the  papillary  bu&es.  The  gustatory  nerves  are  also  sup- 
posed to  terminate  in  the  epitholiura  of  the  papillte.] 

§  822.  The  word  taste  is  frequently  used  when  the  word  smell  ought  to  be 
employed.  We  speak  of  *'  lasting  "  odoriferous  suUstancea,  such  as  an  onion, 
wines,  etc.,  when  in  reality  we  only  smell  them  as  we  hold  them  in  our 
mouth  ;  this  is  proved  by  the  fact  that  the  ao-ralled  taate  of  these  things 
ia  lost  when  the  nose  is  held,  or  the  nasal  membrane  rendered  inert  by  a 
catarrh. 

The  terminal  organs  of  the  sense  of  taste  thus  more  strictly  defined  are 
the  ending?  of  the  gloeso-pharyngeal  and  Ungual  nerves  in  the  mucous  mem- 
brane t>f  the  tongue  and  palate,  those  nerves  serving  aa  the  special  nerves 
of  taste.  Whether  the  so-called  gustatory  buds  can  be  regarded  as  specific 
organs  of  taste  appears  doubtful.  The  subnidiary  apparatus  is  confined  to 
the  tongue  and  lips,  which  by  their  raovementa  assifit  in  bringing  the  sapid 
substances  into  contact  with  the  mucous  membrane  of  the  mouth. 

Though  we  can  hardly  be  said  to  prtiject  our  sensation  of  taste  into  the 
external  world,  we  nssigo  to  it  no  subjective  hwalization.  When  we  place 
quinine  in  our  mouth,  the  resulting  sensation  of  taste  gives  us  no  information 
as  to  where  the  quinine  is,  though  we  may  learn  that  by  concomitant  general 
seDsations  aritiing  in  the  buccal  mucous  membrane. 

§  823.  We  recognize  a  multitude  of  distinct  tastes,  which  may  be  broadly 
classified  into  aci<], saline,  bitter,  and  sweet  tastes.     Sapid  substances  have  the 

g>wer  of  producing  these  sensations  by  virtue  of  their  chemical  nature, 
ut  other  stimuli  will  also  give  rise  to  sensations  of  taste.  When  the  tongue 
is  tapped,  a  taste  is  felt ;  and  when  a  constant  current  is  passeil  through  the 
mouth,  an  alkaline  or,  in  some  persona,  a  bitter  metallic  taste  is  developed 
when  the  anode,  and  an  acid  taste  when  the  kathode,  is  place<]  on  the  tongue. 
It  is  probable  that  in  these  cases  the  terminal  organs  are  indirectly  affected 
by  the  current.  When  hot  or  pungent  substances  are  introduced  into  the 
mouth,  sensations  of  general  feeling  are  excited,  which  obscure  any  strictly 
gustatory  sen^tions  which  may  be  present  at  the  same  time. 

Though  analogy  would  lead  us  to  suppose  that  a  stimulus  applied  to  any 
part  of  the  course  of  the  real  gustatory  fibres  of  either  the  glossopharyngeal 
or  lingual  nerves  would  give  rise  to  a  sensation  of  taste  and  nothing  else, 
the  pro4>f  is  not  forthcoming ;  since  both  the^e  uervea  ore  mixed  nerves  con- 
taining other  afferent  fibres  as  well  as  those  of  taste. 

When  the  constant  current  is  used  as  a  means  of  exciting  taste,  gustatory 
sensations  are  found  U>  be  developeti  in  the  back,  edges,  and  tip  of  the 
tongue,  the  eofl  palate,  the  anterior  pillar  of  the  fauces,  and  a  small  tract 
of  the  pcjsterior  part  of  the  hard  palate.  They  are  absent  from  the  anterior 
and  middle  dorsal,  and  under  surface  (»f  the  tongue,  the  front  portion  of  the 
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bard  palate,  the  posterior  pillars  of  the  fauces,  the  guma,  and  the  ti| 
Sapid  substances  are  unsuitable  as  a  test  for  this  purpose,  on  acooutit  of  their 
rapid  difiusion.  Bitter  substances  produce  most  effect  when  placed  oa  the 
back  of,  and  sweet  subalances  when  placed  on  the  tip  of,  the  tungue ;  but  ihe 
tasting  power  of  the  tip  of  the  tongue  varies  very  much  in  different  indi- 
viduals, and  in  many  seems  almost  entirely  absent.  It  is  said  that  acids  ara 
beat  appreciated  by  the  edge  of  the  tongue.  ^ 

§  B24.  It  is  essential  for  the  development  of  taste  that  the  subetance  toV 
tiiated  should  he  dissolval,  and  the  etlect  is  increaee*!  by  friction.  The  larger 
the  surface  the  more  intense  thesen&ation.  The  sensation  takes  some  time  to 
develop,  aud  endures  for  a  long  time,  though  this  may  be  in  (>art  due  to  the 
stimulus  remaining  in  contact  with  the  terminal  organs.  A  lemperaturftj 
about  40°  is  the  one  moat  favorable  for  the  production  of  the  sensation, 
temperatures  much  above  or  below  this,  taste  is  much  impaired.  The  tu 
of  taste  are,  as  we  have  said,  the  glo^o-pharyngeal  and  the  lingual  or 
tatory.  The  former  supplier  the  back  of  the  tongue,  and  section 
destroys  taste  in  that  region.  The  latter  is  distributed  to  the  front  of 
tongue,  and  section  of  it  simitarly  deprives  the  tip  of  the  tongue  of 
There  is  no  rea.Hon  for  doubting  that  the  gustatory  fibres  in  the  gh 
pharyngeal  are  projKjr  fibres  of  that  nerve;  but  it  has  been  urged  by  manT 
that  the  gustatory  fibres  of  the  lingual  are  derived  from  the  chorda  tyrajuuii. 
and  that  those  fibres  of  the  lingual  which  come  from  the  fifth  are  employtil 
exclusively  in  the  sensations  of  touch  aud  feeling ;  the  evidence  in 
this  view  is,  however,  inconclusive. 


CHAPTER  V 


FEELING  AND  TOUCH. 


General  Sensibiuty  and  Tactile  Perobptionb. 


$  825.  We  have  t&ken  the  foregoing  senses  first  in  the  order  of  iliscussioD 
on  account  of  their  being  eminently  specific.  The  eye  gi\^es  us  only  visual 
seDsatione,  the  ear  only  auditory  sensations.  The  senwitions  are  pnxluced  in 
each  case  by  speciBc  stimuli ;  the  eye  is  only  alfecteil  by  light  and  the  ear 
only  by  sound.  Moreover,  the  information  they  afford  ns  is  confined  to  the 
external  world  ;  they  tell  us  nothing  about  ourselves.  The  various  visual 
sensations  which  ari»e  in  our  retina  are  referred  by  us  not  to  the  retina  itself, 
but  to  8<ime  real  <tr  itnnj^inary  object  in  the  world  without  (including  as  j^art 
of  the  external  world  such  portions  of  our  own  bodies  as  are  visible  to  our- 
selves). Such,  also,  with  iJiminisbiDg  precision  is  tbe  inforinatiou  gained  by 
hearing,  taste,  and  smell. 

All  the  otlier  afierent  nerves  of  the  body,  centripetal  impulses  along  which 
are  able  to  nflect  our  consciousness,  are  the  means  of  conveying  to  us  in- 
formation concerning  ourselves.  The  sensations,  arising  in  them  from  the 
action  of  various  stimuli,  are  referred  by  us  to  apprr>priate  parte  of  our 
own  body.  When  any  body  comes  in  contact  with  our  finger,  we  know  that 
it  is  our  finger  which  has  been  touched  ;  from  the  resultant  sensation  we  not 
only  learn  the  existence  of  certain  qualities  in  the  object  touched,  but  we 
al^  are  led  to  connect  the  cogui/.ance  of  these  qualities  with  a  particular 
part  of  our  own  body. 

^  B26.  Like  the  more  specific  sennea  previously  studied,  the  sensations  of 
which  we  are  now  s{)eaking.  an<l  which  may  be  referred  to  under  the  name  of 
touch,  using  that  word  for  the  present  in  a  wide  meaning,  ret|uire  for  their 
production  terminal  organs;  and  the  chief  but  not  exclusive  organ  of  touch 
18  to  be  found  in  the  epidermis  of  the  skin  and  certain  underlying  nervous 
structures.  For  the  development  of  specific  tactile  sensations  these  terminal 
organs  are  ua  I'sscntial  as  arc  the  terminal  organn  of  the  eye  for  sight  or  of 
the  ear  for  hearing.  Contact  of  the  skin  with  a  hard  nr  with  a  hot  bmly 
gives  rife  to  a  distinct  sensation,  whereby  we  recogni/.e  that  we  have  touched 
a  hard  or  a  hot  body.  But  the  application  of  either  hofiy  or  of  any  other 
stimulus  to  a  nerve-trunk  gives  rise  to  a  sensation  ot  general  ffcHnrj  only, 
corre9[K>nding  to  the  simple  sen.sation  of  light  which  is  produced  by  direct 
stimulation  of  the  i>ptic  nerve.  We  have  no  more  tartHe  jitrcrpiion  of  a 
bmiy  which  is  in  contact  with  a  nerve-trunk  than  we  could  have  vmml  prr- 
eeptum  of  any  luminous  object,  the  rays  priiceeding  from  which  were  strong 
enough  to  excite  sensory  impulses  when  directed  on  to  the  optic  nerve  in- 
stead of  on  to  the  retina,  supposing  such  a  thing  to  be  possible.  It  is  further 
characteristic  of  these  ordinary  nerves  of  general  feeling,  that  the  sensations 
cauHid  by  any  stimulation  of  them  beyond  a  certain  degree  develop  that 
stHte  of  consciousness  which  we  arc  in  the  hnbit  of  speaking  of  as  "  pain.** 
Putting  aside  the  general  feeling  which  manv  parts  of  the  eye  possess,  a 
very  stnmg  luminous  stimulation  of  the  retma  h  required  to  produce  a 
sensation  of  pain,  if  indeed  it  can  be  at  all  brought  about;  whereas  a  very 
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moderate  stimulation  of  the  skin,  and  almoet  every  Btimulation  of  an  ordi- 
narj'  nerve-trunk,  ia  said  by  us  to  be  painful. 

Though  the  ekin  ia  the  chief  urgun  of  touch,  the  mucoua  membrane  lining 
the  various  passages  of  the  bmiy  also  serves  aa  an  instrument  for  the  same 
sense,  but  only  for  a  short  distance  from  the  respective  orifices.  We  can 
recognize  hard  or  hot  bodies  with  our  lips  or  mouth,  but  a  hot  liquid,  when 
it  has  reached  the  oesophagus  or  slomacn,  simply  gives  rise  to  a  sensation  of 
pain ;  we  cannot  distinguish  the  sensation  caused  by  it  from  the  sensatioD 
causeil  by  a  draught  of  a  too  acid  fluid. 

From  partes  and  tissues  of  the  body  other  than  the  skin  and  the  portiotu 
of  mucoua  membrane  just  mentioned  we  have  obscure  sensationa  of  general 
feeling,  by  which  we  are  made  vaguely  aware  of  the  general  condition  of 
our  botiy,  though  our  judgments  in  this  matter  are  chiefly  ioflueueed  by  whit 
wa  shall  have  to  speak  of  directly  as  a  muscular  sense.  In  all  parts  of  the 
body,  however,  on  occasions  all  too  frequent,  this  general  feeling  may  become 
prominent  ai^  pain. 

§  827.  The  stimuli  which,  when  applied  to  the  skin,  give  rise  to  tactile 
perceptions  are  of  two  kinds  only:  (1)  mechanical,  that  is,  the  contact  of 
Dodies  exerting  varying  degrees  of  pressure;  and  (2)  thermal,  i.  e.,  the  rais- 
ing or  lowering  of  the  temperature  of  the  skin  by  the  approach  or  contact 
of  hot  or  cold  bodies.  We  can  judge  of  the  weight  and  of  the  tempermtnra 
of  a  body,  because  we  can,  through  touch,  perceive  how  much  it  presses 
when  allowed  to  rest  on  uur  skin  or  how  hot  it  is.  But  we  can  through 
touch  derive  no  other  perceptions  and  form  no  other  judgments.  An  electric 
shock  sent  through  the  skin  will  give  rise  to  a  sensation,  but  the  sensation  ii 
an  indetinite  one,  because  the  electric  current  acta  not  on  the  terminal  organs 
of  touch,  but  on  the  flne  nerve-brauches  of  the  skin.  We  canui>t  dL^tinguisli 
the  sensation  so  caused  from  a  mechanical  prick  of  similar  intensity,  we 
cannot  perceive  that  the  sensation  is  caused  by  an  electric  current,  i^i^li• 
larly  certain  chemical  substances,  such  as  a  strong  acid,  will  give  rise  to  i 
sensation,  hut  we  cannot  perceive  the  acid,  we  can  form  no  judgment  of  iti 
nature  such  as  we  could  if  we  tasted  it ;  and  if  the  acid  does  nut  permeate 
the  skin  so  as  to  act  directly  and  chemically  on  the  fine  nerve-nbree,  w« 
cannot  distinguish  the  acid  from  any  other  liquid  giving  rise  to  tho  sanw 
simple  contact  impressions.  The  terminal  organs  of  the  skin  are  such  as 
are  only  affected  by  pressure  or  by  temperature.  Conversely,  pressure  or  t 
variation  in  temperature  brought  to  bear  on  a  nerve-trunk,  instead  of  on  the 
terminal  organs,  protluces  no  M|)ecific  tactile  sensations  of  pretwure  or  temper- 
ature, but  merely  general  sensations  of  feeling  rapidly  rising  into  pain. 

Tactile  Sei^sations. 


SeMotiotu  of  Pfettsure. 

§  828.  As  with  visual, so  with  tactile,  and,  indeed,  with  all  other  sensatioVi 
the  intensity  of  the  sensation  maintains  that  general  relation  to  the  inteoutT 
of  the  stimulus  which  we  spoke  of  at  p.  i*l7  as  being  formulated  under 
Weber's  law.  We  can  distinguish  the  difference  of  pressure  between  one 
and  two  grammes  aa  readily  as  we  can  that  between  tea  and  twenty  or  uoe 
hundred  and  two  hundred. 

When  two  sensations  follow  each  other  in  the  same  spot  at  a  sufficiently 
short  interval,  they  are  fused  into  one;  thus,  if  the  finger  be  bn>ught  to  bear 
lightly  on  a  rotating  card  having  a  series  of  holes  in  it,  the  holes  cense  to  be 
felt  aa  such  when  tliey  follow  each  other  at  a  rapidity  of  about  1501)  in  a 
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aeoond.  The  vibrationa  of  a  cord  cease  to  be  appreciable  by  touch  when 
ihej  reach  the  same  raptditv.  When  sensations  are  generated  at  points  of 
the  skin  too  close  together  they  become  fuse<i  into  one;  but  to  this  point  we 
shall  return  presently. 

ij  829.  The  sensation  caused  by  pressure  is  at  its  raaximnm  soon  aA«r  \tt 
beginning,  and  thenceforward  diminishes.  The  more  suddenly  the  pressure 
is  increased,  the  greater  the  sensation;  aud  if  the  increase  be  sufficiently 
gradual,  even  very  great  pressure  may  be  applied  without  giving  rise  to  any 
sensation.  A  sensation  in  any  spot  is  increased  by  contrast  when  the  sur- 
rounding areas  are  not  subject  to  pressure.  Thus,  if  the  finger  be  dipped 
into  mercury,  the  pressure  will  be  felt  most  at  the  surface  of  the  fluid ;  and 
if  the  finger  be  drawn  up  and  down,  the  sensation  caused  will  be  that  of  a 
ring  moving  along  the  finger. 

AH  part£  of  the  skin  are  not  equally  sensitive  to  pressure;  ^mail  differ- 
ences of  simple  pressure  are  more  readily  appreciated  when  brought  to  bear 
on  the  palmar  surface  of  the  finger,  or  on  the  forehead,  than  on  the  arm  or 
UD  the  sole  of  the  foot.  In  making  these  determinations,  all  muscular  move- 
menta  should  be  avoided  in  order  to  eliminate  the  muscular  sense,  of  which 
we  shall  speak  presently ;  and  the  area  stimulated  should  be  as  small  and 
the  surfaces  in  contact  as  uniform  as  possible.  In  a  similar  manner,  small, 
consecutive  variations  of  pressure,  as  m  counting  a  pulse,  are  more  readily 
appreciated  by  certain  parts  of  the  skiu  than  by  others;  and  the  minimum 
of  pressure  which  can  be  felt  differs  in  ilitferent  parts.  In  all  cases,  varia- 
tions of  pressure  are  more  easily  distinguished  when  they  are  successive  than 
when  they  are  simultaneous. 


Sensalions  of  Temperature. 

§  830.  When  the  temperature  of  the  skin  is  raised  or  lowered  in  any  spot, 
we  receive  sensations  of  heat  aud  cold  respectively;  and  by  these  sensations 
of  the  temperature  of  our  own  skin,  we  form  judgments  of  the  temperature 
of  bodies  in  contact  with  it.  Bofliee  of  exactly  the  same  temperature  as  the 
region  of  the  skin  to  which  they  are  applied  produce  so  such  thermal  sensa- 
tions, though  we  can.  from  the  very  absence  of  sensation,  form  a  judgment  as 
to  their  teni)>erature;  and  good  conductors  of  heat  appear  rcs(»ectively  hotter 
and  colder  than  bad  conductors  raised  to  the  same  lenii>erature. 

>}  831.  We  may  consider  the  skin  as  having  at  any  given  time  and  in  any 
given  Bpot  a  normal  temperature  at  which  the  sensation  of  temperature  is  at 
lero;  for  under  ordinary  circumstances  we  are  not  directly  conscious  of  the 
temf>erature  uf  our  skin  ;  it  is  ouly  when  the  normal  temperature  at  the  spot 
is  raised  or  lowered  that  we  have  a  sensation  of  heat  or  cold  respectively. 
This  normal  temperature  may  be  at  the  same  time  different  in  diflerent  parts 
of  the  body;  thus,  at  a  time  when  neither  the  forehead  nor  the  hand  are 
giving  rise  to  any  sensation  of  temperature,  we  may,  by  putting  the  hand  to 
the  forehead,  frequently  feel  the  former  hot  or  cold  because  the  normal  tem- 
peratures of  the  two  [iart«  difier.  The  normal  temperature  in  any  spot  may 
also  vary  from  time  to  time.  Thus,  when  the  hand  is  placed  in  a  warm 
meilium  for  some  time,  the  sensation  of  warmth  ceases;  a  new  normal  tem- 
perature is  established  with  the  zero  of  sensation  at  a  higher  level,  a  depres- 
aion  or  elevation  of  this  new  temperature  giving  rise,  however,  as  before,  to 
sensations  of  heal  and  coKI  re8[>ectively.  That  it  is  the  changed  condition, 
and  not  the  change  itself,  of  which  we  are  conscious,  is  shown  by  the  fact 
that  when  a  portion  of  the  skin  is  cooled,  by  brief  contact  with  a  cold  metal, 
for  instance,  we  are  still  conscious  of  the  spot  being  cold  afler  the  coolinj 
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agent  haa  been  removed — that  is,  tit  a  time  when  the  cooled  spot  b  in  reality 
being  heated  by  the  surrounding  wanner  tissues. 

§832.  The  change  in  temperature  of  the  skin  neoeesary  to  produce  aseo- 
sation  must  have  a  certain  rapidity ;  and  the  more  gradual  the  change  the 
ieee  intense  the  senaation.  The  repeated  dipping  of  the  hand  into  hot  water 
pnjduces  a  greater  sensation  than  when  the  hand  is  allowe*i  to  remain  all 
the  time  in  the  water,  though  in  the  latter  case  the  temperature  of  the  ^kio 
is  most  affected.  The  eftecLs  of  cuatrut  are  also  seen  iu  these  aeoBations  as 
in  those  of  pressure. 

We  can  with  some  accuracy  distinguish  variations  of  temperature,  espe- 
cially tha-H*  lyiitg  near  the  normal  temperature  of  theskin.  Theae  sensatrnns, 
in  fact,  follow  Weber's  law,  though  apparently  sensations  of  slight  cold  are 
more  vivid  than  those  of  slight  heal,  the  range  of  most  accurate  sensatiao 
aeeming  to  lie  between  27'^  and  38^. 

The  regions  uf  the  skin  most  sensitive  to  variations  in  temperature  are  not 
identical  with  those  most  sensitive  to  variations  in  pressure.  Thus  the  cheeks, 
eyelids,  temples  and  lips  are  more  sensitive  than  the  hands.  The  least  seo<i- 
tive  parts  are  the  legs,  and  front  and  back  of  the  trunk. 

§  833.  The  simplest  view  which  can  be  taken  with  regard  to  the  distinciioo 
between  pressure  sensations  and  temperature  sensations,  and  which  is  sug- 
gested by  the  facts  just  mentioned,  is  to  suppose  that  two  distinct  kindj  of 
terminal  organs  exist  in  the  skin,  one  of  which  is  affected  ouly  by  prewurt, 
and  the  other  only  by  variations  in  tenifjeruture  ;  and  that  the  two  kinds  uf 
j)eriphGral  organs  are  connected!  with  different  parts  of  the  central  rsensnry 
organs  by  separate  nerve-fibres.  Certain  pathological  cases  have  heen 
quoted  as  showing  not  only  that  this  is  the  case,  but  that  the  two  sets  of 
hbres  pursue  different  courses  in  the  spinal  cird.  Thus  in  certain  diseasei 
or  injuries"  to  the  brain  or  spinal  cord,  hypera'athesia  as  regards  temfieratare 
has  been  observed  unaccompanied  by  an  augmentation  of  sensitiveneM  to 
pressure ;  and,  conversely,  instances  have  been  seen  where  the  patient  couM 
tell  when  he  was  touched,  but  could  not  distinguish  between  not  and  cold. 
On  the  other  hand,  there  are  facts  which  show  a  close  def>endeoce  between 
the  sensations  of  pressure  and  temperature.  When  each  stimulus  is  brought 
to  bear  on  a  very  limited  area,  the  two  sensations  are  fre«]uently  confounded, 
especially  in  those  regions  of  the  boily  where  sensations  are  not  acute.  tH>. 
alio,  a  penny  cooled  down  nearly  to  zero,  and  placed  on  the  forehead,  will 
be  judged  by  most  people  to  l)e  as  heavy  or  even  heavier  than  two  penni« 
of  the  temperature  of  the  forehead  itself;  and,  conversely,  n  btxiy  warmer 
than  the  skin  will  often  appear  heavier  than  a  body  of  the  same  weight,  but 
of  the  same  teni|>erature  as  the  skin.  Moreover,  cases  have  been  recorded 
where  a  hot  body,  such  as  a  heated  sptwn,  was  felt,  though  the  application  of 
the  same  spoon  at  the  temj^erature  of  the  body  produced  no  eensalionp,  and 
yet  the  heated  spoon  was  not  recognized  as  a  hot  body,  hut  appeared  to  be 
simply  something  touching  the  skin.  It  may  be  argued  that  these  instance* 
show  nothing  mure  than  the  changes  in  the  skin,  whatever  they  be.  which 
give  rise  to  sensations  of  pres,?ure,  are  modified  by  the  temperature  of  tbe 
akin  for  the  time  being,  whereby  the  judgment  as  to  the  pressure  which  a 
being  exerted  is  rendered  faulty;  but  they  may  also  be  taken  to  indicate 
that  variations  in  pressure  and  temperature  affect  the  same  terminal  organs, 
and  the  same  uerve-tibres,  though  affecting  them  in  a  different  way,  and 
generating  nervous  impulses  so  far  different  that  they  give  rise  tu  dijffeil|H 
sensations.  And  we  may  here  note  that  we  certainly  cannot  speak  of  oesl^l 
of  warmth  in  the  same  sense  in  which  we  speak  of  nerves  of  aight  or  oi 
hearing.  A  stimulus  (of  whatever  kind)  applied  to  an  optic  or  aaditnrt 
nerve,  if  ad'^       *^  givea  rise,  as  we  have  seen,  to  a  sensation  of  light  or  of 
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sound;  a  stimulus,  on  the  other  hnni),  applied  to  the  trunk  of  a  cutaneous 
nerve,  gives  rise  only  to  general  feeling  or  pain  ;  though  the  nerve  certainly 
contains  fibres  by  which  Beusationi^  of  pressure  and  of  temperature  reaeh  the 
brain,  the  general  feeling  which  stimulation  of  the  trunk  causes  is  akin 
neither  to  sensations  of  pressure  nor  to  those  of  warmth. 

*i  834.  The  rapidity  with  which  hot  or  cold  bodies  brought  into  contact  with 
the  skin  give  nse  to  sensations  of  temperature,  suggests  that  the  terminal 
apparatus  for  geueratinj?  these  sensations,  whatever  he  its  uature,  is  placed  iu 
the  epidermis,  and  indee*!  as  nearas  p*>e3ible  to  the  surface.  Pressure,  on  the 
other  hand,  can  be  readily  transmitted  throu;:jh  even  a  thick  layer  of  skin. 
And  those  who  maintain  the  pxi.stence  of  di(ft*rpnt  terminal  organs  for  pres- 
sure and  temperature,  regard  the  uerve-endin^rj  in  the  epidermis  as  the  latter, 
and  the  corpuscula  taetus,  eudbulba,  and  allictl  organs  as  the  former.  But 
the  evidence  we  poaseee  concerning  this  matter  is  at  present  inconclusive. 


Tactilb  Perceptions  and  Judgment^*. 

li  836.  When  a  body  presses  on  any  part  of  our  skin,  or  when  the  tempera- 
ture of  the  skin  nt  that  sirat  is  raised,  we  are  not  only  conscious  of  pressure 
or  of  heat,  but  j^rceive  that  a  parriculnr  part  of  onr  body  has  been  touched 
or  heated.  We  refer  the  sensations  to  thuir  place  of  origin,  and  we  thus  by 
Uuich  t>erccive  the  relatit)ns  to  oun*c?lvc»  of  the  body  which  gives  rise  to  the 
tactile  sensations,  in  the  same  way  as  in  our  visual  perception  of  external 
objects  we  refer  to  external  nature  the  sensations  originating  in  certain  parts 
of  the  retina.  When  we  are  touched  on  the  finger  and  on  the  back  we  refer 
the  sensations  to  the  finger  and  to  the  back  respectively,  and  when  we  are 
touched  at  two  places  on  the  same  finger  at  the  same  time  we  refer  the  sen- 
sations to  two  points  of  the  finger.  In  this  way  we  C4in  localize  our  i»en»a- 
tions,  and  are  thus  assisted  in  perceiving  the  space  relations  of  objects  with 
which  we  come  in  contact. 

$836,  This  power  of  localizing  pressure  sensations  varies  iu  different  parts 
of  the  body.  The  following  table,  from  Weber,  gives  the  distance  at  which 
two  points  of  a  pair  of  compasses  must  be  held  apart,  so  that  when  the  two 
points  arc  in  contact  with  the  skin  the  two  consequent  sensations  can  be 
localized  with  sufficient  accuracy  to  be  referred  to  two  points  of  the  body,  and 
not  confounded  together  as  one  : 

Tip  of  totiKue 1.1  ram. 

Palm  of  la^t  phalanx  of  fioger 22    ^* 

Palm  of  aecond  "              '' 4.4     " 

Tipofoose .  6.6     " 

White  part  of  lips .88*' 

Back  or  second  phalanx  of  finger 1 1.1     *' 

Skin  orcr  malar  bone 15  4" 

Back  of  hand 298    *' 

Forearm     ......  39.0     " 

iSternum .  44.0    ** 

Back 6C0     ** 

And  an  analogous  distribution  has  been  observed  in  reference  to  the  locali- 
sation of  sensations  of  temperature.  As  a  general  rule,  it  may  be  said  that 
the  more  mobile  parts  are  those  by  which  we  can  thus  discrimiuate  sensations 
most  readily.  The  lighter  the  pressure  use<l  to  give  rise  to  the  sensations, 
the  more  easily  ai-e  two  sensations  di.Hinguished  ;  thus  two  points  which,  when 
touching  the  skin  lightly,  appear  as  two,  may,  when  firmly  presstnl,  give  rise 
to  one  sensation  onlv.    The  distinction  between  the  setisations  is  obscured  by 
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neighboriug  seiii^atious  arittiiig  at  the  same  time.  Thus,  two  points  lirotigKl 
to  Dear  within  u  ring  of  heavy  metal  pressing  on  the  skin,  are  remlily  con- 
fused into  one.  And  it  need  hardly  be  said  that  these  tactile  perceptions, 
like  all  other  perceptioue,  are  immensely  increased  by  exerctae. 

^  837.  Our  '*  tield  of  touch,"  if  we  may  be  allowed  the  expreseion.  is  oom- 
poeed  of  tactile  areas  or  units,  in  the  Bame  way  that  our  field  of  visioo  i« 
compoKod  of  visual  areas  or  units.  The  tactile  sensation  is,  like  the  vimat 
sensation,  a  symbol  to  us  of  some  external  event,  and  we  refer  the  8eDsatio& 
to  its  appropriate  place  iu  the  field  of  touch.  All  that  has  beeu  said  (p. 
917)  concerning  the  subjective  nature  of  the  limits  of  visual  areas,  applies 
equally  well,  mutatis  m«ta/iJi>,  to  tactile  areas.  NVhen  two  points  of  the 
compasses  are  felt  as  two  distinct  sensations,  it  is  not  neceasary  that  two.  and 
only  two,  nerve-fibres  should  be  stimulated ;  all  that  is  Deceasarr  is  tliat  tbe 
two  cerebral  sensation- areas  should  not  be  too  completely  fused 
The  improvement  by  exercise  of  the  sense  of  touch  must  be  explained 
by  an  increased  development  of  the  terminal  organs,  not  by  a 
new  nerve-fibres  in  the  skin,  but  by  a  more  exact  limitation  of  t 
tioual  areas  in  the  brain,  by  the  development  of  a  resistance  which  limits 
mdiatiun  taking  place  from  the  centres  of  the  several  areas. 

^  638.  By  a  multitude  of  simultaneous  and  consecutive  tactile 
thus  converted  into  perceptions  we  are  able  to  make  ourselves  ao({DaiDted 
with  the  form  of  external  objects.  We  can  tell  by  variations  of  pfesniv 
whether  a  surface  is  rough  or  smooth,  plane  or  curved,  what  vanatioos  d 
surface  a  body  presents,  and  how  tar  it  is  heavy  or  light ;  and  from  the  in- 
formation thus  gained  we  build  up  judgme-nts  as  to  the  form  and  natoieof 
objects,  judgments,  however,  which  are  most  intimately  bound  up  with  visoil 
judgments,  the  knowledge  derived  by  one  sense  correcting  and  inmyliilin 
that  obtaineil  by  the  other.  As  in  otber  seniMS.  so  in  ibis,  oar  mam 
may  mislead  us  and  cause  us  to  form  erroneous  jndgmenta.  llsis  is  well 
trated  by  the  so-called  experiment  of  Aristotle.  It  is  impoesible  in  an 
nary  poeilion  ol  the  fingers  to  bring  the  radial  side  of  the  middle  finger 
the  ulnar  side  of  the  ring  finger  to  bear  at  the  same  time  on  a  small  v^ 
such  a&  a  marble.  Hence,  wnen  with  the  eyes  shut  we  cross  ooe  finger 
the  other,  and  plsce  a  marble  between  them  so  that  it  toncfaea  the  mdisl 
of  the  one  and  the  ulnar  side  of  the  other,  we  recognize  that  ibe  Mtd  ■ 
such  as  could  not  under  or\linary  conditions  be  touched  at  the  aaac  taaebf 
these  two  portions  of  our  skin,  and  therefore  judge  that  we  are  loochb^  Mt 
one  but  two  marhlesL  Upon  repetition,  however,  we  are  able  to  eomti  ssr 
judgment,  and  the  illusion  diasppears. 

^  838,  Distinct  tactile  sensations  are,  as  we  hare  SMS,  prodooed  oair  wte 
a  stimulus  is  applied  to  a  terminal  organ.  When  smaatKw  or  ftfiwBoosaf 
■eneral  seosibiUty  other  than  the  distinct  tactile  si  nMliuas  m  det«la|Bifl 
the  tcffWBatkn  of  a  nerve,  we  are  still  able,  thoarii  with  leas  ^^rrTtJtTK** 
ivfer  the  sensation  to  a  panicelar  part  of  the  body.  Hhbs,  wfacn  we  tn 
pricked  or  buincd.  we  can  leel  where  the  prick  or  borw  is.  Whca  a  mmbit 
MrrMiwnk  is  stiMttlated.  the  sfMfiiMi  is  always  itHjitd  to  the  peraihav 
tfcgfiiiatiow  of  tfce aarre^  Thne  a  blow  oe  tlkealnarMTve  at  thcdbovii 
Mi  aa  a  Uagliaf  in  the  little  end  ring  fingcfe  cnrTsspenfin^  lo  tbe  fiflribs- 
tkn  of  the  nerve,  end  iiinwiiiiu  aleited  in  the  tfnnp  U  en  snuwienjil  lii^ 
aie  leferred  to  ihe  eheent  member.  When  eold  is  emdied  to  tW  elhev  it  • 
Ml  ee  cold  in  the  don  of  the  elbow;  bet  a  eoolh^  off  the  ulnar  nerve  tf  Ah 
■Kit,  snce  sttmaktion  of  a  aerre^tnink  Ktves  lise  to  atiaal  uniiiiiii  tnlf 
■nplr  gires  tise  to  pein  which  is  icfciiaJ  to  the  uner  aide  «f  ths  ktfi 
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The  Muscular  Sense. 

§  840.  When  we  come  into  contact  with  external  bodies  we  are  conHcious 
not  only  of  the  pressure  exerted  by  the  object  on  our  skin,  but  also  of  the 
pressure  which  we  exert  on  the  object.  If  we  place  the  baud  and  arm  Hat 
on  H  table,  we  can  estimate  the  presaiire  exerted  by  bodies  resting  on  the 
palm  of  the  hand,  and  hj  come  to  a  conclusion  as  to  their  weights;  in  this 
case  we  are  conscious  only  of  the  preasure  exerted  by  the  body  on  our  skin. 
If,  however,  we  hold  the  body  in  the  hand,  we  not  only  feel  the  pressure  of 
the  body,  but  we  are  also  aware  of  the  muscular  exertion  required  to  support 
and  \\i\  it.  We  possess  a  muscular  sense;  and  we  find  by  experience  that 
when  we  trust  to  this  mK^ular  sense  aa  well  as  to  sensations  of  pressure, 
we  can  form  much  more  accurate  judgments  concerning  the  weight  of  bodies 
than  when  we  rely  on  sensations  of  pressure  alone.  When  we  want  to  tell 
how  he4ivy  a  body  is,  we  are  not  in  the  habit  of  allowing  it  sini[)ly  to  press 
on  the  hand  laid  flat  on  a  table;  we  hold  it  in  our  hand  and  lifV  it  up  and 
down.  We  appeal  to  our  muscular  sense  to  inform  us  of  the  amount  of 
exertion  necessary  to  move  it,  and  by  help  of  that,  judge  of  its  weight. 
And  in  alt  the  movements  of  our  body,  we  are  guided,  even  to  an  astonish- 
ing degree  of  accuracy,  as  is  well  seen  in  the  discussions  concerning  vision, 
by  an  appreciation,  more  or  less  distinctly  conscious,  of  the  amount  of  the 
c^mtraction  to  which  we  are  putting  our  muscles.  In  some  way  or  other  we 
are  made  awaro  of  what  f)Rriicular  muscles  or  groups  of  muscles  are  being 
thrown  into  action,  and  to  what  extent  that  action  is  being  carried.  We  are 
also  conscious  of  the  varying  condition  of  our  muscles,  even  when  they  are 
At  rest;  the  tired  and  esjjecially  the  paralyzed  limb  is  said  to  "  fee! "  heavy. 
in  this  way  the  state  of  our  muscles  largely  determines  our  general  feeling 
of  health  and  vigor,  of  weariness,  ill  healtn  and  feebleness. 

It  has  been  suggested  that  since  muscle  possesses  little  or  no  general  sen- 
sibility, <H>mparativoly  little  pain  being  felt  for  instance  when  muscles  are 
cut,  our  muscular  sense  is  chiefly  derived  from  the  traction  of  the  contract- 
iog  muscle  on  its  attachments;  and  undoubtedly  in  many  Instances  of  cramp, 
the  pain  is  chiefly  felt  at  the  joints;  and,  as  we  know,  Pacinian  bodies  are 
abundant  around  the  joints.  Afferent  nerves,  however,  having  a  different  dis- 
p>3ition  from  the  ordinary  motor  nerves  which  terminate  in  end-plates,  have 
t>een  described  as  present  in  muscle;  and  analogy  would  lead  us  to  suppose 
that  these  afferent  fibres,  though  jxjssessing  a  low  general  sensibilityi  might 
be  easily  excited  in  a  specific  manner  by  a  muscular  contraction ;  but  njr- 
ther  investigations  are  necessary  before  these  can  be  accepted  as  the  true 
nerves  of  the  muscular  sense. 

§  841.  In  favor  of  the  view  that  the 'muscular  sense  is  peripheral  and  not 
central  in  origin,  may  be  urged  the  fact  that  the  sense  is  felt  when  the  mus- 
cles are  thrown  into  contraction  by  direct  galvanic  stimulation  instead  of  by 
the  ageucy  of  the  will.  Many  authors,  even  while  admitting  the  existence  of 
a  muscular  sense  of  peripheral  origin,  contend  that  we  also  posses  and  are 
very  largely  guided  in  our  movements  by  what  might  be  called  a  **  neural  " 
sense  of  central  origin.  That  i.*^  to  say,  the  changes  in  the  central  nervous 
system  involved  in  initiating  and  carrying  out  a  movement  of  the  Ixxly.  so 
adject  our  consciousness,  that  we  have  a  sense  of  the  efl'ort  itself. 

It  has  been  obBtfrve<l  that  when  the  posterior  roots  are  divided,  movements 
beoomo  less  orderly,  as  if  they  lacked  the  guidance  of  a  muscular  sense; 
And  although  the  impairment  of  the  movements  may  be  due  in  part  to  the 
coincident  loss  of  tactile  sensations,  it  i^  probable  that  it  is  increased  by  the 
I(»a8  of  the  muscular  sense.     There  is  a  malady  or  rather  a  condition  attend- 
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i  i6<1  states  of  the  central  nervous  system  called  looomotor 

^ii  cterhilc  feature  of  which  h  that,  though  there  is  no  loa  of 

jjower  rjvtr  the  miiscleat  the  various  bodily  incjveraenta  are  effected 

rrfectly  and  with  difficulty,  froD]  want  of  proper  coordination.     In  such 

'*^B  the  pathological  raiBchief  is  frequently  louod  in  the  poeterior  cul* 

it'  the  spina]  cord  and  the  posterior  root^  of  the  spinal  nerves,  that  \a 

ictly  afferent  structures;  aud  the  phenomena  seem  in  certnifi  casta  Rt 

he  due  t»  iueffieieut  coordination  caused   hv  the  loai  both  of  the 

*  sense  and  of  ordinary  tactile  sensations,     The  patients  walk  witb 

becauae  they  have  imperl^ct  sensations  both  of  the  coDditiou  of 

iHueclea  and  of  the  contact  of  their  feet  with   the  ground.     In  many 

eir  movements  they  have  to  depend  largely  on  visual  sensations;  h6nce 

u  their  eyes  are  &hut,  they  become  singularly  helpless.      In  other  cam 

ata^cia  may  be  present  without  any  impairnient  of  touch  ;  but  a  ti^ 

1  of  the  varied  phenomena  of  this  class  of  maladies  canoot  be  entered 

«are* 


CHAPTER   VI. 

SPECIAL  MUSCULAR   MECHANISMS. 
The  Voice. 

IThe  Physiological  Anatomy  of  the  Larynx, 

i  842-  Tqe:  larynx  is  a  menibraQo-cartila^inons  chamber,  broader  above 
than  below,  and  situated  in  the  nnteriur  me^iian  portion  of  the  neck.  It 
coDsifiU  of  a  uuiuber  of  cartilages,  which  are  articuhtted  with  each  other, 
connected  by  ligaments,  moved  by  a  number  of  muscles,  and  lined  by  a 
mucous  membrane. 

The  principal  cartilagei*  are  the  thyroid,  cricoid,  the  two  arytenoid,  and 
the  epiglottis. 

Fif:.  ir*W. 


a.  •ojiUiiD  of  D09C.  below  U,  levtloit  of  banl  iMtUt* ;  b,  tuiixue ;  e.  MCtlon  of  velum  i«Q(laluin 
pal&ti :  (i,  (i.  llfH :  u.  uvuU  :  r,  Anterior  «rch  or  pillar  of  fHticeM ;  i,  ixMUfHnr  arr.b ;  t,  toncll ;  i*. 
pharrnx;  h,  UvnUi  twue;  k,  thrrotd  cartllace;  n,  cricoid  canllKgv:  i.  eplirlotLl* ;  v.  glottis;  Lpovto- 
fior  opeoi  ug  of  the  nures :  8.  iithiniu  fiiiiduta  ;  4,  luperior  opvnlim  of  latynx  :  3.  puaag*  Into  oaoph- 
i:  ft,  mouUi  of  rtfbt  EusUcblAD  tube. 


The  thyroid  cartilage  !■»  the  largest  and  ronsiitts  of  two  quadrilateral 
plates  or  alas,  which  are  continuous  with  each  <ither  in  front,  where  they 
form  the  prominence  callcil  the  pomum  Adami.  The  posterior  borders  of 
the  thyroid  cartilage  serve  as  a  point  of  attachment  of  the  stylo-pharyngeus 
and  palate  pharyngeus  muscles.  The  upper  part  of  each  of  these  l>orde» 
terminates  in  a  8U|>erior  eornu,  which  articulates  with  the  hyoid  bone;  I 
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lower  portion  terminate.'^  in  the  inferior  cornn,  which  articulHtea  with  iSe 
cricoid  cartilage.  The  upper  border  Ifctwcon  the  cornua  ie  connected  with 
the  hyoid  bone  by  the  thyrohyoid  nieiiibraut!.  The  lower  border  is  con- 
nected with  the  cricoid  cartilage  by  the  thyrocricoid  membrane  at  the 
median  line,  and  at  the  sides  by  the  crico-thyroid  muscles. 

The  cricoid  cartilage  is  eituated  below  the  thyroid  cartilage  with  its  broad 
portion  posteriorly.  At  the  upper  part  of  its  bmad  portion  are  two  imoolh 
surfaces  on  which  the  arytenoid  cartilages  articulate. 

Fin.  2ft4. 


Fro.  264.— ViKw  or  THE  Laiiywx  a.nk  pabt  or  the  TuAfniBA  rvou  Bkiiit*!*  ujtii  the  Mcadli 
DrnxcnKD.  A,  Xhv  body  of  thu  hjruld  Ij  hhj  ;  e,  u|»lglotUs ;  (,  the  pmterior  borilcrt  of  the  tbyroUS  «f- 
tlUlgfi;  e,  Ibemodian  ridge  of  the  criroM  ;  a,  upper  ii«n  of  Ibe  arytenoid  ;  r.  placeO  on  one  of  Ihe 
oblique  fuclcuU  of  the  ar>-tt;Dold  mtia<!lo ;  b,  led  posterior  crlco-arj'leinWd  muscle  :  ends  of  Cbt  lu- 
complQte  carUlaglnous  rliig^  of  the  Lracheti ;  I,  fibrous  membrane  cmmlng  the  hack  i>f  Ibc  inebct , 
n,  mtucuUr  flbrea  exponed  tn  a  part.    (From  QOAfN's  AntUomji.) 

Fw.  2ft5.— View  of  the  Larynx  ruosi  above,  l.  apertuh-  of  «\tAti% .  '1,  arylcuotd  oanilaie«« ;  V 
TOcaL  oordi ;  4,  jiojitcrtor  crico-aryi«nof d  muwlta  ;  <'».  lateral  crlco-arylenntd  mtiscle  of  right  rfde,  tlial 
of  left  sldo  removed  ;  fi.  arytenoid  ntiisirlc  ;  7,  thynvarytenoid  rauaclo  of  left  ride,  t  liat  of  ngM  ^^ 
removed ; 8,  thyroid  oartilage  ; »,  cricoid  cftrUla«e :  13.  iKiaterlor  crlnnir)ieQoid  Ueaueui.  WdJi  th* 
exception  of  the  arjlenold  muscle,  ibl*  diagram  Is  a  copy  from  Mr.  Wlllla'i  flgiire. 

Pio.  Sfid.— View  or  rifc  Urreit  Vkm  op  thi:  Labvkx  as  «k£N  by  heaks  op  thb  L^KYVoomft 
DPRiNQ  TUE  Uttebak<'e  OP  A  GRAVE  N'OTE.  c,  eptglottls:  t.  the  cartilages  of  Saotorinl ;  o,Uf» 
Hold  cartilaget;  s,  boae  of  the  tonguo  ;  ph.  the  povterinr  wall  of  the  pharynx. 

The  arytenoid  cartilages  are  pyramidal  in  form  and  articulate  on  (be 
upper  surface  of  the  cricoid.  Each  cartilage  has  an  external,  posterior,  and 
internal  (median)  surface,  an  apex  and  a  base.  The  apex  is  pointed  back- 
ward and  inward,  and  i^  surmounted  by  a  small  cartilaginous  tubercle, 
called  the  cartilage  uf  Sautorini  (Fig.  266).  The  base,  which  articulatn 
with  the  cricoid  cartilage,  presents  at  its  external  internal  angle  a  projection 
called  the  proccMiia  vocaitJi.  At  the  posterior  internal  angle  i*  a  eeeond  prtr 
jection,  called  the  processtui  viii^cularis. 

§  843.  The  superior  opening  of  the  larynx  is  formed  anteriorly  by  tb* 
epiglottis,  ]>osteriorly  by  the  apices  of  the  arytenoid  cartilages,  and  latcrallj 
by  the  aryteno-epigiottidean  folds  stretching  between  these  points.     The  in- 
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ferior  opeoLOg  corresponds  to  the  iaferior  border  of  the  cricoid  cartilage. 
Between  theee  points  is  the  cavity  of  the  larynx,  which  has  stretching  across 
its  sides  the  vocal  cords.  The  vocal  cords  consist  of  two  pairs  :  the  superior 
or  false  vocal  cords  are  raerabrano-lignmentous  bands,  which  extend  from  the 
receding  angle  of  the  thyroid  to  the  external  surfaces  of  the  arytenoid  carti- 
lages; the  inferior  or  true  vocal  cords  (chorda  vocalen)  are  memhrano- liga- 
mentous bands  which  stretch  across  the  cavity  of  the  larynx  from  the 
receding  angle  of  the  thyroid  to  the  processus  vocales  of  the  arytenoid  car- 
tilages. Between  the  borders  of  the  true  ami  false  vocal  cords  is  an  elliptical 
opening,  \.\\q  ventricle,  which  leads  to  a  space  running  upward  and  behind 
the  false  vocal  corda,  called  the  eacculns  larijnf^i^.  The  raucous  membrane 
lining  this  sac  contains  a  great  number  of  follicular  glands  which  discharge 
a  mucous  secretion  for  the  purp<jee  of  lubricating  the  true  vocal  cords. 

Between  the  true  vocal  cords  is  an  opening  which  is  called  the  ritna  glot- 
tidis.  The  form  of  the  glottis  varies  very  much  both  in  the  inspiratory  and 
expiratory  acts,  and  in  the  act  of  phonation. 

I;  844.  The  muscles  of  the  larynx  are  divided  anatomically  into  the  in- 
trinsic and  extrinsic.  The  former  are  nine  in  number,  four  t>f  tLem  being  in 
pairs.  They  are  the  essantial  muscles  concerned  in  the  movements  of  the 
arytenoid  cartilages  and  chnrdaj  vocales.  The  estrinaic  muscles  connect  the 
larynx  with  adjacent  parts,  and  arc  for  the  most  part  concerned  in  the  eleva- 
tion and  depression  of  the  organ. 

The  larynx  is  Hneil  with  a  mucous  membrane  which  is  continuous  above 
with  that  lining  the  pharynx  and  mouth,  and  below  with  that  lining  the 
trachea.  Above  the  chorda  vocales  it  is  lined  with  pavement  epithelium, 
excepting  at  the  lower  anterior  portion,  where  it  is  ciliated  ;  below  the 
chordaa  vocales  the  epithelium  is  of  a  ciliated  colnnmar  variety.  The  mucous 
membrane  contains  many  mucous  glands,  which  are  pretty  uniformly  dis- 
tributed;  they  are,  however,  very  abundant  in  the  part  of  the  membrane 
lining  the  sacculus  laryngis.] 

§  845.  A  blast  of  air,  driven  by  a  more  or  less  prolonged  expiratory  move- 
ment, throws  into  vibrations  two  elaatic  membranes — the  ehordce  vocales. 
These  im|>art  their  vibrations  to  the  column  of  air  above  them,  and  so  give 
rise  to  the  sound  which  we  call  the  voice.  Since  the  sound  is  generated  in 
the  vocal  cords,  we  mav  speak  of  them  and  of  those  parts  of  the  larynx 
which  decidedly  aH'ect  their  condition  as  constituting  the  es.<enlial  vocal  ap- 
paratus ;  while  the  chamber  above  the  vocal  cords,  comprisiuj^  the  ventricles 
of  the  larynx  with  the  false  vocal  cords,  the  pharynx  and  the  cavity  of  the 
mouth,  the  latter  varying  much  in  form,  constitutes  a  subsidiary  apparatus  of 
the  nature  of  a  resonance  tube,  modifying  the  srjund  originating  in  the  vocal 
cords.  In  the  voice,  as  in  other  sounds,  we  distinguish:  1,  Loudness.  This 
depends  on  the  strength  of  the  expiratory  blast.  2,  Pitch.  This  depends 
on  the  length  and  tension  of  the  vocal  cords.  Their  Ungih  may  be  regarded 
as  constant,  or  varying  only  with  age.  It  consequently  determines  the 
range  only  of  the  voice,  and  not  the  particular  note  given  out  at  any  one 
time.  The  shrill  voice  of  the  child  is  determined  by  the  shortness  of  the 
cords  in  infancy,  and  the  voices  of  a  soprano,  tenor,  and  baritone  are  all 
dependent  on  the  respective  lengths  of  their  vocal  corda.  Their  tendon  is 
on  the  contrary  variable  ;  and  the  chief  problem:^  connected  with  the  voice 
refer  to  variations  in  the  teni^ion  of  the  vocal  cordn.  3,  Quality.  This 
de[»ends  on  the  numl»er  and  character  of  the  overtone*  accompanying  any 
fundamental  nolo  Hounded,  and  is  determined  by  a  variety  of  circumstances, 
chief  among  which  is  the  physical  quality  of  the  cords. 

§  846.  The  vocal  cords,  attached  In  front  to  the  thyroid  cartilage,  end  behind 
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in  the  processus  vouales  of  the  arytenoid  cartilages.  PTencea  rlistinctioD  hu 
been  drawn  between  the  rinia  vocalis,  /.  «.,  the  opening  bounded  laterally  by 
the  vocal  cords,  and  the  rima  re»piratoria,  or  space  between  the  arytenoid 
cartilages  behind  the  procensus  vocalea;  these  names,  however,  are  not  free 
from  objections.  In  quiet  breathing  (Fig.  267,  B)  the  two  form  together  a 
V-shnped  space,  wliicli,  as  we  have  seen  (p.  449),  in  deep  inepiration  is 
widened  into  a  rhoinboidnl    opening   by  the   divergence  of  the   prooesntt 
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Larykx  aji  8kek  hv  Mean-*  or  tiik  LAitYNG(*«aPE  is  DirrEKKNT  COSMtion.-'  or  the  iiu»Tr'»- 
(KruiLi  WLAIN'^  Anniomtf,  aHer  Cxkkmak.) 

A,  while  singing  a  high  note :  B.  In  r|ulct  breathing :  C.  durinK  a  deep  inf|4ratiOD.  TIk  con*- 
sikondtuR  diagrani matte  Il^irefi  A'.  B'.  C",  Itluilnitc  the  clinni^  In  (K^iUon  of  the  arTtotuiM  cautllifrt 
and  the  form  of  the  rima  vocalliand  rlmn  nstpirnt^trU  In  ilit^  aUivo  Lhre«  isondiUfiti-  "  i.'(rf 

the  tongue:  e,  the  upjier  free  jiarl  of  cht»  episloitlP  ;  f'.  the  tuhtTclu  or  cuiablnn  (»f  ii  ,4 

pftrtofthe  anterior  wall  of  the  pharynx  txihind  ihc  lurynx  :  ir.  swelUntt  iu  ihcaryii  i 
fbM  caiiwd  by  the  carUlngc  of  Wiisl»erK:  ».  «Hen!ng  chumhI  by  the  cartllaKv  of  ~ 
aarnmit  of  the  arytenoid  cnrlllage;  cv.  the  tnie  vtN-al  cordi:  riw,  the  fatse  vnral  conh 
wlUi  Its  rings :  b,  the  two  bronchi  at  thidr  (NuniaenceiDeut. 
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vocalea  ( Fig.  267,  C).  When  a  note  ie  aliout  to  be  uttered,  the  vocal  t?urd» 
are  by  the  approximation  of  the  processus  vocalea  brought  into  a  wisitioD 
parallel  to  each  other,  and  the  whole  riuia  is  narrowed  (Fig.  267,  A\  Bj 
their  parallelism  and  by  tlie  narrowness  of  the  interval  between  theni  the 
cords  are  rendered  more  susceptible  of  l>eiug  thrown  into  vibration  by  » 
moderate  blast  of  air.  The  problems  we  have  to  consider  are,  first,  by  wimt 
means  are  the  cords  brought  near  to  each  other  or  drawn  asunder  a?  o*TMi<tti 
demands;  and,  secondly,  by  what  iiieans  is  the  tension  of  the  ri  lu 

vary.     We  may  speak  of  these  two  actions  as  narrowing  or  wi*l.  lie 

glottis,  and  tightening  or  relaxation  of  the  vocal  cords. 

^  847.  Narrowirtg  of  the  glottis.     The  change  of  form  of  the  glottis  if  Urt 
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understood  wbea  it  U  borne  in  mind  that  each  arytenoid  cartilage  is,  when 
seen  in  horizontal  section  (Fig.  267),  somewhat  of  the  form  of  a  triangle, 
with  an  Internal  or  median,  an  external,  and  a  posterior  side,  the  processus 
vocalis  being  placed  in  the  anterior  angle  at  the  junction  of  the  median  and 
external  eides.  When  the  cartilages  are  so  placed  that  the  processus  vocales 
are  approximated  to  each  other,  and  the  internal  surfaces  of  the  cartilages 
nearly  parallel,  the  glottis  is  narrowetl.  When  on  the  contrary  the  carti- 
lages are  wheeled  round  on  the  pivots  of  their  artlcutatiou^.  su  that  the  pro- 
oeeeua  vocales  diverge,  and  the  internal  surf;u:es  of  the  cartilages  form  an 
ancle  with  each  other,  the  glottis  is  widened. 

^  848.  There  are  several  muscles  forming  together  a  group,  which  baa  been 
called  by  lienlc  the  sphincter  of  the  larynx.  These  are:  1,  the  ihyro-ary- 
€pi(floUicus^  proceeding  from  the  inner  surface  of  the  thyroid  cartilage  and 
from  the  arytenoid  epiglottidean  ligament,  and  sweeping  round  the  outer 
ridge  of  the  arytenoid  cartilage  of  it«  own  side  to  be  inserted  into  the  pro- 
cessus muscularis  of  the  arytenoid  cartilage  of  the  other  side;  2,  the  thyro- 
arytetioideus  exiernim,  passing  from  the  rcontnint  angle  of  the  thyroid  cartilage 
to  be  inserted  into  the  outer  edge  of  the  arytenoid  cartilage  of  the  same  side  ; 
3,  the  thyro-aryienaideiLii  internwt,  |>as8ing  from  the  angle  of  the  thyroid  car- 
tilage to  the  processus  vocalic  and  outer  side  of  the  arytenoid  cartilage;  4,  the 
arytenoideut  {posiicm)^  pa^aiug  trauBversely  from  one  arytenoid  cartiluge  to 
another.  All  thepc  musclea,  when  they  act  together,  grasp  round  the  glottis 
and  tend  to  close  it  up;  and  each  of  them,  acting  alone,  has,  with  the  ex* 
ception  of  the  last  named  (arytenoidt'ti.s),  the  same  etlcct.  In  adiltlion  to 
these,  the  crUo-aryUnoidexi^  latcrafi^,  which  passes  from  the  lateral  l>order 
of  the  cricoid  lartilage  upward  and  backward  to  the  outer  angle  of  the  arv- 
tenoid,  by  pulling  this  outer  angle  forward  throws  the  processus  vocalis 
inward,  and  »o  also  narrows  the  glottis. 

§  849.  H'ideniiiff  of  the  glotiis.  The  erieo-ttrytenoideiu  poiticue,  passing 
from  the  posterior  surface  of  the  cricoid  cartilage  to  the  outer  angle  of  the 
arytenoid  cartilage  behind  the  attachment  of  the  lateral  crico-arytenoideus, 
pulls  back  this  outer  angle,  and  so  causing  the  processus  vocahs  to  move 
outward,  widens  the  glottis.  The  arytenoideus  posticus^  acting  aloue,  has  a 
similar  effect. 

§  860.  Tiyhferting  of  the  vocal  cords.  The  erico-ikyroldeus  pulls  the  thyroid 
downward  and  forwani,  and  so  increases  the  distance  between  that  cartilage 
and  the  aryleuoids  when  the  latter  are  fixed.  Supposing,  then,  the  aryt«- 
Doideus  and  crico-arytenoideus  posticus  to  fix  the  arytenoids,  the  effect  of  the 
contraction  of  the  cricothyroideua  would  be  to  lighten  the  vocal  cnrdfl. 

§  861.  Slackening  of  the  vocrii  cord^.  This  is  effected  by  the  whole  sphincter 
group  just  mentioned,  but  more  especially  by  the  Ihyroaryienoidei  extenvuB 
and  inleniujt;  these,  acting  alone,  supposing  the  arytenoid  cartilages  to  be 
fixed,  would  pull  the  thyroid  cartilage  upward  and  backward,  and  so  shorten 
the  distance  between  the  processus  vocalis  and  that  body. 

^  862.  Thus  almottt  every  movement  of  the  larynx  is  alfected  not  by  one 
muscle  only,  bui  by  several,  or  at  least  by  more  than  one,  acting  in  concert. 
The  movements  which  give  rise  t<)  the  voice  are  preeminently  combined  and 
co4')r4linate  movemeuts.  When  we  remember  how  a  very  blight  variation  in 
the  tension  of  the  vocal  cords  must  give  rise  to  a  marked  diHerence  in  the 
pitch  of  the  note  uttered,  and  yet  what  a  multitude  uf  fine  differences  of 
pitch  are  at  the  command  of  a  singer  of  even  moderate  ability,  it  ap|)ears 
excee<iingly  probable  that  the  various  muscular  cond)inations  requiretl  to 
produce  the  possible  variations  in  pitch  are  of  8uch  a  kind  that  frequently  a 
partonly,  possibly  a  few  fibres  only,  of  a  particular  muscle  may  be  thrown  into 
contraction,  while  all  the  rest  of  the  muscle  remains  quiet.     Taking  into 
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view  moreover  the  great  range  of  pitch  poBseaeed  by  even  common  voices,  as 
compared  with  the  possible  variatioua  of  tension  of  which  the  vocal  conisin 
their  natural  length  are  capable,  it  has  been  suggested  that  some  of  the  fibres 
of  the  thyro-arylenoideua  iutemua,  which,  passing  either  from  the  thyroid  or 
from  the  arytenoid,  appear  to  end  in  the  vocal  cords  themselves,  may,  by 


fixing  particuhir  points  of  the  corda,  so  to  sneak,  "  stop  "  them  ;  and  by 
thuy  artificially  shortening  the  length  actually  thrown  into  vibration,  pro- 
duce higher  notes  than  the  cords  m  their  natural  length  are  capable  of 
producing.  It  has  also  been  suggested  that  the  processus  vocales  may 
overlap  each  other,  aud  thereby  shorten  the  length  of  cord  available  for 
vibration. 

§  853,  These  various  muscles  are  supplied  by  the  vagus  nerve,  or  rather  by 
spinal  accessory  fibres  running  in  the  vagus  trunk.  The  superior  laryngeal  ii 
the  afferent  nerve  supplying  the  mucous  membrane,  but  it  also  contains  the 
motor  fibres  distributed  to  the  crico-thyroid  muscle;  hence,  when  this  nerve 
is  divided  on  one  side  the  corresponding  vocal  cord  is  relaxed  and  high  notes 
become  impossible.  It  is  worthy  of  notice  that  this,  the  chief  tensor,  and 
therefore  the  most  important,  muscle  of  the  larynx,  has  a  separate  and  di^- 
tiuct  nervous  supply.  According  to  some  autht)rs  the  arytenoideus  posticui 
also  receives  its  nervous  supply  from  this  nerve ;  but  this  is  denied  by 
othera. 

The  inferior  laryngeal  or  recurrent  branch  supplies  all  the  other  rousclee. 
When  this  nerve  is  divided  the  voice  is  lost,  since  the  approximation  and 
parallelism  of  the  vocal  cords  can  no  longer  be  affected.  When  in  a  living 
animal  both  recurrent  nerves  are  divided,  the  glotti?*  is  seen  to  become  im- 
mobile and  partially  dilated,  the  vocal  cords  assuming  the  position  in  which 
they  are  found  in  the  body  after  death,  and  which  may  be  considered  as  the 
condition  of  oi^uilibrium  between  the  dilating  and  constricting  muscles, 
During  forcible  iui^piration  the  glottis  passes  from  this  condition  in  the 
direction  of  more  complete  dilatation  ;  during  forcible  expiration,  the  change 
is  one  of  constriction.  When  the  peripheral  portion  of  one  recurrent  nerveis 
stimulated,  the  vocal  cord  of  the  same  side  is  approximated  to  the  middle 
line  ;  when  Ixith  nerves  are  stimulated,  the  vocal  cords  are  brought  togeiber 
and  the  glottis  is  narrowed.  Though  the  nerve  id  distributed  to  both  dtlatiDg 
and  constricting  muscles,  the  latter  overcome  the  former  when  the  nerve  is 
artificially  stimulated.  In  the  complete  closure  of  the  glottis,  which  is  » 
important  a  part  of  the  act  of  coughing  (p.  509),  the  group  (»f  muscles 
which  we  have  spoken  of  as  constituting  a  sphincter  is  thrown  intrt  forcible 
contractions  by  the  recurrrent  laryngeal  nerve. 

$  854.  Though  fundamentally  a  voluntarv  act,  the  utterance  of  a  given  note 
is  not  affected  by  the  direct  passage  of  simpfe  volitional  impulses  down  to  tlie 
laryngeal  muscles.  8o  complex  and  coordinate  a  movement  as  that  of  sound- 
ing even  a  simple  and  natural  note  requires  a  coordinating  nervous  mechan- 
ism in  which,  as  in  other  complex  muscular  actions,  afferent  impulses  pl&y 
an  important  part.  Auditory  sensations,  if  not  as  important  for  an  accurate 
management  of  the  voice  as  are  visual  sensations  for  the  movements  of  the 
eye,  are  yet  of  prime  importance.  This  is  recognized  when  we  say  that  such 
and  such  a  one  whose  power  over  his  laryngeal  muscles  is  imperfect  "  has 
no  ear." 

A  person  may  speak  or  sing  in  two  kinds  of  voice.  In  the  one  the  snuods 
are  full  and  strong,  and  the  re.sonnnce  chamber  whicli  is  supplietl  by 
the  trachea,  bronchi,  and  indeed  by  the  whole  chest,  is  thrown  into 
powertxil  and  palpable  vibrations  ;  hence  this  voice  is  spoken  of  as  ihe  cbcst- 
The  other  kind  of  voice,  c-alled  the  falsetto,  is  thin  and  poor,  dealt 


voice. 


chiefly  with  high  notes,  and  is  not  accompanied   by  the  same  conspicuous 
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vibrntions  of  the  chest.  Much  controversy  ha.s  taken  place  M  to  the  exact 
manner  in  which  these  two  voices  are  respectively  produced.  The  prevailing 
opinion  teaches  that  in  the  chest-voice  the  vocal  cords  are  somewhat  thick, 
their  oubHtance  being  thrust  inward  toward  the  median  line  by  the  contrac- 
tion of  the  thyro-arytenoideiexlerni  muacles,  and  th«  opening  between  them, 
somelinies  so  narrow  as  to  be  almost  linear,  extends  along  their  whole  length. 
In  the  falsetto  voice,  on  the  other  hand,  the  vocal  cords  are  said  to  be  thitk 
and  membranous,  and  the  note  t^  be  given  forth  by  a  vibration,  not  of  the 
whole  width  of  the  cords,  as  in  the  chest-voice,  but  of  the  extreme  edges 
only,  the  lateral  parts,  though  not  absolutely  at  rest,  vibrating  with  a  difler- 
ent  rhythm.  Though  the  wliole  larynx  in  the  falsetto  voice  is  stretched  in 
the  antcro-posterior  direction,  and  the  vocal  cords  correspondingly  elongated, 
the  rima  V4)calia  d(»es  not  extend  alon;^  their  whole  length  ;  at  their  posterior 
part  the  cords  are  in  contact,  and  indeed,  according  to  some  auibors,  the 
high  falsettii  notes  are  produced  by  a  sort  of  "  stopping  '*  of  the  cords.  The 
sense  of  eHbrt  which  accomi)anies  the  falsetto  voice  indicates  that  the  changes 
in  the  larynx  which  bring  it  about  are  etfected  by  some  special  muscular 
manfEUvres,  as  is  also  suggested  by  the  fact  that  the  ease  with  which  tialsetto 
notes  can  be  uttered  is  readily  iocreased  by  practice.  The  change  from  the 
cheat  to  the  falsetU)  voice  is  an  abrupt  one,  and  the  combined  range  may  be 
very  extensive,  as  in  the  case  of  persons  who  can  carry  on  a  duet,  singing 
altematelv.  for  instance,  in  a  tenor  (chest)  and  a  soprano  (falsetto)  vuice. 

ij  B65.  The  ventricles  of  Morgagni  are  apparently  of  use  in  giving  the  vocal 
cords  sufficient  room  for  their  vibrations,  and  perhaps  supply  a  secretion  by 
which  the  vocal  c^irds  arc  kept  adet^^Liately  moist.  The  purpose  of  the  false 
vocal  C)rd8  is  not  exactly  known.  Some  authors  think  that  in  the  falsetto 
voice  they  are  brought  down  into  contact  with,  and  thus  serve  to  stop,  the 
true  vocal  cords. 

At  the  age  of  puberty  a  rapid  development  of  the  larynx  takea  place, 
leading  to  a  change  in  the  range  of  the  voice.  The  peculiar  humhueas  of 
the  voice  when  it  is  thus"  breaking"  seems  to  be  due  to  a  temporary  con- 
gested and  swollen  condition  of  the  mucous  membrane  of  the  vocal  cords 
accompanying  the  active  growth  of  the  whole  larynx.  The  change  in  the 
mucous  membrane  may  come  on  (juite  suddenly,  the  voice  "  breayng"  for 
instance  in  the  course  of  a  night. 
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§  866.  Everj'  sound. or  every  note  (for  all  vocal  sounds  when  considered  by 
themat'lvcs  are  musical  S4iunds).  cauwd  by  the  vibrationH  of  the  v(k»I  cords, 
besides  its  loudness  due  to  the  force  ol  the  expiratory  blast,  and  its  pitch 
due  t<)  the  tension  of  the  cords,  has  a  quality  of  its  own,  due  to-the  number 
and  relative  prominence  of  the  overtones  which  accompany  the  fundamental 
tone.  .Some  of  these  Jeatures  which  make  up  the  quality  are  im^josetl  on  the 
note  by  the  nature  of  the  vocal  cords,  but  still  more  arise  fr«>in  various  mt>di- 
fications  which  the  relative  intensities  of  the  overtones  undergo  through  the 
res^mance  of  the  cavity  of  the  mouth  and  throat.  Whenever  we  hear  a  note 
sounded  by  the  larynx  we  are  able  to  recognize  in  it  features  which  enable 
us  to  state  that  one  or  other  of  the  "  vowels  "  is  being  uttered.  Vowel  sounds 
are  in  fart  only  extreme  casea  of  quality,  extreme  prominence  of  certain 
overtones  brought  about  by  the  shaj^e  assumed  by  the  buccal  and  pharyngeal 
fmsasgiu  and  orifices,  as  the  vibrations  pass  through  them.      Each  vowel  has 
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itfi  appropriate  and  causative  disposition  of  these  parts.  When  i  (ee  in  feikl 
is  sounded,  the  aoundiug-tube  of  the  upper  air-pasaages  is  made  aa  abort  M 
possible,  the  larynx  is  raised  and  the  li|w  are  retracted,  the  whole  cavity  of 
the  mouth  takino;  on  the  form  of  a  broad  Hank  with  a  narrow  neok.  During 
the  giving  out  of  e  (a  in  fat)  the  shajie  of  the  mouth  is  sinnlar,  but  s<ime- 
what  longer.  For  the  production  of  a  (aa  iu  father)  the  mouth  is  widely 
open,  so  tliat  the  buccal  cavity  is  of  the  shape  of  a  funnel  with  the  apex  at 
the  pharynx.  With  v,  the  buccal  cavity  is  again  fltuk-shaped,  with  the 
mouth  more  closed  than  iu  n,  but  the  lifw,  instead  of  being  retracted  a«  in  i 
and  e.  are  somewhat  protruded,  so  that  the  sounding-tube  is  prolonged.  The 
rreateet  length  of  the  tube  is  reached  iu  u  (oo).  iu  which  the  larynx  ii 
depressed  and  the  lips  protruded  as  much  as  possible.  While  the  two  hiller 
vowels  are  being  uttered,  the  general  form  of  the  buccal  cavity  is  that  of  i 
flask  with  a  short  neck  and  a  small  opening,  the  orifice  being  amaller  for  u 
than  for  o. 

§  857.  Each  of  these  various  ''  vowel"  forms  of  the  mouth  poesesBcs  a  nnte 
of  ita  own,  one  toward  which  it  acts  as  a  resunancc  chamber.  Thus,  if  ser- 
era]  tuning-forks  of  various  pitch  be  held  while  sounding  before  a  muuth 
which  has  assumed  the  particular  form  neceasary  for  sounding  U,  it  will  be 
found  that  the  resonance  will  be  particularly  ^reat  with  the  fork  having  the 
pitch  of  the  bass  A-flat.  Similarly,  other  and  higher  notes  will  be  inteosi- 
fied  when  the  mouth  is  moulded  to  utter  the  other  vowels.  And  it  istb* 
experience  of  singers  that  each  vowel  is  sung  with  peculiar  ease  on  a  doU 
having  a  prominent  overtone  corretspomling  to  the  tone  proper  to  the  moulli 
when  moulded  to  utter  the  vowel.  The  precise  nature  of  the  vowel  souadi 
IB,  however,  etill  disputed. 

As  the  vibrations  arc  travelling  through  the  pharyngeal  and  buccal  cavi- 
ties, the  posterior  narea  are  closed  by  the  soft  palate ;  and  it  may  be  sbovn, 
by  holding  a  t)ame  before  the  nostril,  that  no  current  of  air  issues  from  the 
nose  when  a  vowel  is  properly  said  or  sung.  When  the  [>08terior  nares  ait 
not  etfectually  closed  the  sound  acquires  a  nasal  character.  The  same  bap- 
pens  when  the  anterior  nares  are  closed,  as  when  the  nose  is  held  between  the 
fingers,  the  nasal  chamber  then  forming  a  cavity  of  reaonaQce. 


OonsonanU, 


§  858.  Vowels  are,  as  their  name  impliee,  the  only  real  vooal  aounda;  it 
is  only  on  a  vowel  that  a  note  can  be  said  or  sung.  Our  speech,  however,* 
made  up  not  only  of  vowels  but  also  of  consonants,  t.  e.,  of  sounds  which  $it 
produced  not  by  the  vibrations  of  the  vocal  cords  but  by  the  expiratory  blwt 
Deing  in  various  ways  interrupted  or  otherwise  modified  in  its  course  tbrougli 
the  throat  and  mouth. 

The  distinction  between  the  two  is,  however,  not  an  absolute  one,  since. » 
we  have  seen,  the  characters  of  the  several  vowels  depend  on  the  form  of  the 
mouth,  and  in  the  production  of  some  consonants  (fe,  D,  M.  N,  etc.)  vibia" 
tioas  of  the  vocal  cords  form  a  necessary  though  adjuvant  factor. 

Consonants  have  been  claasitied  according  t*i  the  place  at  which  the  char- 
acteristic interruption  or  modification  takes  place.     Thus  it  may  occur: 

1.  At  the  lips,  by  the  movement  or  position  of  the  lips  in  reference  to  «acli 
other  or  to  the  teeth,  giving  rise  to  laoial  consonants. 

2.  At  the  teeth,  by  the  movement  or  position  of  the  front  part  of  thetongvc 
in  reference  to  the  teeth  or  the  hard  palate,  giving  rise  to  denial  couismaaU- 

3.  In  the  throat,  by  the  movement  or  position  of  the  ro<n  of  the  tongue  in 
rei'erence  to  the  soft  palate  or  pharynx,  giving  rise  to  guttural  oonaouauti. 
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AraoDg  the  Hcntalfl  again  rany  ho  distinguished  the  dentals  commonly  so 
calle<i,  eiich  aa  T,  the  sibilants  such  na  8,  nud  the  lingual  L,  all  (liflering  in 
the  relative  position  of  the  tongue,  teeth,  and  palate. 

Consonants  may  also  be  classified  according  to  the  character  of  the  move- 
ments which  give  rise  to  them.     Thus  they  may  be  either  explosive  or  con" 

1.  Kq}lo»iveji,  In  these  the  characters  are  given  to  the  sound  by  the  sudden 
establishment  or  removal  of  the  appropriate  interruption.  Thus*  in  uttering 
the  labial  P,  the  lips  are  tirst  cloded,  then  an  expiratory  current  of  air  is 
driven  against  them,  and  upon  their  being  suddenly  opened,  the  sound  is 
generated.  Similarly,  the  dental  T  is  generated  by  the  sudden  removal  of 
the  interniptiou  caused  by  the  approximation  of  the  tip  of  the  tongue  to  the 
front  of  tlie  hard  palate,  and  the  guttural  K  hy  the  sudden  removal  of  the 
interruption  caused  by  the  approximation  of  the  root  of  the  tongue  to  the 
mttl  palate. 

The  labial  B  difFeni  from  P,  in&irouch  as  it  is  accompanied  by  vibrations 
of  the  vocal  cords  (that  is.  a  vowel  stiunH  is  uttered  at  the  same  time),  and 
tbcKe  vibrations  continue  after  the  removal  of  the  interruption.  Hence,  B 
is  often  spoken  of  as  l)eing  uttered  with  voice  and  P  without  voice  ;  and  D 
and  G  (hard)  with  voice  bear  the  same  relation  to T and  K  without  voice. 

The  continnoiM  consonants  may  further  be  divided  into- — 

2.  Ajqnrates.  In  these  the  sound  is  generated  by  a  rueh  of  air  through  a 
constriction  formed  by  the  partial  closure  of  the  lips,  or  hy  the  raising  of  the 
tongue  against  the  hard  or  soft  palate,  etc.  ThuB.  F  is  sounded  when  the 
\\\ye  are  brought  into  partial,  and  not  as  in  P  and  B  Into  complete  approxi* 
mation,  and  a  current  of  air  is  driven  through  the  narrowed  o|>ening.  F  is 
uttered  without  any  accompanying  vibration  of  the  vocal  cords,  i.  e..  without 
voice.     With  voice  it  becomes  V. 

The  sibilant  S  is  formed  hy  a  rush  of  air  past  an  obstruction  caused  by 
the  partial  cli>sure  of  the  teeth,  the  front  of  the  tongue  being  depressed  at 
the  same  time;  and  S  accompanied  with  vibratiobs  of  the  vocal  cords 
becomes  Z. 

In  Sh  the  dorsal  surface  of  the  tongue  is  raised  so  as  to  narrow  the 
paasage  between  that  organ  and  the  palate  for  a  considerable  portion  of  ita 
length. 

Th  is  formed  by  placing  the  tongue  between  the  two  frtirtially  open  rows 
of  teeth ;  and  the  hard  and  soft  Th  bear  to  each  other  the  same  relation  a* 
do  P  and  B. 

L  is  produced  when  the  passage  is  closed  in  the  middle  by  pressing  the  tip 
of  the  tongue  against  the  bard  palate  an<t  the  air  is  allowed  to  escape  at  the 
sides  of  the  tongue. 

When  the  constriction  in  an  aspirate  is  formed  hv  the  approximation  of 
the  root  of  the  tongue  to  the  soft  palate,  we  have  the  guttural  CH  (as  in 
loch)  without  voice  and  GH  (as  in  lough)  witii  voice. 

3.  Jic^onanU  or  nasal*.  In  these,  all  of  which  must  have  vibrations  of  the 
yocal  oords  as  a  basis,  the  usual  passage  through  the  mouth  is  closed  either 
Id  a  labial,  dental,  or  guttural  taehion.  and  the  peculiar  character  is  given 
to  the  sound  by  the  nasal  chambers  acting  as  a  resonance  cavity.  Thui^  in 
M.  the  passage  is  closed  by  the  approxiroatiou  of  the  lips,  in  N,  by  the 
approximation  of  the  Umgue  to  the  hard  pidate.  and  in  NG  by  the  approx- 
imation of  the  root  of  the  tongue  to  the  soft  palate. 

4.  The  various  forms  of  R  are  often  spoken  of  as  vibratory,  the  characteristic 
sounds  being  caused  by  the  vibration  of  some  or  other  of  the  f>art«  forming 
a  constriction  in  the  vocal  passage.  Thus  the  or«iinary  R  is  producer)  by 
vibrations  of  the  point  of  the  tongue  elevated  against  the  hard  palate,  the 
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guttural  R  by  ibe  vibrations  of  the  uvula  or  other  f 
pharynx ;  and  in  some  languiigea  there  seems  to  b 
vibrations  of  the  Hps.  M 

H  is  caused  by  the  rush  ol'  utr  through  the  wSH 
in  sounding  a  vowel,  the  sound  coincides  with  a  sue 
tion  of  the  vocal  cords  from  one  of  divergence  to  on 
vowel  is  pronounced  with  the  epiritua  attper.  Wh 
brought  together  before  the  blast  of  air  begins,  the  vi 
the  spiritits  leiiU.  The  Arabic  H  is  produced  hji 
the  epiglottis  and  false  vocal  cords  being  depressM 
air  through  the  rima  respiratoria.  fl 

On    many  of  ihe  above  points,  however,  there 
opinion,  the  discussion  of  which  as  well  as  of  olhe 
sounds  would  lead  us  too  far  away  from  the  purpose 
lowing  tabular  statement  must,  therefore,  be  refltard& 
yenieuce  only. 

Explosives.  LahiaU,     without  voice    .    . 

Liihtatiy  with  voice  .... 
DetUnh^  without  voice  .  .  , 
DminU^      with  voice     .     .     .     , 

GuituraU,  without  voice     .     .     .     .  K' 

Gutturals,  with  voice G  (I 

Aspirates.     Lttlnnls,     without  voice    .    .    .    .  F. 

LiibuiU,     with  voice V. 

Detihth,     without  voice    .     .    .    .  L,  S 

DmtaU,     with  voice Z,  Z 

Tl 

GvUuTah.  without  voice    ....  CH 

Gutturah,  with  voice ^^j 

Resokants.    Labial Mj 

Dental N.^ 

Guttural, NG. 

VrBBATOBY.    Labial,      not  IcDOwn  in  European  speech. 
Dental,       R  fcomuion).  ^ 

Giitturalj  R  (guttural).  ^ 

§  859.  Whispering  is  speech  without  any  employmei 
is  etiected  chiefly  by  the  lips  and  tongue.    Hence,  in  w 
between  consonants  needing  and  those  not  needinc 
becomes  for  the  most  pnrt  lost. 
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S  860.  Tbeskeletalmu&clesareforthe most  parti 
and  cArtilagea  as  ou  levers,  examples  of  the  first  ki 
and  those  of  the  third  kind,  where  the  (mwer  is  appli 
than  is  the  weight,  being  more  common  than  the  se 
the  fact  that  the  movements  of  the  body  are  chiefly  < 
paratively  light  weights  through  a  great  distance 
distance  with  great  precision,  rather  than  to  moving 
a  abort  distance.  The  fulcrum  is  generally  supplied 
feet)  joint,  and  one  end  of  the  acting  muscle  is  made 
either  to  a  fixed  p<^>int,  or  to  some  point  rendered  fixe 
the  contraction  of  other  muscles.  There  are  few  mc 
which  one  muscle  only  is  concerned  ;  in  the  majority 
act  together  in  concert ;  nearly  all  our  luovemeuts 
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Where  gravity  or  the  elastic  reactiun  uf  the  parbi  acted  ou  doea  not  afford  a 
sufficient  antagonism  to  the  contraction  of  a  muscle  or  group  of  muscles,  the 
return  to  the  condition  of  equilibrum  is  provided  for  by  the  action  either 
ehistic  or  contractile  of  n  set  uf  antagonistic  muscles ;  this  is  seen  in  the  case 
of  the  face. 

i^  861.  The  erect  posture^  in  which  the  weight  of  the  body  ia  borne  by  the 
plantar  arches,  is  the  result  of  a  series  of  contractions  of  the  mus<:les  of  the 
trunk  and  legs,  having  for  their  object  the  keeping  the  lK>dy  in  such  a  positioa 
that  the  line  of  gravity  falls  within  the  area  of  the  feet.  That  this  does  require 
muscular  exertion  is  shown  by  the  factJi,  that  a  person  when  standing  per* 
fectly  at  rest  in  a  completely  balanced  {tositiou  falls  when  he  bea)me8  uu- 
consciouSf  and  that  a  dead  body  cannut  beset  on  its  feet.  The  line  of  gravity 
of  the  head  falls  in  front  of  the  occipital  articulation,  as  is  t>hown  by  the 
nodding  of  the  head  in  sleep.  The  centre  of  gravity  of  the  combined  head 
and  trunk  lies  at  about  the  level  of  the  ensiform  cartilage,  in  front  of  the 
tenth  dorsal  vertebra,  and  the  line  of  gravity  drawn  from  it  passes  behind  a 
line  joining  the  centres  of  the  two  hip-joints,  so  that  the  erect  body  would 
fall  buck  ward  were  it  not  for  the  action  of  the  muscles  passing  from  the 
thighn  lo  the  pelvis  assisted  by  the  anterior  ligaments  of  the  hin-jointe.  The 
Hue  of  gravity  of  the  combine*!  head,  truuK  and  thighs  falls  moreover  a 
little  behind  the  knee-joints,  so  that  some,  though  little,  muscular  exertion  ia 
required  to  prevent  the  knees  from  being  bent.  Lastly,  the  line  of  gravity 
of  the  whole  body  passes  in  front  of  the  line  drawn  between  the  two  ankle- 
joinca,  the  centre  of  gravity  of  the  whole  body  being  placed  at  the  end  of 
the  sacrum ;  hence  some  exertion  of  the  muscles  of  the  calves  is  required  to 
prevent  the  body  falling  forward. 

§  882.  In  imlkintf,  there  is  in  each  9te[)  a  moment  at  which  the  body  rests 
vertically  on  the  foot  of  one,  say  the  right  leg,  while  the  other,  the  left  leg,  ia 
inclined  vtbliquely  behind  with  the  heel  raised  and  the  toe  reM.ing  on  the 
gr<>und.  The  left  leg,  slightly  flexed  to  avoid  contact  with  the  ground,  is 
then  swung  forward  like  a  pendulum,  the  length  of  the  awing  or  step  being 
determined  by  the  length  of  the  leg;  and  the  left  toe' is  brought  to  the 
ground.  On  this  left,  toe  us  a  fulcrum,  the  body  is  moved  f  )rward,  the  centre 
of  gravity  of  the  body  describing  a  curve  the  convexity  of  which  is  upward 
and  the  left  leg  necessarily  becoming  straight  and  rigid.  As  the  body  movei 
forward,  a  point  will  be  reached  similar  to  that  with  which  we  supposed  the 
step  to  be  started,  the  body  resting  vertically  on  the  left  foot,  and  the  right 
leg  being  directed  behind  in  an  oblique  position.  The  movement  ou  the  left 
foot,  however,  carries  the  b<^y  beyond  tnis  point,  and  in  doing  so  swings  the 
right  leg  forward  until  it  is  the  length  of  a  step  in  advance  of  its  previous 
position,  and  its  toe  in  turn  ff)rms  a  fulcrum  on  which  the  body,  and  with  it 
the  left  leg,  is  again  swung  forward.  Hence  in  succeasive  steps  the  centre 
of  gravity,  and  with  it  the  top  of  the  head,  describes  a  aeries  of  oon^'ecutive 
curves,  with  their  convexities  upward,  very  similar  to  the  line  of  Higbt  of 
many  birds. 

Since  in  standing  on  both  feet  the  line  of  gravity  falls  between  the  two 
feet,  a  lateral  displacement  of  the  centre  of  gravity  is  necessary  in  order  to 
balance  the  body  on  one  foot.  Hence  in  walking  the  centre  of  gravity  de- 
scribes not  only  a  series  of  vertical,  but  also  a  series  of  horizontal  curves, 
inasmuch  as  at  each  step  the  line  of  gravity  is  made  to  fall  alternately  on 
each  standing  foot.  While  the  left  leg  is  swinging,  the  line  of  gravity  falls 
within  the  area  of  the  right  foot,  and  the  centre  of  gravity  is  on  the  right 
side  uf  the  pelvis.     As  the  left  foot  becomes  the  standing  foot,  the  centre  of 


I  Thin  lD(llcateiMrhAi«wiuit  ibonld  be  done  mther  tti^n  the  HCnat  praoUeei 
heel  to  the  ffrouml  (Iret.  th«  oouuct  with  the  too  comlof  Ut«r. 
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fravity  it}  shifled  to  the  lelt  side  uf  the  pelvic.  Tbe  actual  curve  described 
y  the  centre  of  gravity  is,  therefore,  a  somewhat  compliciited  one,  being 
composeil  of  vertical  and  horizontal  factors.  The  natural  step  is  the  one 
which  is  determined  by  the  length  of  the  swinging  leg,  since  this  acts  as  a 
pendulum;  and  hence  the  step  of  a  long-legged  person  is  naturally  longer 
than  that  of  a  person  with  short  legs.  The  length  of  the  step,  however,  may 
be  diminished  or  increased  by  a  direct  muscular  effort,  as  when  a  line  of 
soldiers  keep  step  in  spite  of  their  having  legs  of  different  lengths.  Such  t 
mode  of  marching  must  obviously  be  fatiguing,  inasmuch  as  it  involved  an 
unneceasnry  expenditure  of  energy. 

lu  slow  walking  there  is  an  apj)rcciable  time,  during  which,  while  one  foot 
is  already  in  position  to  serve  as  a  fulcrum,  the  other,  swinging,  foot  has  not 
yet  lefl  the  ground.  In  fast  walking  this  period  is  so  much  reduced  that  one 
foot  leaves  the  ground  the  moment  the  other  touches  it;  hence  there  is  prac- 
tically no  period  during  which  Iwth  feet  are  on  the  ground  together. 

When  the  body  is  swung  forward  on  the  one  foot  acting  as  a  fulcrum 
with  such  energy  that  this  foot  leaves  the  ground  before  the  other,  swinging, 
foot  has  reached  the  ground,  there  being  an  interval  during  which  neither 
foot  is  on  the  ground,  the  person  is  said  to  be  running^  not  walking. 

In  jumping,  this  propulsion  of  the  body  takea  place  on  both  feet  at  tbe 
same  time ;  iu  hopping,  it  is  eSecte<J  on  one  foot  only. 

§  863.  The  locomotion  of  four-footed  animals  is  necessarily  more  compli- 
cated than  that  of  man.  The  simple  walk,  such  as  that  of  the  horse,  is 
executed  in  four  times,  with  a  diagi>nal  succession  ;  thus,  right  fore-leg,  left 
hind-leg,  left  fore-leg,  right  hind-leg-  In  the  amble,  such  as  that  of  the 
camel,  the  two  feet  of  the  same  @ide  are  put  down  at  one  and  the  same  time, 
this  movement  being  followed  by  a  similar  movement  of  the  other  two  \tp\ 
it  corresponds,  therefore,  very  closely  to  human  walking.  In  the  trot,  which 
corresponds  to  human  running,  the  two  diagonally  opposite  feet  are  brought 
to  the  ground  at  the  same  time,  ant]  the  body  is  propelled  forward  on  them. 
Concerning  this,  however,  as  well  concerning  the  still  more  coropLicttted 
gallop  and  canter,  observers  are  not  agreetl,  and  much  discus&ion  has  artseo- 

The  other  problems  connected  with  the  action  of   the  various   skeletal 
muscles  of  the  bo<ly  are  too  special  to  be  considered  here. 
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ORGANS  OF  REPRODUCTION. 

§  864,  Maxy  of  the  individual  ctuifitituent  parts  of  the  body  are  capable  of 
reproduction — i.e.,  they  can  give  rise  to  parta  like  themselves;  or  they  are 
capable  of  regeneration — i,  c,  their  places  can  be  taken  by  new  parts  more 
or  less  closely  reserabiing  theniBelvcs.  The  elementary  tissues  undergo  during 
life  a  very  large  amount  of  regeneration.  Thus,  the  old  epilheliiira  scales 
which  fall  away  from  the  surface  of  the  Iwdy  are  8ucceede<l  by  new  8<iale8 
from  the  uuderlying  layers  of  the  epidermis;  old  blood-e^^rpusclea  give  place 
to  new  ones;  worn-out  muscles,  or  those  which  have  failed  from  diseiise,  are 
renewed  by  the  accesaiim  of  fresh  fibres  ;  divided  nerves  grow  again  ;  broken 
bones  are  united  ;  omnective  tis-nue  seems  to  disappear  and  appear  almost 
without  limit ;  new  secreting  cells  take  the  place  of  the  old  ones  which  are 
east  oH*:  in  fact,  with  the  exception  of  some  cases,  such  as  cartilage,  and 
these  doubtful  exceptions,  all  ihoee  fundamental  tissues  of  the  body,  which 
do  not  form  part  of  highly  differentiated  organs,  are,  within  limits  Hxed 
more  by  bulk  than  by  anything  else,  capable  of  regeneration.  That  re- 
generation by  substitution  of  molecules,  which  is  the  basis  of  all  life,  is 
accompanied  by  a  regeneration  by  substitution  of  mass. 

In  the  higher  animals  regeneration  of  whole  organs  and  members,  even 
of  those  whose  continued  functional  activity  is  not  essential  to  the  well- 
being  of  the  body,  is  never  witnessed,  though  it  may  be  seen  in  the  lower 
animals ;  the  digits  of  a  newt  may  be  restored  by  growth,  but  not  those  of 
a  man.  And  the  repair  which  follows  even  partial  destruction  of  highly 
differentiated  organs,  such  as  the  retina,  is  in  the  higher  animals  very 
imperfect.  , 

In  the  higher  animals  the  reproduction  of  the  whole  individual  can  be 
eiTected  in  no  other  way  than  by  the  process  of  sexual  generation,  through 
which  the  female  representative  element  or  ovum  is,  under  the  influence  of 
the  male  representative  or  spermatozoon,  developed  into  an  adult  indi- 
vidual. 

We  do  not  purpose  to  enter  here  into  any  of  the  morphological  problems 
connected  with  the  series  of  changes  through  which  the  ovum  becomes  the 
adult  being;  or  into  the  obscure  biological  inquiry  as  to  how  the  simple, 
all-but-HtructurelesB  ovum  contains  within  itself,  in  [>otentiality,  all  its  future 
development.^,  and  as  to  what  is  the  e.4sentiHl  naiure  of  the  male  action. 
These  problems  and  questions  are  fully  discussed  elsewhere;  they  do  not 
properly  enter  intii  a  work  on  physiology,  except  under  the  view  that  all 
oiological  problems  are,  when  pushed  far  enough,  physiological  problems. 


b 
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We  flliall  limit  ourselves  to  a  brief  aurvey  of  the  more  important  physio- 
logical phenomena  attendaut  on  the  impregaation  of  the  ovucd  aud  ou  tb« 
nutrition  and  birth  of  the  embryo. 


IThe  PhyswhyiccU  Aiiatomy  of  the  Organs  of  Oeneration. 


§866.  Thefemak  orga-aa  of  gene^'aiion  are  anatomically  divided  into  I 
internal  aud  external  organs.  The  latter  compri^  the  labia  majora  and 
minora,  the  clitoris,  the  hymen,  the  meatus  urinanus,  the  vulvo-vaginal  glan'le, 
and  the  raucous  and  sebaceous  glands  which  are  distributed  in  the  mucous 
membrane  covering  the  parts.  The  external  organs  play  a  very  subeidifttr 
part  in  the  function  of  reproduction,  oud  they  will  'be  passed  by  with  this 
orief  notice. 

The  internal  organs  comprise  the  vagina,  uterus.  Fallopian  tubee,  and 
ovaries. 

The  vagina  is  a  musculo-membranoua  canal,  about  four  to  six  iuchee  loDg, 
directed  obliquely  upward  and  backward,  and  extending  from  the  hymen  to 
the  cervix  uteri,  where  it  is  attached  at  a  point  a  short  distance  above  tlie 

Fio.  arts. 


i 


OUOEAinATIC  VUlW  or  the  IJTERL'S  A5D  ITS  AlTEXnAGD,  AH  SCKN  PHOX  BKHIIO)^ 

(From  QrArN.)  liulf  uutuml  size 
Tbe  uterus  nnd  upper  pan  of  tbe  vAgrina  bare  been  laid  open  by  rvmoTlng  ibc  poctchor  van ; 
FalUipliiu  tube,  round  IlKainviit,  aud  ovarian  Ugament  have  been  cat  Bhort.  and  tbe  broad  1i| 
TemoTed  on  Ibe  left  Bide :  h,  th«  upper  pnrt  of  the  uterus ;  r,  th«  ccrrtx  opposite  tbe  m  laienitEttr 
the  triangular  shape  of  tbe  uterine  cavity  ta  abowu.  and  tbe  dttaiatlou  of  tbe  cervictU  cavity  wlib  ibt 
nkglB.  termed  arbor  rltie  ;  r,  upjier  part  of  tbe  va^lua  ;  od,  FalLopiau  tube  or  urlduct ;  tb«  cwni* 
eomxnuni cation  of  Itscavltr  with  thatoftheooruu  of  tbe  uterus  on  each  Aide  1«  teen  :  I,  roaDdUfi' 
mcnt:  ^o.  ligament  of  the  ovary:  o.  ovary;  i,  wide  outer  part  of  the  rigbi  Fallop4iyi  tube:  fi,  M 
fimbriated  extrexulty ;  po,  porovartum :  h^  one  of  Lbe  bydaUds  fluently  found  connected  wttb  1W 
brood  ligament. 

OB  Uteri.  Its  walls  consist  of  an  external  C4>at  of  lon^tudinal  mtiscaltr 
fibres,  a  middle  ere<!tile  coat,  and  an  internal  mucous  coat.  Tho  utiicoitf 
membrane  \s  continuous  i)elow  with  that  covering  the  external  getiitaU.  »niJ 
above  with  the  mucous  membrane  lining  the  uterus.  The  anterior  and  pop- 
tenor  surfaces  are  marked  by  longitudinal  folds  or  raphe,  from  which  % 
number  of  transverse  folds  are  given  (tff.  This  membrane  is  provided  wit^ 
mucous  glands,  and  is  thickly  covered  with  sensitive  papillie. 

The  uterus  is  a  flattened,  pyriform,  muscular  organ  (F\^.  26^).  Ana- 
tomically it  is  divided  into  the  fundus,  ncok,  and  cervix.  The  neck  Indicattf 
the  p)int  of  division  between  the  lower  constricted  portion,  which  ia  tbe 
cervix,  and  the  upper  expanded  portion,  the  fundus.     The  cervix,  whicb 
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mds  froni  the  neck  to  the  end  of  the  organ,  project*  into  the  vagina,  at 
-hich  point  it  ia  marked  hy  a  transverse  fissure,  called  the  os  lUeri. 
The  cavity  of  the  uterus  is  somewhat  triangular  in  shaj^e,  and  very  much 
flattened  antero-iHWteriurly.  The  iufcrior  angle  of  the  cavity  is  continuous 
with  the  canal  ruiiniuji;  llirough  the  cervix  to  the  vagina.  The  buperior 
angles  are  called  the  coruua ;  at  the  bottom  of  each  ia  an  orifice  of  a  Fallopian 
tube.  The  ut4>ni8  is  composed  of  three  coats:  a  serous  (formed  by  the  ])eri- 
toneura),  a  muscular,  and  a  mucous  coat.  The  mucous  coat  is  continuous 
with  that  lining  the  Fallopian  tubes  and  vagiua.  It  is  covered  with 
eolumnar  ciliated  epithelium,  and,  if  examined  with  a  lens,  the  openings  of 
the  mucous  follicles  will  be  seen  to  be  verv  profusely  distributed  over  the 
surface.     If  a  vertical  section  be  made,  as  m  Fig.  269,  the  tubules  will  be 


FIO.  309. 


or  TBS  LtKlNB  MKJCnUAKX  OF  k  HUMAN  t'TltRrS  AT  THE  PKMOD  Of  COM3IC!(CIMG   FlM- 

HAVCT.  sliuwlug  ttie  ■(Tuifremvnu  and  oib«r  pecall&rlUu  of  tbe  gUofls,  d,  d,  d.  with  their  orUloiB. 
c,  a,  a,  uii  tlio  Intenuil  nurfaco  of  the  orEftn.    Ttvk'e  tbo  nAtunl  sice. 


seen  to  be  arranged  perpendicularly  to  the  surface,  having  a  wavy  course. 
In  the  impregnated  uterus  they  become  much  swollen  and  enlarged.  The 
mucous  membrane  lining  the  cervix,  on  account  of  its  j^ecuUar  appearance, 
is  called  the  arbor  viUs  uierinua. 

The  Fallopian  tubes  (Fig.  268)  are  about  four  inches  in  length,  and 
extend  from  the  cornua  of  the  uterus  to  the  ovaries,  where  they  end  in 
enlarged  expanded  extremities,  the  margins  of  which  are  covered  by  long, 
slender  proceaBes,  one  of  them  being  connected  to  the  ovary.  This  portion 
of  the  tube  is  called  the  i]mhriate<l  extremity.  The  tubes  are  com[x)&ed  of  a 
serous,  muscular,  and  mucous  layer.  The  mucous  membrane  is  covered 
with  ciliated  columnar  epithelium. 

The  ovaries  (Fig.  268)  are  fattened,  ovoidal  bodies,  which  are  situated 
one  on  each  side  of  the  uterus,  and  enclosed  in  the  folds  of  the  broad  liga- 
ments. They  are  each  connected  with  the  uterus  by  a  ligament,  and  with 
the  Fallopian  lube  by  one  of  its  fimbriae.  They  each  consist  of  a  fibrous  c^^at 
{tuttica  nWuffinra)  which  encloses  the  stroma  of  the  organ.  (Fig.  270.)  The 
stroma  is  oompoaed  of  a  soft,  vascular  fibrous  tissue,  having  imbedded  in  it  a 
number  of  small  bodies,  called  Graafian  vesicles,  which  are  in  divers  stages 
of  development.  These  vesicles  commence  their  development  in  the  deeper 
portion.*  of  the  ovary,  and  aa  they  approach  maturity  gradually  make  their 
way  to  tlie  surface,  where  they  project  as  prominences,  and  their  capsule 
finally  rupturing,  discharge  their  contents  into  the  Fallopian  tube.  Each 
vesicle  consists  of  an  external  coat  formed  by  the  ovary,  an  internal  coat  or 
capsule,  and  within  this  a  layer  of  cells,  which  ccmstitutcs  the  mcmbrnna 
jfrantUom.  The  interior  of  the  vesicle  consists  of  an  albuminous  fluid,  in 
which  is  suspended  the  ovule. 

J  866.  The  nude  generative  organ*.  The  same  physiological  interest  is  not 
centred  in  the  male  organs  of  generation  as  in  thr^se  of  the  female,  the 
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principal  intereet  being  concentrated  upon  the  organs  which  secrete  the  male 
fluid  by  which  the  ovule  is  impregnated.  Our  remarksi  will,  therefore.  Iw 
aluioat  entirely  confined  to  the  organs  concerned  in  the  accretion  of  this  fluid. 

The  male  organs  comprise  the  penis,  or  organ  of  copulation,  the  pro«ute 
and  Cowper's  glands,  the  testicles,  and  vasa  deferentia  and  vesicultt  semi- 
nales. 

The  prostate  gland  surrounds  the  neck  of  the  bladder  and  comiueucenient 
of  the  urethra  (Fig.  271).  It  secretes  a  milky  fluid,  which  is  couveytM^  Uy 
the  prostatic  ducts  to  the  floor  of  the  urethra.  Cowper's  glands  nre  two 
small  glands  which  are  situated  between  the  layers  of  the  deep  perineal  fascia 
at  the  anterior  part  of  the  membranous  urethra.  They  secrete  a  viscid  fluid, 
which  is  conveyed  by  ducts  to  the  floor  of  the  urethra.  "  ^^ 

The  testes  or  teeticlea  are  two  small,  flattened,  ovoidal  glands,  which!  are 


Kiu  :;7o. 


ViKW  or  A  Sbctiok  or  Prepakeh  Ovaky  ok  the  Cat  (After  SmfcON.)  <  •> 
1,  outer  corpiinp  unrt  free  bctrdcr  of  the  oY»ry  ;  I',  HtUehed  borrlef  ;  2.  tbc  ovarian  ttrouw,  pfovnt. 
Ing  ft  Abroita  and  vascular  stnicl  ure  :  R,  fraaalar  satvtancti  lylnE  ejclcnial  to  ibc  dbruits  Ktroma ;  4. 
bloDdvewelH  ;  \  nvigermc  In  ibelr  earliest  %lmgta  occupying  a  part  of  tb«  gmniilar  layer  near  tht  nr- 
llfcce ;  6,  ovlgenn.4  which  have  begun  to  enlarge  and  In  paat  more  <l«eply  Into  iho  ovary :  7.  ovlgcnni 
round  wbich  the  (jnuil^nn  follicle  nod  tunica  gTKnulon  arv  now  fonocd.  and  whieb  hare  piaid 
•ouewhiitdt>e[«r  into  tliuuvary  and  iirofturrvjiindcd  bjrUie  flbrouf  itnMua;  8.iaoreadvBOO««IOraaflHi 
follicle  with  the  ovum  imbedded  In  the  layer  of  cells  conttltuUitg  the  pn>Ug«rou>  d\ae  :  9,  Uvt  sort 
mdTmaoed  follicle  cuataJnlng  the  ovum.  etc. :  IK.  a  Ibllicle  from  which  the  omm  b«a  •ocidentally 
escaped  ;  10,  curptia  lutcum. 


situated  in  a  mnsculo-membranous  pouch,  called  the  scrotum,  and  suftpended 
by  the  spermatic  cords.  Each  testicle  consists  of  two  partfi :  the  gland  proper 
and  the  epididymis.  The  gland  (Fig.  272)  is  composed  of  an  outer  fibrous 
coat,  the  tunica  alhuginea^  this  being  covered  by  a  serous  membrane,  the 
tunica  vo^tmx/ifl.  The  substance  of  the  gland  consists  of  a  number  of  pymrn- 
idal  lobular  divisions,  which  are  situated  with  their  ba^es  toward  the  iur> 
face.  Each  lobule  is  composed  of  several  convoluted  iubuH  Mminifrri,  and 
are  separated  from  adjoining  lobules  by  prolongation  of  fibrous  titisue  from 
the  tunica  albuginea.  The  tubules  are  composed  of  a  homogeneous  basement 
membrane,  wliich  is  lined  by  granular  nucleate<l  epithelium.  In  the  apices 
of  the  lobules  they  have  a  straight  course,  and  furni  the  i^tuta  r^Wa.  Ther 
then  enter  the  fibrous  tissue  of  the  mc<liastiuum  (Fig.  272).  and  form  a 
plexus  of  tubes  called  the  rete  fft«fiV.  which  end  in  the  upfwr  pari  i>f  tb« 
mediastinum  as  the  v<ua  efferentia,  au<l  tlic.'^e  becoming  very  much  (^(>nvoluted 
form  the  globus  major  or  bead  of  the  epididymis.  The  lubulcs  of  tbe  globoa 
major  unite  to  form  a  single  tube,  which  is  very  much  convoluted,  and  ouD- 
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BtUufee  the  body  and  globuA  minor  of  the  epididymis,  and  is  then  continued 
from  the  globus  minor  to  the  base  of  the  bladder  as  the  excretory  duct  or 
vas  defereiu. 

Kiu.  ?71.  Fio.  172. 


Pio.  271.— Tnx  Baar  op  thk  Male  Biadhsii,  vrrn nis  vmcruE sehinalw  and  PKonATi Glahxk 
(Alter  Haixu.)  1,  Uie  urinary  bUulder :  2,  tbe  longliadliul  \Mjm  of  anucaUr  flbfw ;  8,  the  prottata 
gUnd  ;  -I,  membranous  portion  of  tbe  urethra ;  5.  Lbe  uretem ;  A,  bloodveaMli ;  7,  loft,  S,  rif^ht  Ta» 
deterens;  9,  left  Beminal  veelcle  in  lie  natuml  poatUon:  to,  ductus  cjaculatorius  or  tbo  left  side 
tmTeninK  tbe  prastale  gUnd ;  11,  right  seiulnal  veolclu  liijeclod  and  uamvelied;  12,  13,  blind 
pouobea  of  realoultt ;  14,  right  dnclm  ejAculatorlus  traversing  the  prostate. 

Flo.  372.—0.  lobules ;  b,  rasa  recta ;  c.  mediastinum  :  d.  rasa  eflerentla ;  e,  body  of  epldidjrmls ; 
/,  rete  teMa ;  g,  globiu  minor ;  A,  vbk  cttifertinK ;  I,  tunica  albogtoea  and  Its  Incerlobolar  reOeotloos ; 
it  globus  ma)or. 


Fio.  7TS. 


■\ 


? 


A.  Spkrmatozoa  raoH  thb  BcHA^f  Vas  DaraieiSL    (After  Koluxeii.) 
],  xugnlAed  S90  dlameten ;  2,  magnlfled  800  dlameten :  a,  &«n  tbe  side ;  6,  from  abore. 

B,  SrCRMATIC  ORLUI  AXU  SPKRVATDEOA  or  TKB  BITLL  HXDEROOnM  DlVElOFMEKT. 
(Alter  KOLUKER.)    4fiO:l. 
],  spermatic  oelU,  with  one  or  two  nuclei,  one  of  them  clear;  2,  S,  free  nudd.  with  tpermatlo 
Ibuaenti  forming ;  4,  lbe  lUaments  elongated  and  the  body  widened :  6,  flUmenia  nearly  developeil. 

The  vtu  deferens,  commencing  at  the  globus  minor,  ascends  in  the  poeterior 
part  of  the  spermatic  cord  through  tbe  spermatic  canal  into  the  pelvis,  where 
It  runs  to  the  base  of  the  bladder  anu  becoroes  enlarged,  sacculated,  and 
narrowed,  and  joins  with  the  duct  of  the  vesicula  aeminalis  to  form  a  common 
ejaculatory  duct.     The  walls  of  tbe  vas  deferens  are  composed  of  fibrous  and 
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muscular  tiasue,  which  ia  lined  by  a  muoous  membraue  wilh  oolai 
thelium. 

The  t^wictd^B  seminaUs  are  two  elongated  sacculated  bodies,  pUoed 
to  the  vaaa  deferentia.  The  structure  of  the  aeminal  ytmcitm  ii  Miilar  to 
that  of  the  vaAn  deferentia.  consisting  of  a  fibro-muscular  wall  Bned  wilkA 
mucouH  membrane,  which  ia  covered  by  granular,  nucleated^  pilTpaai 
epithelium  i^lls.  The^  organs  serve  aa  receptacles  fur  the  Mammal  And 
secreted  by  the  testes,  and  at  the  same  time  produce  a  secrrtioo  of  thrtr  own 
whicli  M  adilod  to  it.  The  ejiiculatory  ducte,  which  are  fomuMl  by  the  unin 
of  tho  duclt»  of  the  vosa  deferentia  and  resicutce  seminaW,  open  inbi  tk* 
proHtutic  portion  of  the  urethra.  Their  coats  are  ihinner,  but  bnvr  iwwiiiImBj 
the  same  stnictLire  as  the  y&sn,  deferentia,  with  which  they  are  ouDllnuoo^ 

§  867.  The  seminal  fluid  is  u  complex  secretion,  being  coaip(«ed  of  tkt 
anatomical  elements  of  tpermaiozoay  which  are  formed  in  the  tartSB,  mod  1/ 
the  secretions  of  the  va^  deferentia.  v^stculie  seminales,  ihm  proiCsl*  aod 
Cowi>er's  glands,  and  the  mucous  glands  of  the  urethra.  The  wnminil  Wi 
is  of  a  thick,  whitish,  striated  appearance,  and,  if  examined  micraaoopiM%v 
is  seen  to  contain  innumerable  bodies  which  are  in  active  motioo.  Thaw  tft 
the  spermatozoids.  and  arc  the  essential  male  elements  cono«tTic«l  io  tk 
fecundation  of  the  ovule.  Ench  of  these  bodies  (Pig-  273)  coosisis  sf  • 
flattened,  ovoidal  head,  having  at  its  base  a  tapering  caudate  appendM  ■ 
active  vibratile  motion.  These  anatomical  elenMnts  were  at  flnt  ooflMHii 
animalculft.  but  they  are  now  looked  upon  as  tnb  masses  of  procoplana  iM 
ciliary  apfM^ndages,  which  endow  them  with  the  power  of  mi(;ralioti. 

The  spermatozoa  are  devclope<i  from  the  nuclei  of  vesiclci  wbiob  an 
forme<]  in  the  tubules  of  the  tcetes.  The  nuclei  are  meOunorpbiMcd  isSs 
the  heads  of  the  8}>ermato£oa,  the  ciliary  appenda^^  being  aftervard  drf'rf' 
ope<l  as  a  sort  of  outgrowth.  DitTerent  stagua  tif  the  dev^opi 
other  interesting  features  are  shown  in  the  atx)ve  Hgunx] 


CHAPTER    II 


MENSTRUATION. 


§  868.  From  puberty,  which  occurs  at  from  13  to  17  j'ears  of  age,  to  the 
climacteric,  which  arrives  at  from  45  to  50  years  of  age.  the  human  female 
ifl  subject  to  a  mouthly  discharge  of  ova  from  the  ovaries,  accompuuied  by 
special  changes,  not  ouly  m  tho«e  orgiius  but  also  in  the  Fallnpian  tubes 
ami  uterus,  as  well  as  bv  geueral  changes  iu  the  body  at  large,  the  whole 
constituting  ''  menetruntion."  The  essential  event  in  nienstrimtion  is  the 
escape  of  an  ovum  from  its  Graafian  follicle  [Fig,  274].  The  whole  ovary 
ftt  toia  time  becomes  congested,  and  the  ripe  follicle  bulges  from  its  surface. 
The  most  projecting  portion  of  the  wall  of  the  follicle,  which  has  previously 
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Fia  774.— 8ICTI0K  or  GEAATIAN  FoLUCLX  OP  A  Uahmal.  (Aft«r  Von  Bahk.)  1.  itrOIOA  oftbuoTftrT 
wlUi  bloodvenfli ,  2,  peiitoiietun :  8  and  4,  laycn  of  ibe  exlemml  coal  of  the  QnAflan  fultlcle  ;  9^ 
mttiubmDft  puitilcM  ;  6,  fluid  of  the  tinudiiin  follicle :  7.  rnuiDlar  acine,  or  discus  prnUgems,  con- 
uUniDg  th«  oTule  (^|. 

Fie.  275.— OvDiJt  or  the  Sow.  (After  Dakey.)  I.  g«nnliu.l  Kpot :  2,  ffvrmlual  vesicle ;  8,  yotk ;  4, 
aona  pelludda ;  5,  dlBcus  pntUgenia ;  0,  Adbenmt  fruinlcs  or  ceUs.] 


become  excessively  thin,  is  now  ruptured,  and  the  ovum,  which  having  left 
its  earlier  position,  is  lying  close  under  the  projecting  surface  of  the  fullicle, 
escapes,  together  with  the  cells  of  the  disem  pro/ifjerujt  [Fig.  275],  into  the 
Fallopian  tube.  How  the  entrance  of  the  ovum  into  the  Fallopian  tube  is 
secured  is  not  exactly  known.  Some  maintain  that  the  ovary  is  grasped  by 
the  trumpet-shaped  fimbriated  mouth  of  the  Fallopian  tube,  itself  turgid 
and  congested ;  the  movement  necessary  to  brin^  ibis  about  being  effected 
by  the  jnain  muscular  fibres  present  in  the  mouth  of  the  tube.  Others,  re- 
jecting this  view,  and  asserting  that  the  turgcecence  of  the  tube  does  not 
occur  until  after  the  ovum  has  became  safely  lodged  in  the  tube,  suggest 
that  the  ovum  is  carried  in  the  proper  direction  by  currents  in  the  peritoneal 
cavity  set  up  by  the  action  of  the  ciliated  epithelium  lining  the  tube,  cur- 
rents whose  direction  and  strength  seem,  as  shown  by  ex|>eriment,  to  be 
adequate  to  carry  into  the  uterus  particles  present  in  the  peritone&l  Buid, 
Arrived  iu  the  tube,  the  ovum  travels  downward,  very  slowly,  by  the  action 
probably  of  the  cilia  Haing  the  tube,  though  possibly  its  progress  may 
occasionally  l>e  insisted  by  the  t>eriBtaltic  contractions  of  the  muscular  walls. 
The  stay  of  the  ovum  in  the  Fallopian  lube  may  extend  to  several  days. 
There  is  an  eHusion  of  blood  into  the  ruptured  follicle,  which  is  subsequently 
followed  by  histological  changes  in  the  coats  of  the  follicle  resulting  in  a 
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corpus  luleum^  [^ig*  276].  The  discharge  of  the  ovum  is  accornpaDied  Qot 
only  by  n  congestion  or  erection  of  the  ovary  and  Fallopian  tube,  but  alao 
by  marke<1  changes  in  the  uterus,  especially  in  the  uterine  mucous  mem- 
brane. While  the  whole  organ  becomes  congested  and  enlarged,  the  mucoui 
membrane,  and  especially  the  uterine  glands,  are  distinct!}'  hyi>ertrophied. 
The  swollen  iuternal  surface  is  thrown  into  folds  which  almost  obliterate  the 
cavity;  and  a  hemorrhagic  discharge,  often  considerable  in  extent,  constitut- 
ing the  menstrual  or  catamenial  flow,  takes  place  from  the  greater  jiart  of 
its  surface.  The  blood  as  it  pasees  through  the  vagina  becomes  somewhat 
altered  by  the  acid  secretions  of  that  passage,  and  when  scanty  coaguUta 

tPlG.  276. 
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.  dTAGUI  or  TUK  FOKNXTIOII  UrTUKCOKTUS  LVTCt'H  I»  TUR  ORAAriAN  FoLUrLKOFI 

<AA  sun  n«  Vnt-ncAl.  Scttion).    At  a  is  nhown  the  state  of  the  foUicle  immedinlely  aAer 

■Ion  of  the  OTiile,  its  cavity  being  filled  with  blood,  and  no  oatentible  Inoroaae  of  ita  epiibtOil 

lining  b&Tlng  yet  taken  ]A»ce ;  at  A  a  thickening  or  LhU  lining  has  become  apparent  ;  mt  e  It 

to  preacDt  foldi  which  are  dt*«p«ned  at  tl,  and  Uie  clot  of  blrx>d  is  absorbed  pari  pociw,  and 

Mune  time  decnlorizcd ;  a  conUnoauce  of  the  same  procew.  a«  abown  at  <,  f.  g.  A,  fbrms  the 

lut«um.  wilb  lu  delicate  cicatrix.] 

but  slightly  ;  when  the  flow,  however,  is  considerable,  distinct  clots 
make  their  ap[)earance.  The  swollen  and  hyjHirtrophied  mucous  memhi_ 
then  undergoes  a  rapid  degeneration,  and  is  shed,  passing  away  sometimes 
distinct  masses,  forming  the  latter  part  of  the  menstrual  flow.  The  Xom  of 
the  mucous  membrane  is  so  complete,  that  the  bajses  only  of  the  uterine 
glands  arc  lef^,  and  from  the  epithelial  cells  lining  these  the  regeueratioD  of 
the  new  membrane  is  said  to  take  place.  It  i^  not  certain  that  men«tn»- 
lion,  in  the  human  subject  at  all  events,  is  always  accompanied  by  a  dtf* 
charge  of  an  ovum ;  indeed  caaee  have  been  recorded  in  which  menstruatioD 

\}  Tho  foIlowlDg  tabiUar  statement  by  Dalton  exprenee  the  principal  dlObrenoei  betwean  lbs  <(»■ 
piu  luteum  of  the  non-pregnant  and  pregnant  fnnale: 


At  the  end  (tf  three 
weeka. 

One  month. 

Two  mont/a. 

BttmotUJU. 

Xine  month*. 


CoRi'ua  LuTKric  or  Menvtbuatioh. 

Tbrec-<iua Iters  of  an  inch  In  diam- 
eter :  ceutrml  clot  reddiib ;  convo- 
luted wall  i«le. 

Smaller ;  convoluted  wall  bright  yel- 
low :  clot  still  reddish. 

Reduced  lo  the  condiUon  of  an  tnslg- 
ulflcant  cicatrix. 

Abecnt. 
Absent. 


Cbircs  Ldtkuji  op  PaansaASCt. 


Liuser ;  convoluted  with  brigbt  yil* 

low :  dot  stUl  reddish. 
8eTen<e1j|bttu  of  an  1  neb  in  diamffcr; 

ooDToIuted  wall  brigbt  yeUaw  :  dot 

perfectly  dtMmlfuijea. 
Still  ac  large  as  at  end  of  mocai 

month;  clot  flbrioooa:  omvolnMt 

wait  paler 
One-half  an  Inch  in  diameter  ;eaitnl 

clot  conTcrted  InU)  a  mdlAiiiuc  rim- 

trix;    ttie    cxtemKi  hl| 

thick  and  convoloT'  ml 

any  brigbt  yellow  re 


MENSTRUATIOK. 

continued  after  what  appeared  to  be  oomplete  removal  of  both  ovaries.  And 
it  secina  probable  also  that  under  certain  circumstances^,  c.^.,  coitus,  a  dis- 
charge of  an  ovum  may  lake  place  at  other  times  than  at  the  menstrual 
period.  Since,  however,  the  time  during  which  both  the  oN-ura  and  the 
B])ermatozoon  may  remain  in  the  female  passages  alive  and  functionally 
capable  is  considerable,  probably  extending  to  some  days,  coitus  effected 
either  some  time  after  or  some  time  before  the  menstrual  escape  of  an  ovum 
might  leatl  to  impregnation  and  subsequent  develt>pment  of  an  embryo; 
hence  the  fact  that  impregnation  may  follow  upon  coitus  at  some  time  alter 
or  before  menstruation  is  no  very  cogent  argument  in  favor  of  the  view  that 
such  a  coitus  has  caused  an  independent  escape  of  an  ovum.  The  escape  of 
the  ovum  is  said  to  precede,  rather  than  coincide  with  or  follow,  the  cata- 
nienial  flow.  If  no  spermatozoa  come  in  contact  with  the  ovum  it  dies,  the 
uterine  membrane  returns  to  its  normal  condition,  and  no  trace  of  the  dis- 
charge of  an  ovum  is  left,  except  the  corpus  luteum  in  the  ovary. 

§  869.  It  is  obvious  that  in  these  phenomena  of  menstruation  we  have  to 
deal  with  complicated  reflex  actions  affecting  nut  only  the  va^ular  supply, 
but,  apparently  in  a  direct  manner,  the  nutritive  changes  of  the  organs  con- 
cerned. Our  studies  on  the  nervous  action  of  secretion  render  it  easy  lor  ua 
to  conceive  in  a  general  way  how  the  several  events  are  brought  about.  It 
is  no  more  difficult  to  suppase  that  the  stimulus  of  the  enlargement  of  a 
Graafian  follicle  causes  nutritive  as  well  us  vascular  changes  in  the  uterine 
muc(ms  membrane,  than  it  is  to  suppose  that  the  stimulus  of  food  in  the 
alimentary  canal  causes  those  nutritive  changes  in  the  salivary  glands  or 
pancreas  which  constitute  secretion.  In  the  latter  case  we  can  to  some 
extent  trace  out  the  chain  of  events ;  in  the  former  case  we  hardly  know 
more  than  that  the  maintenance  of  the  lumbar  cord  is  sufficient,  as  far  as 
the  central  nervous  system  is  concerned,  for  the  carrying  on  of  the  work. 
In  the  case  of  a  dog  in  which  the  spinal  cord  had  been  completely  divided 
in  the  dorsal  region  while  the  animal  was  as  yet  a  mere  puppy,  "heat" 
or  menstruation  took  place  as  usual. 
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§870.  I\  coitus  the  discharge  of  the  semen  contaiDing  the  spermatoxoa  is 
most  probably  efiected  by  Qieaos  of  the  perifitalticcoutractlous  of  the  ve&iculx 
seminnlea  and  vasa  dcfereutia,  assisted  by  rhythmical  contractions  of  the 
bulbo-cavernosus  muscle,  the  whole  being  a  reflex  act,  the  centre  of  which 
appears  to  be  in  the  lumbar  spinal  cord.  In  the  dog  emiaaiuu  of  semen  con 
be  brought  about  by  stimulation  of  the  glana  penis  after  complete  division 
of  the  spinal  conl  in  the  dorsal  region.  The  emission  of  semeu  is  preceded 
by  an  erection  of  the  penis.  Thi3  we  have  already  seen,  p.  274,  is  in  part  at 
leaat  due  to  an  increased  vascular  supply  brought  about  by  means  of  the 
nervi  erigeutea  ;  it  is  probable,  however,  that  the  condititm  is  further  secured 
by  u  comf)resaion  of  the  efferent  veins  of  the  corpora  cavernosa  by  meane  of 
smooth  muscular  fibres  present  in  those  bodies.  The  semen  being  received 
into  the  female  organs,  w!iic*h  are  at  the  time  in  a  state  of  turgesceiice  re- 
sembliDg  the  erection  of  the  penis,  but  less  marked,  the  spermatozoa  find 
their  way  into  the  Fallopian  tubes^and  here  (probably  in  its  upper  part) 
come  in  contact  with  the  ovum.  In  the  case  of  some  animals  impregnatian 
may  take  place  at  the  ovary  itself.  The  passage  of  the  B[>ermatozoa  is  most 
probably  eflected  mainly  by  their  own  vibratile  activity  ;  but  in  aome  aoimala 
a  retrograde  peristaltic  movement  travelling  from  the  uterus  along  the  Fal- 
lopian tubes  has  been  observed;  this  might  assist  in  bringing  the  .semen  to 
the  ovum,  but  inasmuch  as  these  movements  are  probably  parts  of  the  act 
of  coitus,  and  impregnation  may  be  deferred  till  some  time  after  that  event, 
no  great  stress  can  be  laid  upon  them. 

As  the  result  of  the  action  of  the  spermato;&oa  on  the  ovum,  the  latter, 
instead  of  dying  as  when  impregnation  fail^,  awakes  to  great  uutriutv 
activity  accompanied  by  remarkable  morphological  changes;  it  enlarges  and 
develops  into  an  embryo. 

§  871.  [Preceding  the  time  of  the  occurrence  of  the  entrance  of  the  aperma- 
tozoon  into  the  egg,  certain  anatomical  changes  have  been  observed  to  occur, 
and  in  order  thoroughly  to  understand  these,  as  well  as  the  changes  which 
follow  in  the  ovum,  it  wiH  first  be  necessary  to  review  the  anatomy  of  the 


he  ovule  is  a  minute  cell,  the  wall  being  formed  by  a  structureleas,  trans* 
parent  membrane,  called  the  zona  pcllncida^  or  vitelline  membrane.  Within 
this  is  the  yolk,  or  vitellus,  which  consists  of  a  granular  semi-Quid  mna^ 
having  suspended  in  it  a  imcleim  or  germinal  veaicUf  containing  a  nuriefltui 
or  germinal  ^pot.  The  germinal  vesicle  consists  of  a  very  delicnte*  trans- 
parent, homogeneous  membrane,  which  encloses  a  fluid  with  gr&nule^ 
and  suspended  in  it  an  eccentric  nucleolus  of  a  granular  and  m>rillate(l 
structure. 

§872.  Previous  to  the  occurrence  of  the  impregnation  of  the  ovule  a  very 
interesting  series  of  changes  have  been  observed  to  take  place.  According 
to  Balfour,'  the  first  interesting  point  to  be  noticed  ia  the  migration  of  the 

)  See  t^DAiierly  Joumal  ol  Microvoopy,  Oclotwr,  lATS. 
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germinal  veeiclo  toward  the  cell  wall.  The  vehicular  wall  theu  l)eGomefl 
wavy  and  gradually  tlbappcare,  while  at  the  same  time  the  nucleolus  or 
germinal  spot  has  undergone  metam<»rphosis,  so  that  what  remains  of  these 
structures  is  a  spindle  8hu[>ed  muss.  One  extremity  of  this  mass  gradually 
projects  throuj^li  the  cell  wall  anrl  is  thrown  off  as  u  poiar  vesicle.  From  the 
other  remaining  portion  a  second  polar  vesicle  is  formed,  the  part  of  the 
ma&8  then  remaining  in  the  ovule  beiuf^  f>crmanent.  and  is  called  iheJ'emaU 
pronnclem.  The  next  chan^'e  observed  is  the  appearance  of  a  zone,  of  radial 
slriit;  around  the  pronucleus  and  its  mifj:raliuu  to  the  centre  of  the  egg.  The 
spermatoztxtn  then  penetrates  the  wall  of  the  ovule,  probably  at  the  point  of 
tne  formation  of  the  [>olar  vesicles.  The  tail  of  the  flperraatoz)H>n  becomes 
absorbed,  and  the  head  is  raetamorph(«ed  into  the  male  pronucleus.  From 
the  male  pronucleus  a  number  of  radiating  strite  are  given  off  in  all  direc- 
tions, and  it  then  migrates  toward  the  female  prouucleuSf  and  afterward  fuses 
with  it.  forming  a  single  or  eU-avage  nncleits. 

i  873.  Cleavage  or  segmentation  of  the  vitellus  then  l>egins  (Fig.  277),  by 
which  process  the  nucleus  thus  formed  dividea  inUi  two  parts,  each  taking 
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DUGRAUS  OP  TBB  VlUOOS  BrJU3»  OF  CLEAVAaC  OT  TDK  YoLK.     (AOcf  DALTuN.) 

with  it  half  of  the  vitellTne  mass.  These  two  divide  into  four,  and  these  four 
into  eight,  and  so  on  indetinitely  until  an  agglomerate  mass  of  nucleated  cells 
resulta,  each  of  which  contains  a  part  of  the  cleavage  nucleus.  This  maoB 
of  cells  is  called  the  mulberry  mass,  and  the  cells 
coDsiituting  it  arrange  themselves  about  the  interior 
of  the  tona  pdlucida  and  form  the  bltutodt^rmic  vencle 
or  mnnbiane.  This  membrane  then  splits  up  into 
two  layers,  the  external  and  internal ;  a  third  or  mid- 
dle layer  l»eing  afterward  formed  between  them. 

Immediately  after  the  formation  of  the  two  layers 
of  blastoderm,  an  opaque  rounded  collection  of  small 
cells  occurs,  called  the  aroi  genninaiiva  or  embryonic 
spot.  (Fig.  278.)  This  spot  then  becomes  elongated, 
and  in  its  longitudinal  axis  the  first  trace  of  the 
embryo  appears  as  a  faint  line,  termed  the  primitive 
Invstf,  this  being  in  the  midst  of  a  clear  elongated  mass 
of  cells,  the  area  peliueida,  which  is  itself  surrounded 
by  a  more  opaque  zone. 

§  874.  In  front  of  the  primitive  trace  two  folds  are 
formed  from  which  a  groove  ia  prolonged  backward 
in  a  line  with  the  primitive  trace.  These  fold:*  gradu- 
ally extend  along  the  entire  length  of  the  groove,  and  form  the  laminct  dcr»aUt^ 
which,  by  growing,  project  more  and  more  above  the  gr*K)ve,  and,  gradually 
approaching  each  other,  coalesce  and  enclose  the  neural  canal,  which  will 
afterward  ctmtain  the  cerebro-spinal  axis.     At  about  the  same  period  cor- 

68 
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nciN   or    Bmbkyii. 
Daltoh.) 

Showing  tlni  aroa  gernU* 
natlv*  or  rrnhryonlc  «pol, 
tlu)  AFM  pellucldft,  and 
tb«  prlmlUvi!  gnmve  or 
LniMi. 
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responding  to  the  development  of  the  dorsal  laminte  similar  laniins 
given  oft'  from  the  uuder  surface  of  the  blastoderm.     These  are  the  'ami 
ventrale^,  which,  by  graduaUy  enlarging  and  finally  coalescing,  enclofte 
abdominal  cavity.     Beneath  the  floor  of  the  groove  above  described  a  d< 
cate,  whitish  collection  of  cells  appears.     This  h  the  chorda  doraalu  or  ootfh' 
chord,  around  which  are  atlerward  developed  the  bodies  and  proceoMi  of 
the  vertebra. 

During  this  period  other  changes  have  also  taken  plac«.     The  oephalio 
and  caudal  extremities  have  become  flexed  and  form  the  cephalic  and  caudfl 
fle^^re8;  and  the  embryo  also  being  cnrved  upon  itself  laterally,  the  viteHtlH 
mass  appears  separated  from  it  by  a  constriction.     This  constriction  graiiu- 
ally  increasing,  finally  separates  the  vitelline  mass  as  a  vesicular  bod)',. 


FiO.  27». 


DlAOBANMATic  Section  <?HuwiN(i  iue  Hki.ation  in  a  Masimai.  aki>  in  a  Max  BenrccK  nu 

PfUUITITB  AUHBXTARY  CaNAL    M*D  TDK   MEMBRANEK  or  THE  OVUM, 

Tbe  iUg«  repmoited  In  ttUi  dUcrroxn  oorreeponds  lo  tbai  of  ibc  flitecntb  or  sewnteetitb  <UriM 
tbe  bnnuin  embryo,  previous  to  tbe  exiwuaioii  of  the  nllanMii;  c,  tbcTiU<mfichnrfnn :  a,  tfacuanlnB  - 
a',  tbe  i^lftce  of  conveixcnct  of  the  amnion  and  reflecUnn  of  the  fklu  amnion,  a"  a",  or  ouciff  ** 
oonicouB  layer;  r,  the  bead  and  tmiik  of  the  embryo,  coiupcirine  tbe  piimltiTo  vertebra*  and  cenbiv 
ifjiDAl  axis;  t,  (,  tbi!  simple  Alimentary  canul  In  its  uppvr  and  lower  purtlonv;  th«  yolk-*r  i' 
ombilicul  vt«ic)e  ;  W,  the  vlttilUne  duct ;  u,  the  nllantoiA  connwted  by  •  pedicle  with  tiw  anal  puc^ 
tloo  of  theftltmentdTy  caii&l. 


4 


l)eing  connected  with  the  body  of  the  embryo  by  the  vitelline  duct.    ( 
279.)     The  vesicular  body  thus  formed  is  called  the  umbiUcj.il  ve^icU. 
at  first  communicates  with  the  intestinal  cavity,  but  as  development  prficeetl* 
the  duct  of  comnaiuication  becomes  close<l,and  the  vesicle  ia  merely  attacbetl 
by  a  j>edicle,  and  finally  disappears  altogetber.     At  the  time  of  the  develo 
ment  of  the   bloodvesflels,  vessels  appear  on  the  surface  of  the  umbi 
vesicle,  constituting  the  vascular  area,  the  chief  vessels  being  the  oi 
mesenteric  arteries  and  veins.     The  vessels  of  the  vosculnr  area  aJ 
nutritive  material  contained  witliin  the  vesicle  and  oooTey  it  to  tbe  emb 
for  its  sustenance. 
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^  875.  Shortly  aAer  the  occurrence  of  the  eommencemeot  of  the  formation 
of  the  umbilical  vesicle,  double  folds,  formed  of  (he  external  layer  of  the 
blafit<^Kterm«  are  given  otf  from  the  cephalic  and  caudal  extremities,  aud 
laterally,  which  curve  around  over  the  dorsal  surface  of  the  embryo,  where  they 
meet  and  coalesce,  and  their  point  of  junction  becoming  absorbed,  form  the 
amniotic  cavity.  (Figa.  279,  280,  281,  and  *282.)  The  outer  layer  of  the 
fold,  or  false  amnion,  gra^Iually  expands  and  covers  the  whole  of  the  internal 


a,  cborioD  withTilU.  TtaerlltlaroHhown  tobobeXdeyeloped  Id  tbo  p«r(  ot  the  chorion  tn  wblofa 
the allAntnlfilii extending:  this  portion  nltlniateljr  becomeK  the  plarenU.  b,  Kpace  between  the  two 
layon  of  the  amnlun  :  r.  Amniotic  cnvltr :  d.  situation  of  the  lutc«Uac.  Bbowlne  Ita  oriDneciton  wltb 
the  umUUctU  vealclt; ;  e,  uinbllk-al  veslt-lu;/,  Fltnatlon  of  bean  aud  vet^els;  g.  allaouls.  {AHer 
Toppand  BowAX.) 

surface  of  the  yitelline  membrane,  which  it  ultimately  replaces;  the  inner 
layer,  or  true  amnion,  is  continuous  with  the  skin  of  the  embryo  at  the 
umbilicus,  and  closely  envelops  it.  The  amniotic  cavity  or  sac  thus  formed 
becomeii  filled  with  the  liquor  nmnii,  which  gruduallv  increases  in  ouantity 
as  pregnancy  advances,  up  to  about  the  iiflli  or  sfxih  monll»,  when  the 
quantity  gradually  decreases  up  to  the  time  of  labor. 


Pro.  291. 


Fig.  28S. 


Froaax— DuaxAMOP  FcrtitDi.TCD  Eoo.    (AnerDALTOK.)   a,  umblUralTcslcIti  :  b, unnlotle  oavltx 
e,  AlUniote. 

Flo.  lACf  — FBCumATEti  Ego  wrra  ALtjiirToiB  hbamly  Cokplitb.  a,  inner  layer  of  amniotic  fold  ; 
t.  outer  layer  of  ditto:  e,  point  where  the  amnlotie  folds  cotne  In  contact.  Tbo  allantols  1ft  teen 
jienc'imting  between  the  onier  and  Inner  layen  of  the  smoloUc  foldr.  Tbli  ftgure,  which  reprcscota 
cioly  the  amniotic  foldn  and  (be  parti  within  them,  vboold  be  compared  with  FIgi.  280  and  2R1,  In 
which  will  be  found  the  riructnrea  external  to  then  Mda. 

§  876.  At  about  the  time  of  the  commencement  of  the  development  of  the 
amnion  a  new  organ,  the  a/Zun/oM,  appears  as  a  pyriform  mass  of  cells  at  a  point 
immediately  ])OBtcrior  to  the  vitelline  duct  and  projecting  through  the  same 
opening.     ( Fig.  282.)    This  mass  of  cells  undergoes  rapid  growtn,  spreading 
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itself  between  the  true  and  false  amniotic  folds,  finally  completely  eDcIoalng 
the  embryo  and  amnion  (Fig.  283),  becoming  at  the  same  time  ailjoiDed  lo 
the  falao  amnion,  when  it  is  developed  into  the  true  chormn.  I>iiring  tbe 
process  of  the  development  of  the  altautoiB,  it  haa  become  verv  vascular;  at 
nrst  there  are  two  arteries  and  two  veins,  aflerward  one  of  tLo  veins  disap- 
pears. These  vessels  constitute  the  umbilical  vessels,  forming  part  of  the 
umbilical  cord  which  connects  the  alUmtois  with  the  embryo.  During  the 
development  of  the  allautois  it  jiresents  three  distinct  anatomical  portions:  • 
portion  which  becomes  constricted  off,  as  it  were,  from  the  rest  and  forms  the 
urinary  bladder;  the  outer  portion  forms  the  chorion,  the  intermediate  por- 
tion forming  the  umbilical  cord. 


FlQ.  2S4. 


Fw.  a«5 


ne.  3M.— ENTiHB  lli!MAN  ov!iM  iif  KiGUTB  WEEK,  slxiovn  Uiicfl  III  Icii2(&  (Qot  recbooUic 
tnfti) :  tbc  surflice  of  the  cborlon  partly  smnotb  and  pnrtly  rendered  ihuKRT  by  tbe  irrowtii  of  Bif 

Fio.  2SS.— Portion  or  one  or  the  Fijo-ai.  Viixi,  About  lo  form  pulot  the  plAo^niA.  hlghtynjif 
nlfled.    n,  ii,  Itii  cellular  oorertog;  6,  b,  b,  Ita  looped  vesaels :  e.  e.  lis  basis  of  coaaeoilvu  Umut. 


During  the  development  of  the  embryo  up  to  this  time,  the  first  cliurioo 
was  formed  by  villosities  formed  on  the  vitelline. membrane;  and  following 
that  by  villosities  developed  upon  the  false  amnion.  The  allantois  iba 
becoming  developed,  conipletely  covers  the  internal  surface  of  the  falR 
araniou,  which  then  gradually  disappears  ns  a  distinct  structure.  The  (rw 
chorion  is  then  formed  by  the  allautois,  which  becomes  covered  by  n  grnwlb 
of  a  multitude  of  vascular  shaggy  tufts  or  viUi  (Fig.  284).  These  villi,  »t 
first,  are  distributed  over  the  entire  surface  of  the  organ,  but  they  soon  com- 
mence disappearing,  except  at  a  small  area  corresponding  to  the  attachmenl 
of  the  pedicle  whicn  connects  the  allantois  with  the  embryo.  At  this  jKiinl 
they  become  greatly  increased  in  number,  and  also  in  size  and  vascuUrilr. 
These  villi  are  composed  of  a  fibro-granular  matrix,  in  which  are  numeroos 
capillary  loops,  and  are  covered  with  a  layer  of  epithelial  cells  (Fig.  2^6). 
This  portion  of  the  chorion  forms  the  foetal  portion  of  the  placent«. 
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10  sooner,  however,  have  these  changes  begun  in  the  ovum  than  correla- 
tive changes,  brought  about  probably  by  reflex  action^  but  at  present  nirwt 
obscure  in  their  causation,  take  place  in  the  uterus.  The  mucoua  membrane 
of  this  organ,  whether  t]ie  coitus  resulting  in  impregnation  be  coincident 
with  a  menstrual  period  or  nut,  becomes  congested,  and  a  rapid  growth  takes 

f»lace,  characterized  by  ft  rapid  proliferation  of  the  epithelial  and  subepithe- 
ial  tissues.  Unlike  the  case  of  menstruation,  however,  this  new  growth  does 
not  give  way  to  immediate  decay  and  hemorrhage,  but  remains,  and  maybe 
distinguished  as  a  new  temporary  lining  to  the  uterus,  the  so-called  decidua. 
Into  this  deciduu  the  ovum,  on  ite  decent  from  the  Fallopian  tube,  in  which 
it  has  undergone  developmental  changes,  extending  most  probably  as  far,  at 
least,  as  the  formation  of  the  blastoderm,  if  not  further,  is  received  ;  and  in 
this  it  becomes  imbedded,  the  new  growth  closing  in  over  it.  (Figs.  280, 257.) 
Meanwhile  the  rest  of  the  uterine  structures,  especially  the  muscular  tissue, 
become  also  much  enlarged  ;  as  pregnancy  advances  a  large  number  of  new 
muscular  fibres  are  formed.  As  the  ovum  continues  to  increase  in  si/e.  it 
bulges  into  the  cavity  of  the  uterus,  carrying  with  it  the  portion  of  the 
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Flo.  387. 


Flo.  3M.— FiwT  9taok  qv  thk  Fokmation  or  tux  Dbudua  Rkplkxa  ARocyn  tiik  Oxtn. 
Flo.  387.— UoM  Advavckd  Btaqk  or  Dbodva  Ukwuzxa. 

decidua  which  has  closed  over  it.  Henceforward,  accordingly,  a  distinction 
is  made  in  the  now  well-fleveloped  decidua  between  the  decidua  refiexa^  or 
that  part  of  the  membrane  which  covers  the  projecting  ovum,  and  the 
decidua  vera,  or  the  rest  of  the  membrane  lining  the  cavity  of  the  uterus, 
the  two  being  continuous  around  the  base  of  the  projecting  ovum.  That  part 
of  the  decidua  which  intervenes  between  the  ovum  and  the  nearest  uteriue 
wall  is  frequently  spoken  of  as  the  decidua  serotina.  As  the  ovum  develops 
into  the  icetus  with  its  membranes,  the  deciduu  reflexa  l>ecorae8  pushed 
against  the  decidua  vera;  about  the  end  of  the  third  month,  in  the  human 
subject,  (he  two  come  into  complete  contact  all  over,  and  ultimately  the  dis- 
tinction between  them  is  lost.  In  the  region  of  the  decidua  aerotiua,  the 
allantoic  vessels  of  the  foitus  develop  a  placenta. 

i)  877.  In  the  earliest  stages  of  the  development  of  the  placenta,  the  delicate 
villous  processes  of  the  chori(m  insinuate  themselves  into  the  hyperirophied 
follicles  of  the  deciduu  serotinu.  The  villi  then  undergo  a  rapid  increase  in 
size  and  vascularity,  becoming  branched  into  secondary  and  tertiary  ramilica- 
tions  ;  while,  at  the  same  time,  corresponding  changes  are  taking  place  in  the 
follicles,  by  which  they  become  greatly  increaseil  in  size  and  vascularity,  and 
at  the  same  time  formingdiverticulu  in  which  are  imbedded  the  ramifications 
of  the  villi.  The  villi  and  follicles  thus  urow  simultaneously,  and  finally 
become  blended  with  each  other  and  are  no  longer  sopnrute  structures.  The 
follicular  bloodvessele  first  form  capillary  plexuses;  these  veeaels,  however. 
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become  eularged,  forming  frequent  anastomnses,  and  finally  coalescing 
form  veiwus  »imi$es  (Fig.  2SS),  iu  which  are  bathed  the  fcetal  villi.     Tbei 


710.288. 


Section  of  a  Poutiom  of  a  folly  Koiimkd  Pucksta,  with  the  pAtt  nf  lUe  uteroe  to  which  U  h 
attached,  a,  umbilio&l  oord ;  b.  b.  secUon  of  uioraa^sbonrlng  the  venom  KlnusM ;  c,  o.  c,  hraiiolMirf 
the  umbf  Uoal  reflsels ;  d,  d,  curling  artcrle?  of  the  uteros. 

no  continuily  established  betweeu  the  maternal  and  fmtal  bl(X>d  ;  the  inter- 
change of  nutritive  material  necessary  for  the  growth  and  development  of 
the  fcQtus  takes  place  through  the  delicate  walls  of  the  villi.] 

For  further  account  of  the  various  changes  by  which  the«e  events 
brought  about,  as  well  as  of  the  history  of  the  embryo  itself,  we  must 
the  reader  to  anatomical  treatises. 


CHAPTER   IV. 


THE  NUTRITION  OF  THIC  EMBRYO. 

5  87S.  DURING  the  develo|>ment  of  the  chick  within  the  hen  a  egg  the 
nutrilive  material  uo(^<lt'<l  for  ihe  j^rowlh  tirat  nf  the  blastoderm,  and  subse- 
quently of  the  embryo,  is  supplied  by  the  yolk,  while  the  oxygen  of  the  air 
passing  freely  through  the  porous  iihell.  gains  access  to  all  the  tissues  both  of 
the  embryo  and  the  yolk,  either  directly  or  by  the  intervention  of  the  alhin- 
toic  vessels.  The  tiiammalian  embryo,  during  the  period  which  precedes  the 
extension  of  the  iiUautoic  vessels  into  the  cavities  of  the  uterine  walla  to 
form  the  placenta,  must  be  nourished  by  direct  ditiTusion,  first  from  the  c^u- 
tent«  of  the  Fallopian  tube  and  subitequeutly  from  the  decidua ;  and  ita 
supply  of  oxygen  must  come  from  the  same  sources.  All  analogy  would 
lead  us  to  suppose  that,  from  the  very  tirst,  oxidation  is  going  on  in  the  bias- 
todermic  and  embryonic  structures;  but  the  amount  of  oxygen  actually 
withdrawn  from  without  is  probably  exceedingly  small  in  the  early  stages, 
seeing  that  nearly  the  whole  energy  of  the  metabolism  going  on  is  directed 
to  the  building  up  of  structures,  the  expenditure  of  energy  in  the  form  of 
either  hent  or  external  work  being  extremely  small.  The  marked  increase 
of  bulk  which  takes  place  during  the  conversion  of  the  ranlberry  mass  into 
the  blastodermic  vesicle,  shows  that  at  this  epoch  a  relatively  speaking  large 
quantity  of  water  at  least,  and  pr<ibably  of  nutritive  matter,  must  pass  from 
without  into  the  ovum  ;  and  subsecjiiently,  though  the  blastoderm  ftnd  embryo 
inny  for  some  time  draw  the  material  for  their  contiuueil  construction  at  tirst 
hand  fn»m  the  yolk-sac  or  umbilical  vesicle,  bitih  lliisiiud  they  couiinue  prob- 
ably until  the  allantois  is  formed  to  receive  freafa  material  from  the  mother 
by  direct  diH'uf^ion. 

S  879.  As  the  thin-walled  allantoic  vessels  come  into  closer  and  fuller  con- 
nection with  the  maternal  uterine  sinuses,  until  at  last  in  the  fully  formed 
placenta  the  former  arc  freely  bathed  in  the  blood  streaming  through  the 
latter,  the  nutrition  of  the  embryo  becomes  more  and  more  confined  to  thta 
special  channel.  The  blood  of  the  fwtus  flowing  along  the  umbilical  arteries 
effects  exchanges  with  the  venous  blood  of  the  mother,  and  leaves  the  placenta 
by  the  umbilical  vein  richer  in  oxygen  and  nutritive  material  and  poorer  in 
carbonic  acid  and  excretory  products  than  when  it  issued  from  the  foetus. 

As  far  as  the  gain  of  oxygen  and  the  toss  of  carbonic  acid  are  concerned 
ibeee  are  the  results  of  simple  dittuston.  Venous  blfK>d,  as  we  have  already 
•een,  always  contains  a  quantity  of  oxy -haemoglobin,  and  the  quantity  of  thu 
Babetance  present  in  the  blood  of  Ibe  uterine  veins  is  sulficient  to  supply  all 
the  oxygen  that  the  embryo  nee<Is ;  the  blood  of  the  foetus,  containing  less 
oxygen  than  even  the  venous  blood  of  the  mother,  will  take  up  a  certain 
though  small  quantity.  The  foetal  blood  travelling  in  the  umbilical  artery 
must,  in  proportion  to  the  extent  of  the  nutritive  changes  going  on  in  the 
embryo,  |>o6seas  a  higher  carbonic  tension  than  that  in  the  umbilical  vein  or 
uterine  sinus;  and  by  diffusion  got«  rid  of  this  surplus  during  its  stay  iu  the 
placenta.  The  blood  iu  the  umbilical  arteries  and  veins  is,  therefore,  rela- 
tively speakintr,  venous  and  arterial  respectively,  though  the  small  excess  of 
oxy-hsemoglobin  in  the  blood  of  the  umbilical  vein  is  insufficient  to  give  it  a 
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di&lint'tly  arterial  color,  or  to  diatinguiah  it  us  eharply  from  the  more  v«doqi 
blood  ol'  the  umbilical  artery,  as  is  ordinary  arterial  from  ordin&rT  vetiOQI 
blood.  Thus,  the  fcetus  breathes  by  means  of  the  maternal  blood,  in  the 
same  way  that  a  iibh  breathes  by  lueuue  of  the  water  in  which  it  dwella. 

The  blomi  of  the  foetus  is  very  poor  in  hseraoglobin  corresponding  to  iti 
low  oxygen  consumption.  When  the  mother  is  aaphyxiatea,  the  fa-tus  is 
asphyxiated  to<>,  the  oxygen  of  the  latter  passing  back  again  into  the  blood 
of  the  former;  aiid  the  uephyxia  thus  produced  in  the  Ketus  is  much 
rapid  than  that  which  results  when  the  oxygen  is  used  up  by  the  tissui 
the  faHus  alone,  as  when  the  umbilicus  is  ligatured  and  the  foetuft  not  all 
to  breathe. 

If  oxygen  and  carbonic  acid  thus  pass  by  diffusion  to  and  from  the  mntfaer 
and  the  fcetus,  one  might  fairly  expect  that  diffusible  salts,  proteids,  and  cw- 
bohydrates  would  be  conveyed  to  the  latter,  and  diffusible  excrotions  carried 
away  to  the  former,  in  the  same  way;  and  if  fata  can  pass  directly  into  lie 
portal  blood  during  oriiioary  digestion,  there  can  be  no  reason  for  doubting 
that  this  class  (>f  food-sitiffs  also  would  find  its  way  to  the  ffetiis  through  the 
placental  structures.  We  do  know  from  experiment  that  diHueible  subeCADCO 
will  pat>H  both  from  the  mother  to  the  fietus,  and  from  the  fiptus  to  the 
mother  ;  but  we  have  no  definite  knowledge  oa  to  the  exact  form  and  mauoCT 
in  which,  during  normal  intrauterine  life,  nutritive  materiale  are  conveyed 
to  or  excretions  conveyed  from  the  growing  young.  The  placenta  is  remark- 
able for  the  great  development  of  cellular  structures,  apparently  of  an  epi- 
thelial nature,  on  the  border-land  between  the  maternal  and  foetal  elemenu: 
and  it  has  been  suggested  that  these  form  a  temporary  digestive  and  secretorr 
fexcretory)  organ.  But  we  have  no  exact  knowledge  of  what  actually  dtn* 
take  place  in  these  structures.  From  the  cotyledons  of  ruminants  mar  he 
obtained  a  white  creamy-looking  tluid.  which  from  many  features  of  in 
chemical  composititm  might  be  almost  spoken  of  as  a  "  uterine  milk." 

Speaking  bnmdiy,  the  ftptus  lives  on  the  blood  of  its  mother,  very  mucJi 
in  the  same  w  tty  as  all  the  tissues  of  any  animal  live  on  the  blood  of  tin 
body  of  which  they  are  the  parts. 

§  880.  For  a  long  time  all  the  embryonic  (issues  are  ''protoplasmic"  ui 
character ;  that  is,  thn  gradually  diflferentiiiting  felementa  of  the  several  tiMua 
remain  still  imbedded,  ^o  to  speak,  in  undifferentiated  protoplasm  ;  and  dur- 
ing this  period  there  must  be  a  general  similarity  in  the  metalxdism  going oo 
in  various  parts  of  the  body.  As  differentiation  becomes  more  and  mort 
marked,  it  obviously  would  be  an  economical  advantage  fi»r  partially  elah' 
orated  material  to  be  stored  up  in  various  fcetal  tissues,  so  as  to  he  ready  for 
immediate  use  when  a  demand  arose  for  it,  rather  than  for  a  special  call  to  he 
made  at  each  occasion  upon  the  mother  for  comparatively  raw  material  need- 
ing subsequent  preparatory  change*.  Accordingly,  we  find  the  tissues  of  the 
foetus  at  a  very  early  period  loaded  with  glycogen.  The  mu8cle«  are  especitllj 
rich  in  this  substance,  but  it  occurs  in  other  tissues  as  well.  The  ahundaoce 
of  it  in  the  former  may  be  explained  partly  by  the  fact  that  they  form  a  verr 
large  projmrtiuu  of  the  total  mass  of  the  fa'tal  Ixxly,  and  partly  by  the  fart 
that,  while  during  the  presence  of  the  glycogen  they  contain  much  undifie^ 
entiated  protoplasm,  they  are  exactly  the  organs  which  will  uitiamtelr 
undergo  a  large  amount  of  differentiation,  and,  therefore,  need  a  large  amount 
of  material  for  the  metabolism  which  the  differentiation  entails.  It  m  doi 
until  the  later  stages  of  intra-uterine  life,  at  about  the  fit^h  month,  wbra  it 
is  largely  disappearing  from  the  muscles,  that  the  glycogen  begins  to  be 
deposited  in  the  liver.  By  this  time  histological  differentiation  hnsadysnced 
largely,  and  the  use  of  the  glycogen  to  the  economy  has  become  that  to 
which  it  is  put  in  the  ordinary  life  of  the  animal;  hence,  we  find  it  depoeited 
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in  the  nsunl  place.  Besiiies  bein|r  present  in  the  icetal,  glycogen  is  found  also 
in  the  |>lacental  structures  ;  but  here  probably  it  is  of  use,  not  for  the  Itptug, 
but  for  the  uvitrition  and  growth  of  the  placental  structures  themselves.  We 
do  not  know  how  much  c^arbohydrste  luaterial  fiuda  ita  way  into  the  umbilical 
vein ;  and  we  cannot,  therefore,  state  what  is  the  source  of  the  foetal  glycogen  ; 
but  it  is  at  least  possible,  not  to  say  probable,  that  it  arises,  in  part  at  all 
eventa.  from  a  aplittiug  up  of  proteid  niuterial. 

§  881.  Concerning  tne  rise  and  developmeut  of  the  functional  activities  of 
the  embryo,  our  knowledge  is  almost  a  blank.  We  know  scarcely  anything 
about  the  various  ste()8  by  which  the  primary  fundamental  qualities  of  the 
protoplasm  of  the  ovum  are  difierentiated  into  the  complex  phenomena  which 
wp  have  attempted  in  this  book  to  expound.  We  can  hardly  state  more 
than  that  while  nniacular  contractility  becomes  earh  developed,  and  the 
heart  probably,  as  in  the  chick,  beats  even  lK>fore  the  b1u<xl-eorpuscles  are 
formed,  movements  of  the  fVetus  do  not,  in  the  human  subject,  become  pro- 
nounced until  after  the  fifth  mc^nth  ;  from  that  time  forward  ther  increase 
and  subsequently  become  very  marked.  They  arc  often  spoken  oi  aar  pflex 
in  character;  hut  ouiy  a  preconceived  bias  would  prevent  them  from  being 
regarded  as  largely  automatic.  The  digestive  functions  are  naturally,  in 
the  alwence  of  all  food  fron>  the  alimentary  canal,  in  al>eyance.  Though 
pepein  may  be  found  in  the  gastric  membrane  at  about  the  fourth  month,  it 
IB  doutf'ul  whether  a  truly  peptic  gastric  juice  is  secreted  during  intra- 
uterine life;  try|»in  appears  in  the  pancreaa  somewhat  later,  but  an  amylo- 
lylic  ferment  eannnt  be  obtained  from  that  orgau  till  after  birth.  The  date, 
however,  at  which  these  several  ferments  make  their  appearance  in  the  em- 
bryo apjiears  to  differ  in  different  animals.  The  excretory  functions  of  the 
liver  are  developed  earty,  and  ahout  the  third  month  bile  pigment  and  bile 
salts  find  their  way  into  the  intestines.  The  quantity  of  bile  secreted  during 
intra-uterine  life,  accumulates  in  the  intestine  and  especially  in  the  rectum, 
forming,  together  with  the  smaller  secretion  of  the  rest  of  the  canal,  and 
some  desquamated  epitheliunu  the  so-called  meconium.  Bile  salts,  both  un- 
altered and  variously  changed,  the  usual  bile  pigmentft,  and  cholesterin,  are 
all  present  in  the  meconium.  The  distinct  formation  of  bile  is  an  indication 
that  the  products  of  footal  metabolism  arc  no  longer  wholly  carried  ofi  by 
the  maternal  circulation  ;  and  to  the  excretory  function  of  the  liver  there 
are  now  added  tlii;«e  of  the  skin  and  kidney.  The  substances  escaping  by 
these  organs  find  their  way  into  the  allantois  or  into  the  amnion,  according 
to  the  arrangement  of  the  fcctal  membranes  in  different  classes  of  animals; 
in  both  thcf^c  fluids  urea  or  allied  bodies  have  been  found  aa  well  aa  the 
ordinary  saline  constituents;  the  latter  may  or  may  not  have  been  actually 
secreted.  From  the  allantoic  fluid  of  ruminants  the  body  allantoin  has 
been  obtjiined.  and  human  and  other  amniotic  fluids  have  l)**cn  found  to  con- 
tain urea.  It  is  niaintuined  by  some,  however,  that  the  fluid  in  the  amnion 
is  secreted  by  the  mother  and  that  hence  the  substances  present  in  it  are  of 
maternal  origin. 

t;  882.  About  the  middle  of  iutra-uterine  life,  when  the  fcetal  circulation 
[Tig.  *ii^l*]  is  in  full  development,  the  blood  flowing  along  the  umbilical  vein  is 
carried  chiefly  by  the  ductus  venosue  into  the  inferior  vena  cava  and  so  into 
the  right  auricle.  Thence  it  is  directed  by  the  valve  of  Eustachius  through 
the  foramen  ovale  into  the  left  auricle,  passing  from  which  into  the  left  ven- 
tricle it  is  driven  into  the  aorta.  Part  of  the  umbilical  blooil,  however, 
instead  of  passing  directly  to  the  inferior  cava,  enters  by  the  portal  vein  into 
the  he|>atic  circulation,  from  which  it  returns  to  the  inferior  cava  by  the 
hepatic  veins.  The  inferior  cava  also  contains  blm>d  coming  from  the  lower 
limbs  and  lower  trunk.     Hence  the  blood  which  passing  from  the  right 
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the  descending  aorta,  aod  together  witli  some  of  the  blood  passing 

ini  the  left  ventricle  aruuiid  the  anrlic  «rcli  fhllts  into  the  umbilical  arteries 
and  so  reaches  the  placenta.  The  I'nRtal  fireulation  then  is  so  arranged  that 
while  the  most  diatiuftly  veuous  bUmd  i»  driven  by  the  right  ventricle  back 
to  the  placenta  to  be  oxygenated,  the  moat  distinctly  arterial  (but  still  mixed) 
blood  is  driven  by  the  lefl  ventricle  to  the  cerebral  structures,  which  have 
more  need  of  oxygon  than  have  the  other  tissues.  Contrary  to  what  takes 
place  afterward,  the  work  of  the  right  ventricle  is  in  the  foetus  greater  than 
that  of  the  left ;  and,  accordingly,  that  greater  thickness  of  the  left  ven- 
tricular walls,  su  chnracteristic  of  the  adult,  does  not  l)econ]e  marked  until 
close  u[)on  birth. 

Ill  the  later  sUgea  of  pregnancy  the  mixture  of  the  various  kinds  of  blood 
in  the  right  auricle  increases  preparatory  to  tlie  changes  taking  place  at 
birth.  But  during  the  whole  time  of  intra-uterine  life  the  amount  of  oxygen 
in  the  blood  paesing  from  the  aortic  arch  to  the  mwhilla  oblongata  is  sutfi- 
cient  to  prevent  any  inspiratory  impulses  being  originated  in  the  medullary 
respiratory  centre.  This  during  the  whole  period  elapsing  between  the  date 
of  us  structural  e^tabliahnienl.  or  rather  the  consequent  full  development  of 
its  irritability,  and  the  epoch  of  birth,  remains  dormant ;  the  oxygen  supply 
to  the  protoplasm  of  its  nerve-cells  ia  never  brought  so  low  as  to  set  going 
the  respiratory  molecular  explosions.  As  soon,  however,  as  the  intercourse 
between  the  maternal  and  umbilical  blood  is  interrupted  by  separation  of 
the  placenta  or  by  ligature  of  the  umbilical  cord,  or  when,  as  by  the  death 
of  the  mother,  the  umbilical  blood  ceases  to  be  repleni(>lied  with  oxygen  by 
the  maternal  hliwd,  or  when  in  any  other  way  blood  of  gufficientlv  arterial 
quality  ceases  to  find  its  way  by  the  left  ventricle  to  the  medulla  oblongata, 
the  supply  of  oxygen  in  the  rp>?piratory  centre  sinks,  and  when  the  fall  has 
reached  a  certain  point  an  impulse  of  inspiration  is  generated  and  the  foetus 
for  the  first  time  brejithes.  This  action  of  the  restpiratory  centre  may  be 
assisted  by  adjuvant  impulses  reaching  the  centre  along  various  aH'erent 
nerves,  such  as  thrjse  started  by  exposure  of  the  body  to  the  air,  or  to  cold; 
but  these  are  subordinate,  not  essential.  A  retarded  first  breath  may  be 
hurried  on  by  dashing  water  on  the  face  of  the  newborn  infant;  but  on  the 
other  hanil,  the  fcetus,  upon  the  cessation  of  the  placental  circulation,  will 
make  its  first  respiratory  movements  while  it  is  still  invested  with  the  intact 
membranes  and  thus  sheltered  from  the  air  and  indeed  from  all  external 
stimuli. 

§  883.  Before  this  first  breath  is  taken  the  jjulmonary  alveoli  contain  no  air, 
mnd  the  lungs  when  thrown  into  water  sink  at  (ince;  they  are  then  said  to  be 
"atelectatic."  After  the  first  breath,  the  alveoli  contam  air  and  the  lungs 
float  when  thrown  into  water.  A  striking  difierence,  however,  exists  between 
the  lungs  of  a  newborn  infant  and  those  of  an  i)lder  person.  When  the 
pleural  cavity  of  the  former  is  opened,  (he  lungs  do  not  collapse,  no  air  is 
driven  out  by  the  trachea;  that  partial  distention  of  the  lunge,  and  negative 
thoracic  pressure,  api)ears  not  to  be  established  immediately  upon  birth.  That 
portion  of  the  residual  air  in  the  lungs  of  the  adult,  which  remaining  after 
the  most  forcible  expiration,  is  still  <lriven  frt>m  the  lungs  upon  the  pleural 
CJivity  being  laid  open,  and  which  might  be  called  '*  collapse  air,"  is  wanting 
in  the  newborn  infant.  When  the  change  from  one  condition  to  the  other 
is  effected  is  not  at  present  known  ;  it  may  possibly  arise  from  the  growth  of 
the  chest  outstripping  that  of  the  lungs. 

When  the  first  breath  is  taken,  as  under  normal  circumstanoes  it  is,  with 
free  access  to  the  atmosphere,  the  lungs  become  filled  with  air,  the  scanty 
supply  of  bloo<l  which  at  the  moment  was  passing  from  the  right  ventricle 
along  the  pulmonary  artery  returns  to  the  left  auricle  brighter  and  richer 
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in  oxygen  than  ever  was  the  fcetal  blood  before.  With  the  diminution 
resistance  in  tlie  pulmonary  circulation  caused  by  the  expansion  of  the  ihorM, 
a  larger  supply  of  blood  paat^es  into  the  pulmonary  artery  instead  of  into 
the  ductus  arteriosus,  and  this  derivation  of  the  contents  of  the  right  ven- 
tricle increasing  with  the  continued  respiratory  movements,  the  current 
through  the  initer  canal  at  last  ceases  nkogetlier,  and  its  channel  shortly 
after  birth  becomes  obliterated.  Corresponding  to  the  greater  flow  into  the 
pulnnmary  artery,  a  larger  uud  larger  quantity  of  blood  returns  from  the 
pulmonary  veins  inio  the  left  auricle.  At  the  same  time  the  current  through 
the  ductus  venosus  from  the  umbilical  vein  having  ceased,  the  tlow  from  lie 
inferior  cava  has  diminished;  and  the  blood  of  the  right  auricle  finding 
little  resistance  in  the  direction  of  the  ventricle,  which  now  readily  di* 
charges  its  contents  into  the  pulmonary  artery,  but  tinding  in  the  left  auricle 
which  is  continually  being  Hllcd  from  the  lungs,  an  obstacle  to  its  p&!«agi 
through  the  foramen  ovale,  ceases  to  take  that  course.  Any  return  of  btootj 
from  the  now  vigorous  and  active  left  auricle  into  the  right  auricle  i*  pre 
vented  Hy  the  valve  which,  during  the  latter  stages  of  intra- uterine  life,  bad 
beeu  growing  up  in  the  left  auricle  over  the  foramen  ovale.  At  birth  tbi 
edge  of  this  valve  is  to  a  certain  extent  free  so  that,  in  case  of  an  emergency 
as  when  the  pulmonary  circulation  is  obstructed,  a  direct  escape  of  bloot 
into  the  left  auricle  from  the  over-burdened  right  auricle  can  take  plan 
Eventually,  in  the  course  of  the  first  year,  adhesion  takes  plaoe^  amd  thi 
separation  of  the  two  auricles  becomes  complete.  With  its  larger  supplj 
of  blood  and  greater  work  the  lefl  ventricle  ncquires  the  greater  thicknea 
characteristic  of  it  during  life.  Thus  the  fcetal  circulation,  in  consequeaa 
of  the  respiratory  movements  to  which  it^  interruption  gives  rise,  changetit 
course  into  that  characteristic  of  the  adult. 


CHAPTER  V. 


PARTURITION. 


ii  884.  Is  spite  of  the  increasing  distention  of  its  cavity,  the  uterus  remains 
quiescent,  as  far  as  any  marke^l  mue^culnr  contractions  are  concerned,  until 
a  certain  time  has  been  run.  In  the  hiimun  subject  the  [>eriotl  of  gestation 
generally  lasts  from  '275  to  280  days,  i.e.,  about  40  w<*eks,  the  general 
custuui  being  to  ex[>ect  parturttiun  at  about  280  days  from  the  last  menstru- 
ation. Seeing  that  in  many  cases  it  is  uncertain  whether  tlie  ovum  which 
develops  into  the  embryo  left  the  ovary  at  the  menstruation  preceding  or 
8uccce<ling  coitus,  or,  as  some  have  urged,  independent  of  luenstruaUou,  by 
reason  of  the  coitus  iti*eif,  an  exact  determination  of  the  duration  of  preg- 
nancy is  impossible. 

lu  the  oow  the  period  of  uestalion  is  about  2S*>  days,  in  the  mare  about  350, 
sheep  about  150  days,  dog  about  00  days,  rabbit  about  30  days. 

§  885.  The  extrusion  of  the  foetus  is  brought  about,  partly  by  rhythmical 
ooatractions  of  the  uterus  tt^ielf  and  partv  by  a  pressure  exerteil  by  the  con- 
traction of  the  abdominal  muscles,  similar  to  that  described  in  defecation. 
The  contractions  of  the  uterus  are  the  first  to  appear,  and  their  first  effect  is 
to  hr'iu^  about  a  dilatation  of  the  os  uteri ;  it  is  not  till  the  later  stages  of 
labor,  while  the  foetus  is  passing  into  the  vagina,  that  the  abdominal  muscles 
are  brought  into  play. 

§  886-  The  whole  process  of  parturition  mav  be  broadly  considered  a  reflex 
act,  the  nervous  centre  being  placed  in  the  lumbar  cord.  In  a  dog,  whose 
dorsal  cord  "had  been  completely  severed,  parturition  took  place  as  usual ;  and 
the  fact  that,  in  the  human  subject,  labor  will  progre*^  quite  naturally  while 
the  patient  ia  uncousciuus  from  the  administration  of  chloroform,  shows  that 
in  woman  also  the  whole  matter  is  an  involuntary  action,  however  much  it 
may  be  assisted  by  direct  volitional  etVorts.  That  the  uterus  is  capable  of 
being  thrown  into  contractions  through  reHex  action,  excited  by  stimuli  applied 
to  various  atfcrcnt  nerves,  is  well  known.  The  contraction  of  the  uterus, 
which  is  BO  necessary  for  the  prevention  of  hemorrhage  after  delivery,  may 
fretjuently  be  brought  about  by  exerting  pressure  or  by  dashing  cold  water 
on  the  abdomen,  by  the  iutrrMluction  of  foreign  bodies  into  the  vagina,  and 
especially  by  putting  the  child  to  the  nipple.  And  we  learn  from  experi- 
ments on  animals  that  rhythmic  contractions  of  the  uterus,  resembling  at 
least  those  of  parturiti4tu.  may  be  brought  about  in  a  reflex  manner  by  stimu- 
lating various  afferent  nerves.  Similar  movements  may  be  induced  by  direct 
stimulation  of  the  spinal  cord  along  its  whole  length,  as  well  aa  of  various 
parts  of  the  brain  ;  out  there  are  reasons  for  thinking  that  in  these  cases  the 
impulses  started  in  the  brain  and  upper  part  of  the  spinal  cord  produce  their 
eflect^  by  working  upon  what  mav  he  called  a  "  parinrition"  centre  in  the 
upper  lumbar  regions  of  the  cord.  And  it  would  appear  that  the  uterine 
contractions  which  are  iuduceil  by  such  drugs  as  ergot,  as  well  as  those  caused 
by  asphyxia,  are,  at  all  events  in  part,  brought  about  by  the  agency  of  the 
same  lumbar  centre.  From  this  centre  the  paths  for  the  etferent  impulses 
appear  (in  the  dog)  to  be  twofold ;  one  along  sympathetic  tracts,  by  ucrvea 
passing  from  the  inferior  mesenteric  ganglion  to  the  hypogastric  plexus,  and 
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the  other  along  spinal  tracte  by  branches  of  the  sacral  nerves  to  the  a 
plexus.  It  is  stated  that  the  characters  of*  the  movements  induced  by  sti 
lating  these  two  tracts  are  somewhat  different,  and  moreover  that  the  sympi? 
thetic  tract  is  va-so  constrictor  and  the  spinal  tract  va^o-dilator  in  nature; 
but  the  matter  has  not  yet  been  fully  worked  out. 

§  887.  We  are,  however^  luirdly  justified  in  considering  the  rhythmical  con- 
tractions of  the  uterus  during  parturiliou  as  simple  reflex  acts  excited  by  lh« 
presence  of  the  foetus.  We  are  utterly  in  the  dark  as  to  why  the  uterus^  after 
remaining  af)])arfntly  ]K.'rfeetly  ijuiescent  (or  with  contractions  so  slight  as  to 
be  with  difficulty  appreciated)  for  months,  is  suddenly  thrown  into  action,  and 
withiu  it  may  be  for  a  few  hours  or  even  lees  gets  rid  of  the  burden  it  hti 
borne  with  such  tolerance  for  so  long  a  time ;  none  of  the  various  hypolh 
which  have  been  put  forward  can  be  considered  as  satis&ctory.  And  u 
we  know  what  starts  the  active  phaae,  we  shall  remain  in  ignorance  of 
exact  manner  in  which  the  activity  is  brought  about.  The  peculiar  rhythmic 
character  of  the  contractions,  each  **  pain  "  begiuniug  feebly,  riaiug  to  a  max* 
imunif  then  deeliuing,  and  tinally  dying  away  altogether,  to  be  succeeded 
after  a  pause  by  a  similar  pain  just  like  itself,  pain  following  pain  like  tl»« 
tardy  long-drawn  beats  of  a  slowlv  boating  heart,  suggests  that  the  cauw  of 
the  rhytbmic  contraction  is  seated,  like  that  of  the  rhythmic  beat  of 
heart,  in  the  orgaji  itself.  And  this  view  is  supported  by  the  fact  that 
tractions  of  the  uterus  .simihir  to  those  of  parturition  have  been  observed 
animals  even  after  c<m)plete  destruction  of  the  spinal  cord;  and  the  mo 
meuls  induced  by  asphyxia  seem  in  part,  and  thoac  caused  by  some  drug« 
Buch  as  ammonia,  seem  to  l)e  wholly  due  to  an  intrinsic  action  of  the  ut 
itself.  Nevertheless,  general  cvideuce  supports  the  conclusion  that,  in  a  nor 
state  of  things  at  all  events,  the  contractions  of  the  uterus,  like  those  of 
lymph-hearts,  are  largely  de[)endent  on  the  spinal  cord. 

The  occurrence  of  contractions  in  consoquenceof  an  asphyxiated  condi 
of  the  blood  explains  why,  when  pregnant  animals  are  asphyxiated,  an  ex 
truaion  of  the  fcptus  freijuently  takes  place.  There  is  no  evidence^  how«v«f, 
that  the  onset  of  labor  is  caused  by  a  gradual  diminution  of  oxygen  in  the 
blood,  reaching  at  last  to  a  climax.  Nor  are  there  sufhcient  factfi  to  con 
parturition  with  any  condition  of  the  ovary  resembling  that  of  nienstruati 

The  action  of  the  abdominal  muscles  in  parturition  is,  on  the  other 
obviously  a  reflex  act  carried  fmt  by  means  of  the  spinal  cord,  the  n 
siimulua  being  supplied  by  the  pressure  of  the  fietus  in  the  vagina  or  by  thf 
contraction  of  the  uterus.     Hence  the  whole  act  of  parturition  uiav  witb 
reason  he  considered  as  a  reflex  one. 

Whether  it  be  wholly  a  reflex  or  partly  an  automatic  one,  the  act 
readily  be  inhibited  by  the  action  of  the  central  nervous  system 
emotions  are  a  very  frequent  cause  of  the  progress  of  jmrturition  being 
denly  stopped ;  as  is  well  known,  the  entrance  into  the  bednxim  of  a  si 
oflen  causes  for  a  time  the  sudden  and  absolute  cessation  of  "  lal>or**  pai 
which  previously  may  have  been  even  violent.     Judging  from  the  analogy 
of  micturition,  between  which  and  parturition   there  are  many  point? 
reflemblance,  we  may  suppose  that  this  inhibition  of  uterine  coutractioM 
brought  about  by  an  inhibition  of  the  centre  in  the  lumbar  cord. 

§  888.  Af^er  the  expulsion  of  the  fcetus,  the  foetal  placenta  separates  froi 
the  uterine  walls,  and  is,  together  with  the  remnants  of  the  membranes,  ex 
f>ellefl  after  it.    The  uterus  then  falls  into  a  firm  tonic  contraction  rtimiUr 
that  of  the  emptied  bladder,  by  which  means  hemorrhage  from  the  vi 
torn  by  the  eeparatitm  of  (ho  placenta  is  avoided.     The  liniug  memhmM 
the  uteru.-^  is  gradually  restored,  the  muscular  elements  are   reduced  hv 
rapid  fatty  degeneration,  and  in  a  short  time  the  whole  organ  has  returt) 
to  its  normal  condition. 
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THE  PHASES  OF  LIFE. 

§  889.  The  child  has  at  birth,  on  an  averftge,  rather  leas  than  one-third 
the  ii]a.\iuium  length,  and  iibtjut  one-tweutieth  the  maximum  weight,  to 
which  in  future  yenFB  it  will  attaiu. 

The  curapoflition  of  the  body  of  the  uewbom  babe,  as  compared  with  that 
of  the  Hilult,  wili  be  seeu  frutu  the  following  table,  iu  which  the  details  are 
more  full  than  those  given  on  p.  628 : 


Weight  of  organ  In  peroenuge 
"  body-wQlght. 


of 


Newborn  batte 

Eye 

.     iViS 

llraio 

.  14.H4 

Kidneys 

.    0.88 

SkiD         . 

.  11.3 

Liver 

.    4.3d 

Heart     . 

.    ti.sy 

Stomach  and 

intestine  .    2.53 

Lun^    ■ 

.     2.16 

Hkeletou 

.   10.7 

Mui^cle»,  etc. 

.  23.4 

Testicle  . 

.    0.037 

AdulC. 

0.02H 

2.37 

048 

6.3 

2.77 

0.52 

2.34 

2.01 

15.35 

43.1 
0.8 


Welelit  of  or^au  In 

adiut,  tu  oomTwred 

with  that  of  newborn 

babe  taken  5a1. 

1.7 

3.7 
12 
12 
13.6 
15 
20 
20 
26 
28 
60 


It  will  be  observed  that  the  brain  and  eyes  are,  relatively  to  the  whole 
body-weight,  very  much  larger  iu  the  babe  thun  in  the  udult,  as  U  also, 
though  to  a  less  extent,  the  liver.  This  diapropnrtiou  is  a  very  marked  em- 
bryonic feature,  and,  as  far  as  the  brain  and  eye  are  concerned  at  least,  has 
B  morphological  or  phylogenic,  as  well  as  a  physiological  or  teleological,  sig- 
nificance. Inasmuch  as  the  smaller  boiiy  has  relatively  the  larger  surface, 
the  skin  is  naturally  pnipnrtionately  greater  iu  the  babe.  It  is  chiefly  by  the 
accumulation  of  muscle  or  flesh,  properly  so-called,  that  the  child  acouirea 
the  bulk  and  weight  of  man,  the  skeletal  fnimework,  in  spite  of  its  being 
specifically  lighter  in  its  earlier  cartilaginous  condition,  maintaining  through- 
out  life  about  the  same  relative  weight. 

<i  890.  The  increase  in  stature  is  very  rapid  in  early  infancy,  proceeding, 
however,  by  decreasing  increments.  During  or  shortly  before  puberty,  there 
is  again  a  somewhat  sudden  rise,  with  a  subsequent  more  steady  but  dimin- 
ishing increase  up  to  about  the  twenty-fifth  year.  From  thence  to  about  fifty 
years  of  age  the  height  remains  stationary,  after  which  there  may  be  a 
decrease,  esjiecially  in  extreme  old  age. 

§  891.  The  increase  in  weight  is  also  very  rapid  at  first,  and  proceeding, 
like  the  height,  with  iliminishing  increments,  may  continue  till  about  the 
fortieth  year.  After  the  sixtieth  year  a  decline  of  variable  extent  is  generally 
witnessed.  It  is  a  remarkable  fact,  however,  that  in  the  first  few  days  of  life, 
so  far  from  there  being  an  increase,  there  is  an  actual  decrease  of  weight, 
so  that,  even  on  the  seventh  day  the  weight  still  continues  to  be  less  than  at 
birth. 

$  892.  The  saliva  of  the  babe  is  active  on  starch,  and  its  gastric  juice. 
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unlike  that  of  many  newborn  animalfl^  has  good  peptic  powers,  from  wtxic^ 
we  may  infer  thai  it«  digestive  proL*^:s8ea  in  general  are  identical  with  thalfl 
the  adiilt ;  but  the  feces  of  the  infant  contain,  besides  considerable  quanti^ 
of  undigested  food  (fat,  casein,  etc. ),  unaltered  bile-pigment,  and  undecoro- 
poeed  bile-tfalca. 

t«  693.  The  heart  of  the  babe  (see  Table,  p.  1007)  is,  relatively  to  iu  body- 
weight,  larger  than  the  ndult,  and  the  frequency  of  the  heurt-l»eat  much 
greater,  viz.,  about  l^iO  or  140  per  minute,  falling  to  about  110  iu  the  second 
year,  and  about  90  in  the  tenth  year.  Corresponding  to  the  smaller  bulk  of 
the  body,  the  whole  circuit  of  the  blood  eystem  is  traversed  in  a  shorttt_ 
time  than  in  the  adult  (12  lieconds  as  against  22);  and.  couseijueutly, 
renewal  of  the  blood  in  the  tissues  is  excetniingly  rapjd.  The  rcspiratioaj 
the  babe  is  quicker  than  that  of  the  adult,  being  at  tirst  about  'lo  per  mini 
falling  to  28  in  the  second  year,  to  2t{  in  the  fifth  year,  and  so  onward. 
respiratory  work,  while  it  increases  absolutely  as  the  body  grows,  is, 
lively  to  the  bodj'-weight,  greatest  iu  the  earlier  years.  It  is  worthy  of  n< 
that  the  absorption  of  oxygen  is  said  to  be  relatively  more  active  than 
production  of  carbonic  acid;  that  is  to  say.  there  is  a  continued  accumi 
latiou  of  capital  in  the  form  of  a  store  of  oxygen-holding  explosive 
pounds  (see  p.  472).  This,  indeed,  is  the  striking  feature  of  infant  m< 
olism.  It  is  a  metabolism  directed  largely  to  constructive  ends.  The 
taken  repref<ents,  uudoubte<lly,  so  much  potential  energy;  but  before 
energy  can  assume  a  vital  mode,  the  food  must  be  converteti  into  tissue ; 
in  such  a  conversion,  morphological  and  molecular,  a  large  amount  of  en< 

must  be  expended.     The  metabolic  activities  of  the  infant  are  more    

Douuced  than  those  of  the  adult,  for  the  sake,  not  so  much  <if  energies  yrinA 
are  six-tit  on  the  world  without,  n.s  of  energies  which  are  for  a  while  buried 
in  the  rapidly  increasing  masts  of  flesh.  Thus,  the  infant  requires  over  auil 
above  the  wants  of  the  man,  not  only  an  income  of  energy  corresponding  to 
the  energy  of  the  llesh  actually  laid  on,  but  also  an  income  corresponding  to 
the  energy  used  up  iu  making  that  living  sculptured  flesh  out  of  the 
amorphous  proteids,  fats,  carbohydrates  and  salts,  which  serve  as  food, 
and  above  thie,  the  infant  needs  a  more  rapid  metabolism  to  keep  up 
normal  bodily  lemf>eraiure.  Thi-*,  which  is  no  leag,  indeed,  slightly  (0-1 
higher,  thun  that  of  the  adult,  ret^uires  a  greater  expenditure,  inasmui ' 
the  infant  with  it.s  relatively  far  larger  surface,  and  its  extremely  vi 
skin,  loses  heat  to  a  proportionately  much  greater  degree  than  does  H 
grownup  man.  It  is  a  matter  of  common  experience  that  children  are  more 
affected  by  cohl  than  are  adults. 

This  rapid  metabolism  is,  however,  not  manifest  immediately  upon  birth- 
During  the  first  few  days,  corresponding  to  the  loss  of  wei;jht  mentkkMd 
above,  the  respiratory  activities  of  the  tissues  are  feehle  ;  the  embryonio 
habits  seem  as  yet  not  to  have  been  citmpletely  thrown  oti,  and  ae  was  suM 
on  p.  494,  newborn  animals  bear  with  impunity  a  deprivation  of  oxy( 
which  would  he  fatal  to  them  later  on  in  life. 

§  894.  The  quantity  of  urine  passed,  though  scanty  in  the  first  two  dai 
rises  rapidly  at  the  end  of  the  first  week,  and  in  youth  the  quantity  uf  ui 
passed  is,  relatively  to  the  body-weight,  larger  than  iu  adult  life.     This 
be,  at  lejist  in  quite  early  life,  partly  due  to  the  more  liquid  nature  of 
food,  but  is  also  in  part  the  result  of  the  more  active  meiabollsm.     Foro* 
only  is  the  quantity  of  urine  passed,  but  also  the  amount  of  urea  and  auDC 
other  urinary  constituents  excreted,  relatively  to  the  body-weight,  greater" 
the  child  than  iu  the  adult.     The  presence  of  uric,  of  oxalic,  and, 
to  some,  of  hippuric  acids  in  unusual  quantities  is  a  froijuent  chori 
of  the  urine  of  children.     It  is  stated  that  calcic  phosphates,  and 
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^^he  phosphates  generally,  are  deficient,  being  retained  In  the  body  for  the 
building  up  ot'the  otsaeous  skeleton. 

{!  896.  Aesociated  probably  with  these  constructive  lalwrs  of  the  growing 
frame  is  the  prominence  of  the  lymphatic  system.  Not  only  ftre  the  lym- 
phatic glauds  largely  developed  and  more  active  (as  is  probably  shown  by 
iheir  tendency  to  disease  in  youth),  hut  the  quantity  of  lymph  circulation  is 
greater  than  In  later  years.  Characteristic  of  youth  is  the  size  of  the  thymus 
body,  which  increases  up  to  the  second  year,  and  may  then  remain  fur  a 
while  siationiiry,  hut  generally  l>efore  puberty,  has  sunered  a  retrogreasi^'e 
nietaniorphosis,  and  frequently  hardly  a  vestige  of  it  reiuainH  behind.  The 
thyroid  body  is  also  relatively  greater  in  the  babe  than  in  the  adult;  the 
spleen,  on  ihe  other  hand,  which  grows  rapidly  iu  early  infancy,  is  not  only 
abeolutely,  but  also  relatively,  greater  in  the  adult.  It  need  hanllv  be  said 
that  the  recuperative  power  of  infancy  and  early  youth  is  very  marked. 

^  896.  It  would  he  beyond  the  scope  of  this  work  to  enter  into  the  psychical 
condition  of  tbo  hube  or  the  ihihl,  and  our  knowledge  of  the  details  of  the 
working  of  the  nervous  system  iu  infancy  is  too  meagre  to  permit  of  any 
profitable  discuHttion.  It  is  hardly  of  use  to  say  that  in  the  young  the  whole 
nervous  system  is  more  irritable  or  more  excitable  than  in  later  years  ;  by 
which  we  probably  to  a  great  extent  mean  that  it  is  less  rigid,  less  marked 
out  into  what,  in  preceding  portions  of  ihia  work,  we  have  spoken  of  as 
nervous  niechaui^ms.  It  may  he  mentioue<l  that  stimulation  of  the  variuus 
cerebral  areas,  in  newborn  animals,  does  not  give  ricje  to  the  usual  localized 
movements.  The  sense  of  touch,  bnih  as  reganls  pressure  and  temperature, 
appears  well  developed  in  the  infant,  as  does  also  the  sentie  of  taste,  and, 
p«  ssibly,  though  this  is  disputed,  that  of  smell.  The  pupil  (larger  in  the 
infant  than  iu  the  man)  acts  fully,  and  Donders  observed  normal  binocular 
movements  of  the  eyes  in  an  infant  less  than  un  hour  old.  The  eye  is  (in  man) 
from  the  outset  fully  seusitive  tu  light,  though  of  courae  visual  preceptions 
are  ini{X!rfect.  As  regards  bearing,  on  the  other  hand,  very  little  reaction 
follows  upon  sounds — i.  e.,  auditctry  sensations  seem  to  be  dull  during  the 
fir^t  few  days  of  life;  this  may  be  partly,  at  least,  due  to  absence  of  air  from 
the  tym|)anum  and  a  tumid  condition  of  the  tympanic  mucous  membrane. 
As  the  child  grows  up  his  senses  rapidly  culminate,  and  in  his  early  years  he 
pOMoaDCfl  a  general  acuteness  of  sight,  hearing  and  touch,  which  frequently 
Deooniee  blunted  as  his  iwychical  life  Iwciiraes  fuller.  Children,  however,  are 
said  to  be  less  apt  at  (listiuguishing  colore  than  iu  sighting  objects;  but  it 
does  not  appear  whether  this  arises  from  a  want  of  perceptive  discrimijiatioa 
or  from  their  l>eing  actually  less  sensitive  to  variations  in  hue.  A  character- 
istic of  the  nervous  system  in  childhood,  the  result,  probably,  uf  the  more 
active  metabolism  of  the  body,  is  the  necessity  for  long  or  frequent  and  deep 
slumber. 

§  897.  Dentition  marks  the  tirst  epoch  of  the  new  life.  At  about  seven 
months  the  two  (central  incisors  of  the  lower  jaw  make  their  way  through  the 
gum,  followed  immediately  by  the  corresponding  teeth  in  the  upper  jaw.  The 
Iat4*ral  incisors,  first  of  the  lower  and  then  of  the  upper  jaw,  api>ear  at  about 
the  ninth  mouth,  the  first  molars  at  about  the  twelfth  month,  the  canines  at 
about  a  year  and  a  half,  and  the  temfiorary  dentition  is  completed  tty  the 
Hp{>earaDce  of  the  second  molars  usually  l>efore  the  end  of  the  second 
year. 

§  898^  About  the  sixth  year  the  permanent  dentition  commences  by  the  ap- 
pearance of  the  first  permanent  molar  beyond  the  second  terapf»rary  molar; 
in  the  seventh  year  the  central  permanent  incisors  replace  their  temporary 
repre«eDtatives,  followed  iu  the  next  year  by  the  lateral  incisors.  In  the 
^^nth  vear  the  temporary  first  molars  are  replaced  bv  the  first  bicuspids, 
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and  in  the  tenth  year  the  second  temporary  molars  are  similarly  repli 
by  the  tiecond  bicuHpidB.     The  canines  are  exchanged  about  ibe  eleventl 
twelfth  year,  and  the  second  permanent  niolars  are  cut  about  the  twelfti 
thirteenth  year.     There  is  then  a  long  pause,  the  third  or  wisdom  tooth 
making  its  appearance  till  the  seventeenth,  or  even  tweuty-titlh  year,  oi 
some  cases  not  appearing  at  all. 

§  899.  Shortly  after  the  concluBion  of  the  permanent  dentition  (the  w 
teeth  excepted)  the  occurrence  of  puberty  marks  the  l>eginning  of  a  new 
of  life;  and  the  difference  between  the  sexes,  hitherto  merely  potential,  no» 
becomes  functional.  In  both  eexea  the  niatumlion  (.►f  the  generative  orgw» 
ia  accorii|)anied  by  the  well-known  changes  in  the  body  at  large;  but^| 
events  are  much  more  oharacterigtic  in  the  typical  female  than  iu  the  aBv 
rant  male.  Though  in  the  boy,  ihe  breaking  of  the  voice  and  the  rapf<l 
growth  of  the  beard  which  accompany  the  ap|>earance  of  active  8|>eri 
zoa,  are  striking  ieatures,  yet  they  are,  afW  all,  superticial.  The  curvi 
his  increasing  weight  and  height,  and  of  the  other  events  of  bis  ocod< 
pursue  for  a  while  longer  an  unchanged  course;  the  boy  does  not  beooi 
man  till  some  years  after  puberty ;  and  the  decline  of  his  functional 
hood  is  so  gradual  that  frequently  it  ceases  only  when  disease  puts  an  ead 
to  a  ri[>c  old  age.  With  the  occurrence  of  menstruation,  on  the  other  hand 
at  from  thirteen  to  seventeen  years  of  age,  the  girl  almost  at  once  becooM 
a  woman*  and  her  functional  womanhood  ceases  suddenly  at  the  cliinacterii 
in  the  fifth  decennium.  During  the  whole  uf  the  childbearing  period  bei 
organism  is  iu  a  comparatively  stationary  condition.  While  before  the  ag< 
of  puberty,  up  to  about  the  eleventh  or  twelfth  year,  the  girl  is  lighter  ant 
shorter  than  the  boy  of  the  same  age,  in  the  next  few  years  her  rate  o 
growth  exceeds  his;  but  she  has  then  nearly  reached  her  maximum,  whilt 
he  continues  to  grow.  Her  curve  of  weight  from  the  nineteenth  ye-ar  onwarr 
to  the  climacteric  remains  stationary,  being  followed  subsequently  by  a  laM 
increaae,  so  that  while  the  man  reaches  his  maximum  of  weight  at  aboai 
forty,  the  woman  is  at  her  greatest  weight  about  fiftv.  j^ 

§  900.  Of  the  statical  diBerences  of  ees,  some,  such  as  the  formation  oifl 
pelvis,  and  the  costal  mechanism  of  respiration,  are  directly  connected  wnfl 
the  act  of  childbearing,  while  others  have  only  an  indirect  relatiun  tu  thai 
duty  ;  and  indications,  at  least,  of  nearly  all  the  charact^tristic  differenoa 
are  seen  at  birth.  The  babv  boy  is  heavier  and  taller  than  the  baby  ^m 
and  the  maiden  of  five  breathes  with  her  ribs  in  the  same  way  as  doe^  jfl 
matron  of  forty*  The  woman  is  lighter  and  shorter  than  the  man.  the  !■ 
its  in  the  case  o(  the  former  being  from  1.444  to  1.740  metres  of  height,  and 
from  39.8  to  93,8  kilos  of  weight,  in  the  latter  from  1,467  to  1.81K)  of  heii 
and  from  49.1  to  98.5  kilos  of  weight.  The  muscular  system  and  skek 
are  both  absfjlutely  and  relatively  less  in  woman,  and  her  brain  is  lighten 
smaller  than  that  of  man,  being  about  1272  grammes  to  1424,  Her  nn 
olism.  as  measured  by  the  respiratory  and  urinary  excreta,  ia  also  not 
absolutely  but  relatively  to  the  bo<ly-weight  leas,  and  her  blood  b  not  onlj 
less  in  quantity,  but  also  of  lighter  specific  gravity,  and  contains  a  smi " 
proportion  of  red  corpuscles.  Her  strength  is  to  that  of  man  as  about  o 
and  the  relative  length  of  her  step  as  1000  to  1157. 

§  901.  From  birth  ouward  (and  indeed  from  early  intra-utcrine  life) 
increment  of  growth  progressively  diminishes.     At  last  a  [)oint  is  reach< 
which  the  curve  cuts  the  abscisfta  line,  and  the  increment  becotoes  a 
ment.     After  the  culmination  of  manhood  at  forty  and  of  womnnh* 
climacteric,  the  prime  of  life  declines  into  old  age.     The  metiibolic 
of  the  body,  which  at  first  was  sufficient  not  only  to  w)ver  the  daily  wi 
but  to  add  new  material,  later  on  is  altle  only  to  meet  the  daily  waiit«. 
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At  last  \s  too  imperfect  eveD  to  sustain  in  its  entirety  the  existing  frnme. 
Neither  as  regards  vig{»r  an(i  functional  capacity,  nor  as  regards  weight  and 
hulk,  do  ihe  turniDg-[>oiDls  of  the  several  tissues  and  organs  coincide  either 
with  each  other  or  with  that  of  the  body  at  large.  We  have  alreutly  seen 
that  the  life  of  such  an  organ  m  the  tnvmns  is  far  shorter  than  that  of  its 
possessor.  The  eye  is  in  its  dioptric  prime  in  childhood,  when  its  media  are 
dearest  and  its  muscular  mechanisms  most  mobile,  and  then  it  for  the  most 
part  serves  as  a  toy  ;  in  later  years,  when  it  could  be  of  the  greatest  service 
to  a  still  active  brain,  it  has  already  fallen  into  a  clouded  and  rigid  old  age. 
The  skeleton  reaches  its  limit  very  nearly  at  the  same  time  as  the  whole 
frame  reaches  its  maximum  of  height,  the  coalescence  of  the  various  epiphyse* 
being  pretty  well  completed  by  about  the  twenty-fifth  year.  Similarlv  the 
muscular  syatem  in  its  increase  tallies  with  the  weight  of  the  whole  body. 
The  brain,  in  spit-e  of  the  increasing  complexity  of  structure  and  function  to 
which  it  continues  to  attain  even  in  middle  life,  early  reaches  its  limit  of 
bulk  and  weight.  At  about  seven  years  of  age  it  attains  what  may  be  con- 
sidered as  its  lirst  limit,  for  though  it  may  increase  somewhat  up  to  twenty, 
thirty,  or  even  later  years,  ils  progress  is  much  more  slow  after  than  before 
seven.  The  vascular  and  digestive  organs  as  a  whole  may  uoutinue  to 
increase  even  to  a  very  Ute  period.  From  these  facts  it  is  obvious  that 
though  the  phenomena  of  old  age  are,  at  lx>ttom,  the  result  of  the  individual 
decliue  of  the  several  tissues,  they  ow^e  many  of  their  features  to  the  dis- 
arrangement of  the  whole  organism  produced  by  the  premature  decay  or  dis- 
appearauce  of  one  or  other  of  the  constituent  J>odily  factors.  Thus,  for 
instance,  it  is  clear  that  were  there  no  natural  intrinsic  limit  to  the  life  of 
the  muscular  and  nervous  systems,  they  wouM  nevertheless  come  to  an  end 
in  conwxpience  of  the  nutritive  diBturbanees  caused  by  the  lose  of  the  teeth. 
And  what  is  true  of  the  teeth  is  probably  true  of  many  other  organs,  with 
the  addition  ihat  thene  cannot,  like  the  teeth,  be  replace*!  by  mechanical 
conirivancer^.  Thus  the  term  of  life  which  is  allotted  to  a  muscle  by  virtue 
of  its  molecular  constitution,  and  which  it  could  not  exceed  were  it  always 
placed  under  the  most  favorable  nutritive  conditions,  is,  in  the  organism, 
aeiermine*l  by  the  similar  life-terms  of  other  tissues;  the  future  decline  of 
the  brain  is  probably  involved  in  the  early  decay  of  the  thvmus. 

S  902.  Twochangescharacteristicof  old  age  are  the  so-called  calcareous  and 
fatty  degenerations.  These  are  seen  in  a  completely  typical  form  in  cartilage, 
as  for  instance,  in  the  ribs;  here  the  protoplasm  of  the  cartilage-corpuscle 
becomes  hardly  more  than  an  envelope  of  fat  globules,  and  the  supple  matrix 
is  rendered  rigid  with  amorphous  deposits  of  calcic  phosphate*  and  carbo- 
nates, which  are  at  the  same  time  the  signs  of  past  and  the  cause  of  future 
nutritive  decline.  And  what  is  obvious  in  the  case  of  cartilage  is  more  or 
leas  evident  in  other  tissues.  Everywhere  we  see  a  dinposition  on  the  [)art 
of  protoplasm  to  fall  back  upon  the  easier  task  of  forming  fat  rather  than  to 
carry  on  the  more  arduous  duty  of  manufacturing  new  materiil  like  itself; 
everywhere  almost  we  see  a  tendency  to  the  replacement  of  a  structured 
matrix  by  a  deposit  of  amorphous  material.  In  no  part  of  the  system  is  this 
more  evident  than  in  the  arteries;  one  common  feature  of  old  age  is  the 
conversion  by  such  a  change  of  the  supple  elastic  tubes  into  rigid  channels, 
whereby  the  supply  to  the  various  tissues  of  nutritive  mal^iirial  is  rendered 
increasingly  more  difficult,  and  their  intrinsic  decay  proportionately  hurried. 

§  903.  Of  the  various  tissues  of  the  body  the  muscular  and  nervous  are,  how- 
ever, thoee  in  which  the  functional  decline,  if  not  structural  decay,  becomes 
soonest  apparent.  The  dynamic  coefficient  of  the  skeletal  muscles  diminishes 
rapidly  ajfter  thirty  or  forty  years  of  life,  and  a  similar  want  of  power  comes  over 
the  plain  muscular  fibres  also;  the  heart,  though  it  may  not  dimiaish.or  even 
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may  still  increa^  in  weight,  ]>oseesseii  lesa  nud  leas  forrc^.ttoJ  the 
of  the  iDteetiue.  hladder.and  other  orgnns,  diniiniflh  in  vi^ir.     In 
ous  syfiteni,  the  lines  of  resistance,  which,  kb  we    huvc*  ni^n,  belp  to 
the  central  orgnna   into  mechani^tua.   and    en    to    pnxluo«   it*   rots] 
Bctioufi,  become  at  la^jt  hindrances  to  the  puHi4igc  \*f  nerviiu#  irapuf 
direction,  while  at  the  isame  time  the  molecular  eocfRV  <^f  ihr  imfm! 
Belvea  becomes  lesw.     The  eye  becoimn  feeble,  uot  onl\   ■ 
media  and  [ircBhyopic  naiM-ular  tnahility.  hut  aleo  fron  nn 

the  retina;  the  aeiimiry  and  niutor  inipubefl  imhs  with  iocmuing  tioi 
and  iV<im  the  central   ner\'ous  ByHteiu.  and  tne  braiu  bec^wiics  a  ntont 
more  ri^^id  niatu<  of  protoplasm,  the  molecular  lineis  of  winch   nuhrr 
the  history  of  pat^t  actinus  than  aerw  hh  indioatious  of  prcwot   | 
The  epithelial  glundnlar  elenienta  veam  to  be  ibuae  wboie  powcn 
longest  preserved  ;  and  hence  the  man  whu  in  the  prime  nfhtt 
Ik  *'  martyr  to  dyapepeia  "  by  reamm  of  the  heusiliveueaB  uf  leastric 
the  roHex  inhibit4iry  and  other  ri'suliii.  of  their  irritaiiim,  iu   hia   U 
when  his  nervee  are  blunted,  und  when,  therutore,  hia  [leptic  cells 
pursue  their  chemical  work   undisturl>ed   by  exiriiuic  DervottS 
and  drinkt)  with  the  courage  and  aucceas  of  a  bt»y. 

ii  904.   Witnin  the  range  of  a  lifetime  are  ('oniprit>ed  manr  pariodauTBBM 
or  le88  fre(]uent  recurrence.     Tn  Hpite  of  the  aids  of  a  oomfuez  eiTtJ 
tending  to  render  the  cunditiontf  of  tiijt  life  more  and  mure  ei|uabl«*, 
ahowfi  in  his  economy  the  ellecla  of  the  tteasons.  Ktime  of  tb<3«e  »rc 
reeultB  of  varying  temperature,  but  some  |trnbftbly.  HUch  «»  the  (piiu  ol 
in  winter  and  the  lo^s  in  gumnier,  are   hubitx  ttc<)uin*d   bv  demxtiU 
the  year, an  approximately  monthly  perit>d    i«  mnnif'eflteJ   in  tb« 
meutttruaiiou,  though  there  ia  no  exact  evidence  of  cveu  n 
cycle  in  the  male.     The  phenomena  of  recurrent  disctiMV,  aod 
critical  days  of  many  other  maladies,  may  be  regarde*!  n»  miini 
of  smaller  duration  than  that  of  the  mi.K>u'a  revolution,  unlcas  < 
view  urged  by  some  authors  thai  iu  theite  cases  the  recurmsce  is  to 
uted  rather  to  periodical  phages  in  the  di«ea»e-prvMlociog  germ  itaalT, 
varifltionfl  in  the  medium  of  the  diseaise. 

^  906.  i'routinent  anmng  all  other  cyclical  events  is  th«  fivt 
animals  posseting  a  well-dc'vel<>[K'd  uer\-oufl  sybleni.  must,  nicbt  aJ 
dayai^er  day,  or  at  leant  timt'  nUer  time,  lay  them  down  tosMCpi. 
feature  of  sleep  ie  the  ceseution  of  the  autumatic  activity  of  l&e 
the  diaetole  of  the  cerebral  bt^ut.      Hut  the  condition  is  uot   cuni 
cerebral  hemispheres  ;  all  partin  of  the  bo<ly  either  directly 
slmre  in  it.     The  pheuomenu  of  Bli*ep  are  perha|wiieen  in  tL...  ... 

in   the  winter  ^leep  of  hi1)emation,  to  which  tvprcially  coldkK 
but  aUo  to  some  extent  warm-bliMNled  animalu,  are  subject.     In 
the  culd  of  winter  slackens  the  vibrntiomi  and  lessens  the  expli 
prt}toplaiim,  not  only  of  nervous  but  uIm>  of  mu^-ular  and  |^I*o4l 
tures ;  indefd  the  activity  of  the  whole  body  is  loweneil,  in 
almoHl  to  actual  arrest.      At  the  same  tinu'     '  '   ir  oi 

molecules  beromfK  insufficient  io<lrvpI<ip<*»iii  nafijail 

is  eithtT  wlioUy  (piiesccnt  nr  (t 

the  heart  la'uts  with  ii  slow,  in  .r 

tory  reetniint,  but   because  its  very  i*ubf<laucv   in  rni>Uiintar 

can  gather  bend  for  explosions  only  alter  long  j>  i  rh.     i 

few  and  distant  beats  iisilo  occur  are  supply  nutiicieut  to  meal  tlie 
Uio  feeble  nietabolitKm  of  the  several  tissues.     The  aleep  nC  ewc^r  day 
from  the  olcep  of  winter-cold  chiedy  because  the  slacltcaia^  id 
KClivities  is  due  m  l\xe  (v)tQ\«,T  wul  tAt  extrinsic  but  to  Ustrinsic  eaii 
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changes  in  the  medium,  but  U)  exhaustion  of  the  subjcf^t,  and  because  the 
phenomena  are  largely  t'oniined  to  the  cerebral  hemispheres.  It  is  true  that 
the  whole  body  shares  in  the  condition.  The  pulse  and  breathing  are  slower, 
the  intestine  and  other  internal  mtisculnr  mechanisms  are  more  or  les^  at 
rest,  the  secreting  organs  are  leas  active,  some  apparently  being  wholly  qui- 
escent, and  the  sleeper  on  waking  rubs  his  eyes  M  bring  back  to  his  conjunc- 
tiva its  uecdeii  moisture.  luileed  the  whole  metabolism  and  the  dependent 
temperature  of  the  bmly  are  lowered ;  but  we  cannot  say  at  present  bow  far 
theae  are  the  indirect  results  of  the  condition  of  the  nervous  system,  or  how 
fiu-  they  indicate  a  partial  slumbering  of  the  several  tissues. 

i?  906.  Thoracic  respiration  is  said  to  become  more  prominent  than  dia- 
phragmatic respiration  during  sleep,  and  the  Cheyne-Stokes  rhythm  of  respira- 
tion I  see  (l491)  is  frequently  observed.  During  sleep  the  pupil  i?  contracted, 
during  deep  sleep  exceedingly  st);  and  riilation,  often  unaccompanied  l»y  any 
visible  movements  of  the  limbs  or  body,  tukes  place  when  anysensitive  surface 
is  stimulate^l ;  on  awaking  also  the  pupilH  dilate.  The  eyeballs  have  been 
generally  described  as  being  during  sleep  directetl  upward  and  c<mverging 
or,  according  to  some  authors,  diverging:  but  others  mnintain  that  in  true 
sleep  the  visual  axes  are  parallel  and  directed  to  the  far  distance.  The  eyes 
of  children  have  been  described  as  continually  executing  during  slee|)  move- 
ments, often  irregular  and  nnsymmetrical  and  unaccompanied  by  changes  in 
the  pupils. 

^  907.  We  are  not  at  present  in  n  position  to  trace  out  the  events  which 
culminate  in  this  inactivity  of  the  cerebral  structures.  It  has  been  urged 
that  during  sleep  the  brain  is  ancemic;  but  even  if  this  amemia  is  a  constant 
accomiMiniment  of  sleep,  it  raui<t,  like  the  vascular  condition  of  a  gland  or 
any  other  active  organ,  he  regarded  as  au  effect,  or  at  least  a:s  a  subsidiary 
event,  rather  than  as  a  primary  cause.  Nor  can  the  view  which  regards 
aleepasthe  result  of  a  shifting  of  the  mechanical  arrangements  of  the  cranial 
circulation  be  considered  as  satisfactory.  The  explanation  of  the  condition 
Is  rather  to  be  sought  in  purely  molecular  changes  ;  and  the  analogy  between 
the  systole  and  the  diastole  of  the  hearty  and  the  waking  and  sleeping  of  the 
brain,  may  be  pnititably  pushed  to  a  very  considerable  extent.  The  sleep- 
ing brain  in  many  re9i>ecis  closely  resembles  a  quiescent  but  still  living  ven- 
tricle. Both  are.  as  far  as  outward  manifestations  are  concerned,  at  rest,  but 
both  may  be  awakened  to  activity  by  an  adequately  powerful  stimulus. 
Both,  though  quiescent,  are  irritable,  in  both  the  quiescence  will  ultimately 
give  place  to  activity,  and  in  both  an  appropriate  stimulus  applied  at  the 
right  time  will  determine  the  change  from  rest  to  action.  Just  as  a  single 
prick  will  under  certain  circumstances  awake  a  ventricle,  which  for  some 
seconds  has  been  motionless,  into  a  rhythmic  activity  of  many  heate,  so  a 
loud  noise  will  start  a  man  from  sleep  into  a  long  day's  wakefulness.  And 
just  as  in  the  heart  the  cardiiic  irritanility  is  lowest  at  the  beginning  of  the 
diastole  and  increases  onward  till  a  beat  bursts  out,  so  is  sleep  deepest  at  its 
oommencement  ailer  the  day's  labor;  thence  onward  slighter  and  slighter 
stimuli  are  needed  to  wake  the  sleeper.  Forjudging  of  the  depth  of  ordi- 
nary nocturnal  sleep  by  the  intensity  of  the  noise  required  to  wake  the 
sleeper,  it  may  be  concluded  that,  increasing  very  rapidly  nt  first,  it  reaches 
its  maximum  within  the  tirst  hour;  from  thence  it  diminishes,  at  first  rapidly, 
but  afterwar«l  more  slowly. 

§908.  We  cannot,  however,  at  present  make  any  definite  statements  con- 
cerning the  nature  of  the  molecular  changes  which  determine  this  rhythmic 
rise  and  fall  of  cerebral  irritability.  The  fact  that  the  products  of  proto- 
plasmic  activity  when  they  accumulate  within  the  protoplasm  appear  to 
become  in  the  end  an  obstruction  to  that  activity,  has  suggested  the  idea  that 
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the  presence  in  ihe  cerebral  tissue  of  an  exoeea  of  the  productB  of 
znetubolisiD  is  the  cause  of  sleep.  Indeed  lactic  acid,  the  iucreaae 
was  supposed  to  be  the  cause  of  the  acid  reaction  of  muscular  and  nei 
tiasues  after  exercise,  has  been  especially  pointed  to  in  this  connection ; 
as  we  have  seen,  the  acid  reaction  in  uueBlion  appeara  not  to  be  due  tu 
increased  production  of  lactic  acid.  Beside^!,  if  the  accumulation  of  meu- 
bolic  pro<iucta  of  any  kind  were  the  cause  of  sleep,  it  in  not  clear  why  wt 
should  ever  have  any  hope  of  waking.  More  may  oe  said  in  favor  of  thl 
conception  that  during  the  waking  hours  the  expenditure  of  oxygen  exoc«'4i 
the  iucoiue,  and  that  the  (luiesceuce,  which  we  call  ^leen,  comes  from  ilu 
exhaustion  of  the  bwiy's  siore  of  oxygen,  more  especially  of  thai  "iotn 
molecular  "  oxygen  of  which  we  spoke  in  dealing  with  the  respiration  of  tb 
tissues.  But  to  this  view  must  be  added  some  hypothesis,  such  as  the  bypla.; 
of  some  inhibitory  mechanism,  whereby  the  respiratory  centre  is  not  r 
to  increAsed  activity  by  this  lack  uf  oxygen,  for,  as  we  have  seen,  the  bi 
ing  shares  in  the  slumber  of  the  body,  though  continuing  to  play  wil 
amount  of  energy,  which  permits  a  gradual  restoration  of  the  lost  Bt( 
oxygen  and  so  tinally  brings  on  the  awakening  which  ends  the  sleep, 
the  necessity  for  such  a  complication  in<licatefl  that  the  explanation 
present  at  least,  inadequate. 

The  phenomena  of  sleep  show  very  clearly  to  how  large  an  extent  t 
apparent  autonmtisni  is  the  ultimate  outcome  of  the  etfecta  of  antecvdfi 
stimulation.  When  we  wish  to  go  to  sleep  we  withdraw  our  aiitonoatic  brai 
as  much  us  possible  from  the  influence  of  all  extrinsic  stimuli ;  ami  $a  ii 
teresting  case  is  recttrded  of  a  lad  whose  connection  with  the  external  worl 
was,  from  a  complicated  un;usthe8ia,  limited  to  that  afforded  by  a  single  6g 
and  a  i^ingle  ear,  and  who  could  be  sent  to  sleep  at  will  by  clusiug 
and  Btopptug  the  ear. 

§  909.  The  cycle  of  the  day  is,  however,  manifested  in  many  other 
than  by  the  alternation  of  sleeping  and  waking,  with  nil  the  indirect  e&e 
of  these  two  conditions.  There  is  a  diurnal  curve  of  tern  |>eralu  re  (see  pj 
apparently  independent  of  all  immediate  circumstances,  the  hcrcfiiuii 
press  of  a  long  and  ancient  sequence  of  days  and  nights.  Even  the  pul 
sensitive  to  all  bodily  changes,  shows,  running  through  all  the  immedisl 
effects  of  the  changes  of  the  minute  and  llie  hour,  the  working  of  a  <liumi 
influence  which  cannot  be  accounted  for  by  waking  and  sleeping,  by  work 
ing  and  resting,  by  meals  and  abstinence  between  meals.  And  the  sant 
mav  be  said  concerning  the  rhythm  uf  respiration,  and  the  products  of  pul 
monary.  cutaneous  and  urinary  excretion.  There  seems  to  be  a  daily  curvi 
of  bodily  metabolism,  which  is  not  the  product  of  the  day's  events.  Wtiljii 
the  day  we  have  the  narrower  rhythm  of  the  respiratory  oe&Ire  with  tbi 
accompanying  rise  and  fall  of  activity  in  the  vasomotor  centres.  Aui 
lastly,  there  stands  out  the  fundamental  fact  of  all  bodily  periodicity,  tkil 
alternation  of  the  heart's  systole  and  diastole  which  ceases  only  at  i 
Though,  as  we  have  seen,  the  intermittent  flow  in  the  arteries  is  toned 
in  the  capillaries  to  an  apparently  continuous  flow,  still  the  coust^ntlj 
peated  cycle  of  the  cardiac  shuttle  must  leave  its  mark  throughout 
whole  web  of  the  body's  life.  Our  means  of  investigation  are,  boi 
still  too  gross  to  permit  us  to  track  out  its  influence.  Still  leee  are 
present  in  a  position  to  say  how  far  the  fundamental  rhythm  of  the 
itself,  that  rhythm  which  is  influenced,  but  not  created,  by  the  ch«ii| 
the  body  of  which  it  is  the  centre,  is  the  result  of  cosmical  changes, 
flection  as  it  were  in  little  of  the  cycles  of  the  universe,  or  how  mr  it 
outcome  of  the  inherent  vibrations  of  the  molecules  which  make  up  its 
stance. 
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§  910.  When  the  animal  kingdom  \s  surveyed  from  a  broad  standpoint,  it 
becomea  obvious  that  the  ovum,  or  its  correlative  the  spermatozoon,  \s  the 
goal  of  au  individual  existenoe;  that  life  is  a  cycle  beginning  in  an  ovum 
and  coming  round  to  an  ovum  again.  The  greater  part  of  the  actions  which, 
looking  frf>m  a  near  point  of  view  at  the  higher  animals  alone,  we  are  apt 
to  consider  as  eminently  the  pur[K)ee8  for  which  animals  come  into  existence, 
when  viewed  from  the  distant  (mtlook  whence  the  whole  living  world  is  sur- 
veyed, fade  away  into  the  likeness  of  the  mere  byplay  of  ovum-bearing 
orgauiHms.  The  animal  body  is  in  reality  a  veliiclo  tor  ova  ;  and  after  the 
life  of  the  i>arent  has  become  potentially  renewed  in  the  offspring,  the  body 
remains  as  a  cast-oH' envelope  whose  future  is  but  to  die. 

Were  the  animal  frame  not  the  complicated  machine  we  have  seen  it  to 
be.  death  might  come  as  n  simple  and  gradual  diss^ilution.  the  "sans  every- 
thing" being  the  last  stage  of  the  successive  loss  of  fundamental  powert. 
As  it  is,  however,  death  rs  always  more  or  less  violent;  the  machine  conios 
to  an  end  by  reason  of  the  disorder  caused  by  the  breaking  down  of  one  of 
its  parts.  Life  ceases  not  becauw  the  molecular  powers  of  the  whole  binly 
glackcn  and  are  lost,  but  because  a  weakness  in  one  or  other  part  of  the 
machinery  throws  itt*  whole  working  out  of  gear. 

S  911.  We  have  seen  that  the  central  factor  of  life  is  the  circulation  of  the 
bl(K)d.  but  we  have  also  8een  that  blood  is  not  only  useless,  but  injurioui, 
unless  it  is  duly  oxygenated  ;  and  we  have  further  seen  that  in  the  higher 
animaU  the  oxygenation  of  the  blood  can  only  be  duly  effected  by  meana 
of  the  respiratory  muscular  mechanism,  presided  over  by  the  medulla  oblon- 
gata. Thus  the  life  of  a  complex  animal  is.  when  re<!uced  to  a  simple  forrn, 
comp<xKnl  of  three  factors:  the  maintenance  of  the  circulation,  the  access  of 
air  to  the  hiemoglobin  of  the  blood,  and  the  functional  activity  of  the  re- 
stiiralory  centre;  and  death  may  come  from  the  arrest  of  either  of  these.  Aa 
fiichat  put  it.  death  takes  plai-e  bv  the  heart  or  by  the  lungs  or  by  the  brain. 
In  reality,  however,  when  we  pusli  the  analysis  further,  the  central  fact  of 
death  is  the  8t4ipf>age  of  the  heart,  and  the  oouse<iuent  arrest  of  the  circula- 
tion ;  the  tissues  then  all  die,  because  they  lose  their  internal  medium.  The 
failure  of  the  heart  may  arise  in  itself,  on  account  of  some  failure  in  itA 
nervous  or  muscular  elementa,  or  by  reason  of  some  mischief  affecting  ita 
mechanical  working.  Or  it«  stoppage  may  be  due  to  some  fault  in  its  inter- 
nal medium,  such  fi>r  instance  as  a  want  of  oxygenation  of  the  bloo<l,  which 
in  turn  may  be  caused  by  either  a  change  in  the  blo(Hi  itself,  as  in  carbonic 
oxide  poisoning,  or  by  a  failure  in  the  mechanical  conditions  of  respiration, 
or  by  a  cessation  of  the  action  of  the  respiratory  centre.  The  failure  of 
this  centre,  and  indeed  that  of  the  heart  itself,  may  be  caused  by  nervous 
influenoee  proceeding  from  the  brain,  or  brought  into  operation  by  means  of 
the  central  nervous  system  ;  it  may,  on  the  other  hand,  be  due  to  an  imper- 
fect state  of  blood,  and  this  in  turn  may  arise  from  the  imperfect  or  per- 
verse action  of  various  secretory  or  other  tisBues.  The  modes  of  death  are  in 
reality  as  numerous  as  are  the  possible  modifications  of  the  various  factors 
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of  life;  but  they  all  end  in  a  stoppage  of  the  rirciilntioo. 
drawal  from  the  tissues  of  their  internal  medium.     Hence  we 
aider  the  death  of  the  l)o<ly  an  marked  by  the  ccsMtion  nf  the 
A  oeasation  from  which  no  recovery  is  possible;  aud  by  this  we  are 
to  fix  au  exact  time  at  which  we  twy  the  body  i^  dt.'ad.     We  can, 
fix  no  such  exact  lime  to  the  death  of  the  individual  tisAueiL 
mechaniems,  and  their  death  is  a  gradual  Iohb  uf  power.     In  tbe 
ooutroctile  tisHucs,  we  have  apparently  in  rigor  mortin  a  fixed 
which  we  can  mark  the  exact  time  of  their  death-     If  w«^  admit  tliat 
onset  uf  rigor  mortia  recovery  of  irritability   is  impoanible,  (ben  a 
muscle  \»  one  permanently  dead.     In  the  case  of  the  other  cimucs  w« 
DO  such  objective  sign,  since  tlie  rigt)r  mortis  of  simple  protDpli 
fcHta  itself  chiefly  by  obscure  chemical  sigub.     And  in  all  casm  it  m\ 
that  the  possibility  of  recovery,  depending  aft  it  d<K^  on  tbe  skill  and' 
edge  of  the  ex|»erimeDter.  is  a  wholly  artiticial  sign  of  death.     Yet  wo 
drnw  no  ttiher  sharp  line   between  the  seemingly  d<*ntl  tiit^ac  whuae  ii1it\ 
fiickere4l  down  into  a  smuuMering  ember  which  ran   Ktill  be  fumed 
again  into  flnnie.  and  the  handful  uf  dust,  the  u     ■  T  chemioil 

Btancee  iuU»  which  the  decomposing  ti^ue  finally    . 

Moreover,  the  failure  of  the  heart  itself  is  at   Uaioai  Ki«  of  irHl 
and  the  po8eihility  of  recovery  here  also  rc«ts.  as  far  a«  i^i  known  at 
on  the  skill  and  kuowIe<lge  of  thoee  who  attempt  to  recover.     So  ibju 
all  the  signs  of  the  death  of  the  whole  IwmIv  nn*  as  artiBrinl  ha  (b.^e 
death  of  tbe  constituent  tissues. 


TilK  aoimal  body,  from  b  cbcmical  point  of  view,  may  be  regarded  as  a  muiture 
of  various  repreaentativoa  of  three  large  classes  of  chemical  subfltances.  viz.,  pro- 
teidn.  carbohydrates,  and  fatH,  in  association  with  smaller  quantities  of  various 
saline  and  other  crystalline  bodies.  By  prntcidn  are  meant  bodies  containing 
carbon,  oxygen,  hydrogen,  and  nitrogen  in  a  certain  proportion,  varying  within 
narrow  limits,  and  having  certain  general  leatur^'s;  thoy  are  frtHpiently  spoken  of 
as  albuiuinoids.  By  carbohydrates  are  meant  starohe;*  and  sugars  and  their  allies. 
We  have  also  seen  that  the  animal  body  niav  be  cronsidereil  as  an  asaemblage  of 
protoplasm  under  various  utoditications  and  ot  numerous  products  of  protoplasmto 
activity.  W(m1u  ni>t  at  present  know  anything  definite  about  the  molecular  oom- 
positioD  of  ariivc  living  protoplasm  :  but  when  wo  submit  protoplasm  to  chemical 
analysis,  in  which  act  it  is  killed,  we  always  obtain  from  it  a  considerable  qiian- 
tity  of  the  material  spoken  of  as  protcid.  And  many  authors  go  so  far  as  to  speak 
of  protoplasm  as  l»eing  purely  proteid  in  nature;  they  regard  the  living  proto- 
plaam  aa  pnxeid  material,  which,  in  parsing  from  death  to  life,  hnn  a^umed  cer- 
tain characters  and  presumably  has  l>een  changed  lo  eonfttruotion,  but  still  is  pro- 
teid matter:  they  Sfmietimes  speak  of  protoplasm  as  "living  proteid"  or  "living 
albumin."  I^  is  worthy  of  notice,  however,  that  even  simple  forms  of  protoplasm, 
like  that  constituting  the  bod^  of  a  white  corpuscle,  forms  of  protopla:«m  which 
we  may  fairly  consider  as  native  protoplasm,  when  they  can  be  obtained  in  suf- 
ficient (luatitity  for  chemical  analysis,  are  found  to  contain  some  representatives 
of  carbohydrates  nod  fats  as  well  as  of  proteids.  We  might,  perhaps,  even  go  as 
far  as  to  say.  that  in  all  forms  of  living  protoplasm,  the  proteid  basis  is  found  upon 
analysis  to  have  some  carbohydrate  and  some  kind  of  fat  associated  with  it.  Fur- 
ther, not  only  doc-s  ihe  nnmial  food,  which  is  eventually  built  up  into  protoplasm, 
consist  of  all  three  clat^scs,  hut.  as  we  have  seen  in  the  sections  on  nutrition,  pro- 
toplasm gives  rise  by  metabi>U>4m  to  members  of  the  same  three  clat^sei^:  ami.  as 
far  as  we  know  at  present,  carbohydralcs  and  fats,  when  formed  in  the  body  out 
of  proteid  food,  are  so  formed  by  the  agencv  of  living  protoplasm,  by  some  living 
tiaaue-  Henoe  there  is  at  least  some  reason  for  thinking  it  probable  that  the  mole- 
cule of  protoolasm,  if  we  may  use  such  a  phrase,  is  far  more  complex  than  a  mole- 
cale  of  proteid  matter,  that  it  contains  in  itself  residues,  so  to  speak,  not'  only  of 
proteid,  but  also  of  carbohydrate  and  fatty  material- 
Be  this  as  it  may,  for  no  dogmatic  statement  can  at  present  be  made,  when  we 
examine  the  v:iriouH  tissues  and  fluids  of  the  animal  body  from  a  chemical  fK)int 
of  view  we  find  present  in  different  places,  or  at  different  times,  several  varieties 
and  derivatives  of  the  three  chief  classes  ;  we  find  many  forms  uf  proteids,  and 
bodie»  closely  allied  to  proteids.  in  the  forma  of  mucin,  gelatin,  eto. ;  many  varie- 
ties of  tats  :  and  soveml  kind!4  of  carbohydrates. 

We  find,  moreover,  many  other  bodies  which  we  may  reirard  as  stages  in  the  con- 
structive or  destructive  uietabolism  of  both  native  and  differentiated  protoplasmi 
and  which  are  important  not  so  much  from  the  i)uantity  in  which  they  occur  in  the 
animal  body  at  any  one  time  a-*  from  their  thn>wing  light  on  the  nature  of  nnimal 
metabolism  ;  these  arc  .such  bo<lies  as  urea,  other  organic  cry.stalline  bodies,  and 
the  extractives  in  general. 

In  iho  following  pages  the  chemical  features  of  the  more  important  of  these 
various  substances  which  are  known  to  oocur  in  the  animal  body  will  be  briefly 
msidered,  such  characters  only  being  desoribed  as  possess  or  promise  to  jiossoss 
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pbysioloKical  interest.    The  physiological  function  ot*  nny  atit«t«iM« 
ultimately  on  it<  molciriilnr  utirlutling  ius  i-licinical)  nature;  anci  chongb  M  _ 
our  chemical  knowledge  of  the  ntnt^iitucnta  of  an  nnimal  btnly  giveit  «»  baft  Uk 
inHij?ht  into  their  ph^vBiulogical  firopertieK,  it  cannot  be  doubted  tkat  »aeh 
oal  information   as   m   atlainablo   is  a   nocesKUy  preliminarv  to  all  (** 
Btady. 

PR0TEID8. 

These  form  the  priocipal  solids  of  the  mu.«eular.  ncr\-tins.  and  gUiid 
of  the  serum  of  blood,  of  seroutt  tluid.H,  and  uf  lymph,     tu  a  brmhjhjr  oi 
sweet,  tesrs.  bile,  and  urine  coutaiu  mere  tracer,  if  any,  uf  proteidft.    liMir 
percentage  composition  may  be  taken  a^i 


0. 

From  20.9 
to  23.5 

From  50.0 
to  55.0 


H. 

A.g 

to  7.3 

6.8 
10  7-3 


N. 

KV2 

to  17.0 

154 

to  18.2 


c. 

51  .ft 
to  M.5 

22.8 
to  24.1 


8. 
,^S:(^j(Hoppe-8«ykr.«) 


ThcM!  nknirc-r  AK  olHfttiKM  tttiax  a  coaMdemUnn  of  nnmermH  «n*l]n^  «tifiit 
r«r"'  '•-iDKlinmaicfUl,  m brro  Uic  iKirliy  of  Uic  tulMtau«e  oi«falod 

nlt<  I 

111  til'*  kImivc  cmi-lilin'iil*    )iir>rt-l<la    I»nv<.'   >ui    Iciiii'mi;  »  vsHalii* 

tttf  '■"       ..I     .       >         ■  ... 

tbc  Ur,.  !,'',<: 

Illuin  i> 

nf  .-„ 

Thr 

uh  ttUli  iliu  t<ntlUd  u  4iiU  b  uuLluir  ut  uL»t,'um>,    Oiiil>^: 
Aili  on  iffTittiun, 

Proteid.s  a^  met  with  in  the  animal  body  am  all  amHrphoux ;  »omc  are 
poiue  iiiiMtlublo  in  water,  uud  all  are.  for  the  mttsi  pmt,  iniiohiblc  in 
ether;  they  are  all  sutiihle  in  htronc  aoid»  and  alkaht.H.  but  in  beo^cutog 
muAtly   undor^'o  dtcouiinxsitum.     Their  Mulutions   huss*!*  a  Ifft  KaJKl^ 
action  on  the  plane  of  (K)lArisation,  (he  atnonitt  depending  ctci   iari<Mt» 
stances,  and  beiiif?,  with  one  exception,  vii..  poptoiicat.  ehantt««d  by  Ikcaiioic, 

OryvUlN  tndi  whoMi  iHunfuMlUnti  i^rtMi 

■ltH^<  iihwrvMl  In  tho  m<««1h  <>r  tiiMriv  pi  ■ 

Ute-I      -  '-  ^ '•'  -  ' "'■    ' 

iM.hr  I)..    '     -.J 

COIlfiiiiii I'i'i    i"iiuM  uni  iMii-'  'II    I  iii|i-iii*. 

The  prejtonn*  of  protcitU  may  l>e  determined  by  the  fnllnwiog 

1.  Heateil  with  Mmn^  nitric  ueid,  thtfy  ur  their  ujlutiona  lum  yello«« 
oulor  ia,  on  the  additinn  of  ntuuionia,  or  eatititic  0O«la  or  potaab,  Rbaagvl 
orange  hue.     (Nitnihuprutciu  reaction-) 

2.  AVith   Millon'ri  reMgent  iher  ^ivc.  when  present  in  siiftsiuBt  qi 
pre**ipit«te.  which  turns  red  on  lieaiinp.     If  they  art*  ^'•''"  "ri-ient  ia 
precipitate  is  nb(aine<l,  hut  nit-n'ly  a  red  coloration  of  i  ■ 

a.  If  mixed  with  N>me  cunceMtrate<i  solution  of  soili.    ....  ...ae,  aik4 

drop9  of  a  iMiluiiou  of  oupric  sulphate,  a  violet  color  is  obtained,  which 
in  lint  dr  boilinit- 

The  abi»vt'  serve  to  detect  the  sniallcHt  traces  of  all  proteida.      1  *. 

t«itt«  may  bi;  used  when  thetv  i.t  mure  than  a  trace  present,  bM: 
every  kind  <d'  proleid. 

4.  Render  the  fluid  sir^:>nffly  acid  with  acetic  or  other  acM,  and  aiM  a  fr* 
of  a  solution  of  ferrocyanidc  nf  imtiuaium  ;   a  precipitate  ahova  tho  pi 
pmtcida. 

5.  Render  the  fluid,  a.t  before.  ^Innigly  acid  with  acetic  aetd^addntt  tarn 
uf  a  concentrated  Mjluti^m  of  jhxIic  sulphate,  tind  boil.  A  pfeetpiUI*  »! 
proteids  are  prcaent. 

I    Ililli     t-h\-*     I'klh     I  h..'fri     Aiiiil      K.1     It.     IKTr.L  S^  ZK. 


I    nWT9\.  a  Hi 


CHSUICAL    BASIS    OF    THE    ANIMAL    BODY, 
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■Mflifcwt  !■  HiAti.  not  ouly  oii  acvouDt  of  iu  ejuctncn,  bat  alio  Iwcftuie  Um  rwgonta 
I H^  dBfKMMltion  of  other  bndles  which  ma;^  he  present;  and  henM«ner  flltmtloo 

InnyMMUier  anatyseillbrotbcrsuhitancea.    Addfllonitl  methods  of  ft«eliis  a  solo- 

tSni  tmia  protatdi  nv:  addubiiin?  with  acetic  Mctd  Kiid  bolllnK,  avoldlntt  any  excemof  tlio  add; 
pKcipitatirm  by  exoCBS  of  alcuhut :  In  (he  iHiltT  l-uj(C>  ilie  wjltitlon  must  bc>  nvutrul  or  faintly  acid. 
Ilof'frf-P^ylor'  Tvoommendi  thp  emrilnyment  at  a  f^turate*:!  ir»hitiiiii  nf  lYenhly  preoipltiitcd  fferrlc 
branite.  In  nceUc  acid  ;  thin  1b  Added  lo  ibe  Mlution.  and  on  boilinir  tiic  whole  of  iho  proield«  ara 


BtiH.-ipitattid  as  well  as  thu  ferric  nail,  the  latter  aa  a  bade  accuie.    Uruck^'s  method  of  removinff 
le  last  tnicol  i>f  pnjtvidii  ftxmi  kI>'*'98«ii  lolutloni  i«alN)Of  uxe  (w.'v  Kb'c«^*fri-*n)-    PrccliHlatloo  of  the 
last  tracvs  of  pnit<lrl«  hy  mearu  of  nydmted  oxide  of  lead  nt  a  boiling  temperatare*  may  t>e  alan 


[Solutions  may  entirely  be  freed  from  proteids  by  one  of  the  following?  methfjds: 
(1)  Add  aeetic  at*i(l  to  faiot  acidity,  then  tannic  acid  ;  (2)  render  acid  with  hydro- 
chloric acid,  then  add  iodide  of  mercury  and  potassium  ;  (;i)  render  decidedly  acid 
with  hydmchloric  acid,  then  precipitate  any  proteids  in  solution  with  phosplio- 
tune^tiu  acid.] 

iS-oteidh  may  be  conveniently  divided  into  clt 


Class  I.     Native  Albumins. 


Members  of  thiu  da»»,  as  their  name  ImpHeH,  occur  in  a  natural  condition  in 
animnl  tisauei*  and  fluids.  They  are  soluble  in  water,  are  not  precipitated  by  very 
dilnic  nv'\<]9,  by  earboimtes  of  the  alkalies,  or  by  sodium  chloride.  They  are 
ccmgidated  by  heating  in  {solution  to  a  temperature  of  about  70°  C-  If  dried  at 
40'  C.  the  roauliing  mass  is  of  u  pale  yellow  color,  easily  friable,  tasteless,  inodor- 
ous and  soluble. 

K  Egg-albumin. 

Forma  in  a4ineou9  solution  a  neutral,  irnnsparent,  yellowish  fluid.  From  this 
it  13  precipitnted  by  excess  of  stronjr  alcohol.  If  the  alcohol  be  rapidlv  removed 
the  precipitate  may  be  readily  redissolved  in  water,  if  subjected  to  leiiirthier  action 
a  coagulation  (xrurs,  and  the  albuujtn  is  then  no  longer  thus  soluble.  Strong 
acids,  especially  nitric  acid,  cau^e  a  coa>;ulation  siiuitar  lo  that  produced  by  heat 
or  by  the  prolonged  action  of  alcohol ,  the  albumin  beconiCM  pnifouodly  chantfed 
by  the  action  oi  the  acid  and  does  not  dissolve  upon  removal  of  the  acid.  Mer- 
curic chloride,  argentic  nitrate,  and  lead  acetate,  prcripitale  the  albumin,  forming 
insoluble  compounds  of  variable  com|)Osition  witli  it :  tho  precipitunis  may  be 
removed  bv  means  of  sulphuretted  hydrogen  and  the  albumin  ligaiii  obtainedi 
apparently  unaltered,  in  sobition. 

Stnjng  acetic  acid  in  excess  gives  no  prceiptUle,  but  when  the  stduuun  is  cOD- 
centmted  the  albumin  is  transformed  into  a  tranisparent  jelly.  A  similar  jelly  is 
produced  when  »  strong  caiisiio  potash  is  addetl  to  a  concentrated  solution  uf  egg- 
albumin.  In  Itoth  these  cases  the  substance  is  profonndty  altered,  becoming,  in  the 
one  oaac.  acid  ;  in  the  other,  alkali-albumin. 

The  apecitic  rotatory  power  of  egg-albumin  in  aqueous  solution  is,  for  yellow 
light.  — ;i5..V.  Hydn>ehlorie  acid,  added  until  the  reaction  is  strongly  acid,  in- 
creases this  rotation  to  — 37.7®.  The  foruiation  of  the  gebtinou.'s  comnound  with 
caustic  potash  is  at  tint  accompanied  with  an  increase,  but  this  is  followed  by  m 
decrease  of  rotation. 

Prtpttration,  White  of  hen's  egg  is  broken  up  with  acipHors  into  small  pieces, 
di  ut«d  with  an  equal  bulk  of  water,  and  the  mixture  shaken  stmngly  in  a  tlaak 
till  nuite  frothy;  on  standing,  the  foam  rises  to  the  top.  and  carries  all  the  tibrea 
in  wnoi*e  meshwork  the  albumin  was  contained.  The  fluid  from  which  the  foaro 
has  been  renmved,  is  strained^  and  treated  carefully  with  dilute  acetic  ueid  as  long 
aa  any  precipitate  is  formed  :  the  precipitate  is  then  tillered  off.  and  the  filtrate 
aAer  ncuiralizaiion  puritied  by  dialysis  and  then  concentrated  at  Mf  to  Mts  original 
bulk. 

2.  Serutn-albuxoln. 

Tliis  funn  of  albumin  r&scmblc.%  to  a  great  extent  the  one  previously  deacribed. 
The  following  may  suffice  ns  distinguishing  features : 

I.  The*  snccitic  rotation  of  serum-albumin  is  — 56**;  that  of  egg-albumin  la 
— 35.5".  boili  measured  for  yellow  light. 


op.  dl..  8.  227. 


«  nufinelster,  Zelticbr.  f.  Phydol.  Cham,,  Bil.  H.  (ISTm^  9.  2SF. 
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2.  Serum-albumin  is  not  coagulated  by  beinii;  fihaken  np  with  Pth«r; 
mill  h. 

3.  SeruiiiAlbumin  is  not  very  readily  precipiifiteH  bv  «tr"-'  •■'• '^'•ohlario 
ftnd  fiiich  |»rccipitatc  ils  docs  twcur  is  reaiiily  redissolvcd  on  '  MiuoQ  **f 
acid;  the  exact  reverse  of  ihcse  two  featiiroa  holds  goiMj  tor  i  __  -:uin. 

4'  Precipitated  or  eua^tnied  seruni-Hlbumin  la  readily  fluluble.  eig(-fllbai 
with  difHuuky  soluble,  in  BtronK  nilrie  acid. 

5    K^tf-»U>uiuiii.  if  injected  ttuboutanouimly  or  into  a  vein.  »pp««» 
the  iiriiic;*  aerum-albumin  similarly  injected  does  not  ibu»  uortnmlty 
kidney. 

[i\.  Oautler  stnien  that  10  co.  of  the  following  •oiniion,  iddetl  to  Sccjif] 
solution  to  be  tested,  will  prooipitate  G|t^-nlbutuin  but  not  Mrumalbumin 
floda.  sp.  gr.  0.7.  350  o.v. ;  1  per  ooot-  sulphate  uf  eopppr,  3<)  o.e. .  itUrial 
acid.  7iH)c.c.] 

Soriim-albumiD  is  found  not  only  in  blood -situ  lu.  but  abto  to  tympb,  b«iih 
contained  in  the  proper  lytuphatio  channels  and  that  diffuaed  t«  iIm 
chyle,  milk,  transudations,  and  many  patholotrioal  fluids- 

It  is  this  foiTD  in  which  albumin  genfrally  apptrant  in  tha  orio*. 

In  ttrt«tttinn  to  rh"'  ntvivi.',  S*'h«rei*  tiuM 
rmni  I  .1         'nibumiu.    'I : 

tlui-  :i.-  very  nuiv 

Wli  ■  IbHM.      iIh-  ' 

6.  I  -  «  WKOtatcl  ' 

llll"  iicttoiw  of -I 

tht'  'vclpluted  In 

IWlrt-.'^iiiin  ;  It  l^   lia'fJI'lUIC'l.  iHlt  llfHCfMirilu 
bulltoK 


i7r1t»n.1  tw■^  rtr.i*Iy  ivim«1  boHiH,  to 

'-'aaoflto:  Ma 
it»od»fca|Piiliiflik- 

ftdrataAoal 

ieadd  aad 

1.  b>-  alojbul  i  itj  Mjluti  ill  iM  wemrmtf 


Albumins  are  cencrally  rnuml  associated  with  timall  but  drtiriiti* 
Baline  mutter.  A  Schmidt*  bays  that  thoy  may  ht*  freed  fnim  tbcv*  hy  ^alplft 
and  thai  they  are  then  not  coagulated  on  boilimt.  From  this  it  luiKht  ht  kafenm 
that  the  albumiti  und  the  saline  mattent  were  |>eculiarly  reUt<d.  and  ilial 
latter  nlayed  some  special  part  durinic  the  ooatt^ilfltion  of  th4> 
Schmidt's  ob>«rvations,  however,  have  not  been  conclusively  c«inubor«ti 
SLHiucnt  observers. 

Cl«\flA  II.  Derived  Alhttmiiu  {AlhumwaUt). 

1.  Aoid-albumln. 

When  a  native  aibuuiin  in  solution,  suob  as  BoraiD-albumin.  m 
little  time  with  a  dilute  acid,  Kuch  as  hydrochloric,  the  pMpertiea 
ohaiiKed.      The    most   marked   chaiitfe!»  are:    (I)    that  tho  autotiun 
ooatrolated  by  beat .  {'!)  that  when  tlie  sotutiim  U  car^fuUy  MuUaltted 
of  tho  protoid  in  thrown  down  as  a  pn»oipitat«  ;  iu  other  worda,  tba 
which  wa4  holuhtc  in  water,  or  at  least  in  a  neutral  fluid  tNintami 
quantitv  of  neutral  sidra.  has  liecomc  converted  into  a  jiulMianc^ 
ur  in  Himilar  neutral  fluids.     The  body  into  win") 
o<uivcr(c<l  by  (ho  action  of  an  aoid  in  spoken  of  »- 
features  are  thxt  it  is  insoluble  in  distilled  \tr:it< 
such  as  tho<4C  of  s<Mlie  chloride,  that  it  is  r 
alknlics.  nnd  that  itit  Mdution»  in  tfi'l*;  nr  .\ 
When  suHixjuded,  in  the  undiss"'  n  ^*  .i 

coniet  cimKulated,  and  is  then  u>>  ■ 

or  indeed  from  any  other  form  of  nci-uuljitcd  pnjt4-td  it 
Stance  when  in  aolutiun  in  a  dilute  at-id  is  in  a  ditferent 
which  it  is  when  precipitated  by  i,  ' 

albumin  be  treated  with  dilute  l< 
vention  of  the  native  albumin  into  .» -hi  ;u«Miiijn 
to  7<r  (.\  tmniLMiiutely  afier  the  adduion  of  the  ' 
as   usual:  and  atiutbor  ttitccimen   taken  at  the 


riiiTi    1 1 1  iTirtiin 


1  9\i 

Arcti 


'  ( 


tTi«,  xxrch    PTp  «nr  \(^  t" 
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^^cipitaie  on  neuiralization.  Some  time  later,  the  intervnl  depending  on  the  pro- 
pnrtinn  of  the  ueiti  to  the  albumin,  on  teu][>erature.  tiiid  on  other  eireuiUBianeeH* 
the  coa^uiutioii  will  be  le^.  and  ihe  neutraUztition  precipitate  will  be  eonsideiiible. 
Still  later,  the  coiiKuUtion  will  lie  absent,  and  the  whole  of  the  proieid  will  be 
thrown  down  on  neutralization • 

If  finely  chopped  uiiwcle,  from  which  the  soluble  alhutnins  have  been  removed 
by  repeated  waahinff,  be  treated  for  ^ome  time  with  dilute  (0.2  percent.)  hydro- 
chloric acid,  the  greater  part  of  the  mnet'le  is  diswilved.  The  transparent  acid 
filtrate  ciuitaiuH  a  large  quantity  of  pn>ieid  material  in  a  form  which,  in  its  gen- 
eral charactere  ut  leu^t,  airrecb  witli  urid-albiiiuin.  The  acid  solution  of  the  pro- 
tetd  ia  not  coagulated  by  boilini;,  but  the  whole  of  thu  proteid  i»  precipitated  on 
neutralization,  and  the  preeinitute,  itiiK)luble  in  neutral  sodic  chloride  solutionB, 
is  readily  dissolved  by  even  uiluto  acidft  or  alkalies.  The  proteid  thus  obtained 
from  mu*iclo  has  been  called  gyttttjnt'n.  but  We  have  at  present  no  8atisfaclor>*  te^t 
to  diiitinguish  the  acid  albuitiin  lor  .-yutrnin)  prcpare<l  from  muacle  from  that 
prepared  from  eiig-  or  serum  albumin.  When  coagulated  albumin  or  other 
coasuluted  proteid  or  fibrin  ib  din^olved  in  strong  acids,  acid-albuuiin  ia  formed; 
anuwbtMi  Obriri  or  Hoy  oilier  proteid  is  acted  upon  by  K^^iric  juice*  acid  albumin 
is  <iD6  {y\  the  (ir>l  p^>ducts  ;  ami  the^c  acid-albumins  cannot  be  distinguished  from 
acid  albuuiin  prepared  fruni  umsole  or  native  albumin.  Tlinugh  hydrochloric 
acid  id  pcrhai>H  the  most  convenient  acid  for  forming  a<*id-alhumin,  other  acids 
may  also  be  used  for  the  purpot^c  of  preparing  it.  Acid-albumin  is  soluble  not 
only  in  dilute  alkalies,  but  also  in  dilute  soluiions  of  alkaline  carbonates;  it« 
solutions  in  these  are  not  coagulated  by  boiling. 

If  mhIIc  pho>phate  in  excess  \s  added  to  an  acid  solution  of  acid-albumin,  the 
acid-atbumin  is  precipitated:  this  also  occurs  on  abiding  sodic  aoeiiite  or  pbofl- 
phate. 

As  special  tests  of  acid-albumin  may  bo  given:  1.  Partial  ooAgaUtion  of  its 
solution  in  lime-water  on  boiling.  2.  Further  precipitation  of  the  same  solution 
after  boiling,  on  the  addition  of  calcic  chloride,  maguesio  sulphate,  or  sodio 
chloride- 
Dissolved  iu  v«ry  dilute  hydrochlorio  acid,  acid-albumiu  (synloniu)  prepared 
from  muscle  possesses  a  specific  Irovo-rotatory  power  of  — 72^  for  yellow  light,  this 
being  independent  of  the  concentration.'  On  heating  the  f^olution  in  a  closed 
vessel  in  a  water-bath,  the  rotalorj-  power  ri:^es  to  — S4.»''. 

The  body  known  ai^  para]>cptonc.  which  makes  its  appearance  during  the  peptie 
digestion  of  proteids,  is  closely  allied  to  thu  substances  just  described. 

2.  AUcali-albuimn. 

If  serum-  or  egg-albamin  or  washed  muscle  be  treated  with  dilute  alkali  instead 
of  with  dilute  acid,  the  proieid  undergoes  a  change  t)uile  similar  to  that  which 
was  brought  about  by  the  acid.  The  alkaline  solution,  when  the  change  has 
become  complete,  is  no  longer  coagulated  by  heat,  the  proteid  is  wholly  precipi- 
tated on  neutralizatiim,  and  the  precipitate,  in.tolublc  in  water  and  in  neutral  sudic 
chlorine  soluiiurm,  U  readily  Kiluble  in  dilute  acids  or  alkalies.  Indeed  in  a  gen- 
eral way  it  may  bo  said  that  acid-albumin  and  alkali  albumin  are  noihing  more 
than  solutions  of  the  same  substance  in  dilute  acid-s  and  alkalies  respectively. 
When  the  precipitate  obtained  by  tbe  neutraliiuttiou  of  a  solution  of  aciu-albumm 
in  dilute  acid  is  dissolved  in  a  dilute  alkali,  it  may  be  considered  to  become  alkali- 
albumin  ;  and  conversely  when  tbe  precipitate  obtained  from  an  alkali  albutuin 
solution  is  dissolved  in  dilute  acid,  it  may  be  regarded  as  acid-albumin. 

It  is  stated'  as  a  charact^'ristic  reaction  of  this  modified  or  derived  albumin  that 
it  is  not  precipitated  when  its  alkaline  solutions  arc  neutralized  in  the  presence  of 
alkaline  phosphates;  solutions  of  acid-albumin,  on  the  contrary,  are  said  to  be 
precipitated  on  neutralization  in  the  presence  of  alkaline  phosphates,  and  this 
difference  is  considered  to  be  a  distinguishing  feature  of  the  two  proteids.  Bat 
doubt  has  been  cast  on  this  statement.' 

Alkali  albumin  may  be  prepared  by  the  action  not  only  of  dilute  alkalies,  but 
also  of  *^trong  caustic  alkalies  on  native  albiiiiiin.^  as  well  as  on  coagulated  alba- 

1  Ho|i|Kv8e7ler.  Hdb.  Phn.  Path.  Cbem.  Anal..  Kd.  It.  (1875).  8. 1M. 

'  Hofipe-Serler.  toa  olt .  9.  MA. 

•  Soykju    rdiiser't  Arch.,  Bd.  xU.  (18?<).  S.  547. 
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uiin  fint^  other  pmtoidri.    The  jelly  produced  hv  ibi!  ilciiod  ot  oiaaic* 
while  ot'ef^g,  spi)ken  ofin  Cliua  I.,  1.  is  alkali-aluumin  ;  the  !iimitar  jolly  firadi 
bv  Biron^;  ucoUl*  arid  in  at^^id-albumin.     One  of  the  iiio»(   ppMiuctivc 
oblainini;  iitkali  alhuiiiin  U  that  introduoed  by  LieUcrkUhn.'  nod  oi 
a  strong  !>olutioii  of  oauHtic   |>ota>4b  lo  punticd  white  of  egg  nncil  the 
tioned  Jelly  i8  oblaiiieil.     Thin  is  then  rut  into  small    piriTn.  and  dii 
quit*'  white.     The  hiinps  are  tlii?n  diH-M)lvod  by  heatintt  >•»  lii-   w  »tcr 
alkuh-albiiiniii  pnuMpitaiiuI  by  the  i^refiil  adtlition  of  i 

lioth  alkali*  and  acid-albumin  an^.  with  difhoulcy  pri  .  )ty  alcohcd 

their  alkalinv  or  aoiid  aohitiuna.     The  iieutnilizatiun  preeipitstc*.  howeTCTr 
oooKidateil  under  the  prolun^ed  action  uf  alculuil. 

The  body  "nrotdn."  dat^riljed  Uy  MuMcr.  «ii(io«ni,  ir  U  cxlitoftt  All.  toteetoaftty  ctmm 
UtitthoAj.    All  subKqnent obstsrven  harv,  Itawcsver,  flUtnl  lo  cuttflm  hl« 


The  roUioty  power  of  alkah-albumin  varies  aocorxiin^  tu  ita  avnrv>t» ;  fltfi»  w(h« 
prepared  by  HiruiiK  oauBtiu  |:M>tUnh   from  tieruiu  albumin,  tho  ^ 
— 5*)*   (ihar  of   soruni  albumin)   to — 8G*;  for  yellow  light.     »** 
from  egg-albumin,  it  lise*  from  —385'*  to  —47^;  aod  if  from  ocuijFnMU'g  w 
egir.  it  rises  tu  58.8^.     Hence  tbe  existenoe  of  rarioaa  fonoi  of  MkmB-a|! 
probable. 

In  ftdditioa  lo  tta«  mathod*  frlvon  above,  alkaU^albaialn  mar  be  aUo  ravttty  oinaii 
mitk  wUb  itfoa;  c&oitlc  anAh  anludoa  and  cLbar,  removltur  ilie  elbanaJ  ■oluMafc, 
remaintnif  dnld  wllb  aoeUo  acid  aud  wii«t)liuF  the  predHUI*  wllb 

Tlie  uinHl  aatiafaclory  method  of  regarding  acid-  and  alkali -«lba in io  i»  to 
Rider  them  as  respectively  aoid  aud  alkali  cumpuunds  uf  the  aeutraliMtiM 
cipitate.     We  have  reason  to  think  that  when  the  precipitate  b  diaMtlrad  b 
an  Hcid  or  an  alkali,  it  doea  enti^r  int^j  combinauun  with  ibttui.    Tbe 
tion   pre<;ipitate  is  in  itself  neither  acid-  nor  alkaline  alhamta,  bot  taftjr 
cilher,  upon  solutitin  in  the  re<|>ectivc  reaecnt. 

It  !■  |>niiMiilti  tluit  .'<cv  .  to  tiM  ttmwM  9f 

they  »rv  fnrinc«l  nr  pot^-  ui  xhtt  aacJi  «f  i 

•alst  111  lu  currolatlvo  i»<M»  <-i  .......ut.'i  itik.u-»wuui>i> .  i-'.y  iuv  ^,m^lv 

InfwtlKBilon. 

Aetd-albunilri.  preparaJ  by  the  direct  action  of  dilute  acids  UQ  native 
or  on  miiiM^h'-HnbManoe.  coutaiuM  sulphur,  m  hhown  by  (ho  brown  oolaniikw  mkmk 
app<,*nr>i  when  the  precinitAte  i«  heatcil  with  canstie  potn-^    -  '^~  -•     t^oemofhttif 
lead  aet^tate.     Alkali-alnumin,  at  all  cvcnU  art  prfpar.  .q  of 

caustic  [H>la!4li  or  soda,  does  not  nmlain  anyMdfdiur;  .i.^  i  ....  -  . 
pared  by  the  wilution  in  uri  aoid  of  the  neutnilinAtion  precipiut« 
Alkali  albumin  .H4>liiiiori.  \h  siinilitrly  fr>-r  fmiti  •^iilitluir 

3,  Oaaeln. 

This  is  the  well-knowu  proteid  existing  in  milk.    When  ftwd  ftoaai  &t, 

tbe  moist  condition,  it  iaa  white,  friable,  onaquc  body.     In  noai  of  ttt 
it  eorrca|>onds  doHcty  with  alkali  iitbuniin  ;  inuaif  ia  readily  f«(>lub4«  ia  dflttls 
and  alkaliea,  and  ia  re-precipitAted  on  neutraliKalion  ;   if,  howvvvr.  pitaflM 
phate  \»  proaent,  as  itt  ine  case  iti  milk,  the  aotutiun  muat  be  atraoKly  aeM 
any  pre«?ipitato  is  obtained- 

Varloii*  rMTtiona  hava  at  dlOterent  Uin«a  bean  ualvMri  to 
okvoly  alUod  b<«lv  ''''^'■"  -»>-<"-'-     '■'<■•'  r— —«,»,..  i.*.A   k 
doublon  tboMdi:' 
bfl  left  an  open  qn 

Caaata,  a«ooout 
lOM  tbdr  ImpOTtn 
■Deb  aa  poUale  [>! 
Cfwje  f'f  i-.i«— t,. 
aher'- 
cdplto 

OOeuli. ;^     „ 1.    „...     ,.;c--....-      .u,.    .,....,  -«-,    

phuMpfaalo.* 

I    t'->o<i'>>k<1'>rtT'a     KtiiaN.i.      ILt     I  •  h  ■  wl       ft     ||0 
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When  pnpAred  from  uiilk  by  uiaKnesic*  sulphate  (aee  below),  freed  by  ctber 
iroiii  fkta*  ftM  dis^lvcd  in  water,  casein  pottseaaes  a  specific  rotatory  power  of 
— 80*  for  yellow  !i>rht ;  in  dilute  alkaline  flolmions,  of — 76  ;  in  stronif  alltaline  solu- 
tiou8,  of — yi';  in  diluie  hydrochloric  ucid,  of — 87^. 

CaseiD  has  bccD  assorted  to  occur  m  uiusclc.  in  scrcas  fluids,  and  in  blood-soratii 
(serum-casein).  In  many  ca.sc8  it  has  probably  been  (^unfounded  with  globulins 
(see  CIkmh  IIL);  but  bluod-t<uriiui  ana  uiUHcle-plH*-uia  undoubtedly  contain  un 
alkali-albumin  in  addition  to  wbate%-cr  globulin  may  be  present,  but  the  ii^nal 
doubt  exist::^  as  to  the  identity  of  this  with  tnie  casein.  Its  presence  may  be  shown 
by  adding  dilute  acetic  neMi  to  bloo<l  Henini  which  Iulh  l>een  freed  from  globuhn  by 
a  current  of  carbonic  anliydride  ;  a  distinct  precipitate  is  thrown  down.  A  aub- 
Btanoe  similar  to  casein  has  also  been  dcsoribo<]  a^  existing  in  unstriated  muscle  and 
in  the  prolo^jlasm  of  nerve-cells. 

I're}Mir<itt'in.  Dihite  milk  with  several  (10  to  15)  times  its  bulk  of  water,  add 
dilute  acetic  acid  till  a  precipitate  begins  to  appear,  then  pa^  a  current  of  carbonic 
anhydride,  filler,  and  wash  the  precipiiare  with  water, alcohol,  and  ether;  the  com- 
plete removal  of  tho  fat  cArriei!  down  with  the  casein  presents  poiue  difficulties. 
Magnetic  sulphate  nddcd  to  saturation  also  precipitates  casein  from  milk  ;  the  pre- 
cipitate OS  thus  turuied  is  readily  soluble  on  the  addition  of  water. 


Class  III.    Glohuh'n»- 

Bc^idecj  the  native  albumins  there  arc  a  number  of  native  protclds  which  differ 
from  the  albimiinH  in  not  being  soluble  iu  diHtilled  water;  they  need  (or  their  solu- 
tion the  presence  of  au  appreciable,  though  it  may  be  a  small,  quantity  of  a  neutral 
saline  body,  such  us  sodic  chloride.  Thus  they  resemble  the  AJbiiminates  in  not 
being  i^oluble  in  distilled  water,  but  differ  from  thum  in  being  .noluble  in  dilute  sodio 
chloride  or  other  neutral  valine  solutions.  Their  general  characters  may  be  stAicd 
as  follows: 

They  are  insoluble  in  water,  soluble  in  dilute  ( 1  per  cent.)  solutions  of  sodic  chlo- 
ride :  they  arc  alnu  .soluble  in  dilute  acid*(  and  alkaliei^,  being  change<l  on  solution 
into  acid-  and  tilkiili-albumin  respectively  unless  the  acids  and  alkalies  are  exceed- 
ingly dilute-  The  saturation  with  solid  sodic  chloride  of  their  solutions  in  dilute 
sodic  ohluride,  preoipttate.s  most  members  of  this  class. 

1    Globulin  {CryBinUin). 

If  the  crystalline  lens  be  rubbed  up  with  6ne  sand,  extracted  with  water  and 
filtered,  the  Hltnilc  will  be  found  to  contain  at  least  three  proteids.  On  passing  a 
current  of  oiirbonic  anhydride  a  copious  precipitate  occurs  :  this  is  globulin. 

Tbc  AddlUoii  of  liUMxe  ftci-ilc  acid  Ut  lh(s  niiritti  ftum  ibo  globuUn.  stvei  a  piecJpltat«  of 
alk«U-k.lbuii)ln  ;*  uml  Uie  tUiraic  ftom  tlils.  If  healed,  g\vm  r  furtiier  piwptlaUi,  dno  lo  wenitD- 

ftlbtlllllD. 

In  itfl  general  rea«rtion<  globulin  corresj>t)n<is  almost  exactly  with  the  next  mem- 
bers of  this  class  (paraglobu)in  and  fibnnogen),  but  has  no  power  to  form  or  pro- 
mute  the  formation  of  fibrin  in  fluids  containing  the  above-mentioned  bodies,  and 
poesesses  the  following  special  features  :  1.  According  to  Ijchmann,  it«  oxygenated, 
neutral  solutions  become  cloudy  on  heating  to  73^  Cm  and  are  coagulated  at  93^  C 
2.  It  is  readily  precipitated  on  the  addition  of  alcohol-  Aceonlin^  to  Hoppe- 
Se^ler,  it  is  not  pretiipitated  on  saturation  with  sodic  chloride,  resembling  vitallin  in 
this  respect. 

AocordlDK  to  Kubne*  and  Elchwald*  a  globulin  wUb  prowrtles  idoutlcftl  with  thrAe  iuitt  glruti 
oujr  be  proclpAUterl  trom  dilate  96111111  by  the  cnutloiu  addilioa  ol  *eetio  add.  Thl«  hndy  Is 
■baled  by  Wvvl*  10  te  tbe  nxae  as  paragiobuUn  (libiiuoplasiiD),  tbe  latter  differing  trom  li  only 
by  *  small  aaniixturt!  nf  6bHu-tunDenl, 

2,   ParafflobuUn  {Fihrinoplajitin). 

Preparation.    Blood-senim  is  diluted  tenfold  with  water,  and  a  brisk  current  of 
ic  anhydride  is  passed  1  hrough  it.    The  first-formed  cloudiness  aoon  becomes 

1  Bal  9M  alto  Ptmcefi  Arab.,  Bd.  xlll.  (I97S),  8.  «31. 
i  Lehrb.  d.  PbjrsloL  Cbem..  \m.  8.  I7&. 

>  Boltram  xur  Ctiam.  d.  BewebabtM.  Sabst.,  Berlin,  IRTS,  H.  1. 
ItKhr.  f."     ~"  ■  -  - 
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Phydol.  Chom..  M.  I.  (!«»,  S.  79. 
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a  6oocu)ent  precipitate,  which  ia  finally  nnite  granular,  and  may  eiutily  be  sej 

by  decantaiiuD  aiiJ  fiiti-aiiou  ;  it  should  oe  washed  on  the  tilior  with  water  eoDtttn- 

iDf  carbonic  acid. 

It.  has  Ubually  been  stated  that  parnglobuliD  may  be  separated  from  ecniia] 
satiiraiiun  with  Hodic  clilorido.     Bui  HuiDiuanDtuu'  ha.s  shown  thai   this  is  on! 
part  true,  a  considerable  purtiou  of  the  glubulin  reuiaiiiin>;  uopiecipitated. 
separation  may,  however,  be  completely  effected  by  saturation  with  lua^esic  «!- 
pbate.     When  determined  by  ibiei  method  the  amoaut  of  pnniglobulin  in  sentmii 
very  conHiderahle,  amounting,  in  some  cases  aocording  to  Huiiimar8tcii.  to 
an  4.oiJri  per  cent,  (reckoned  on  llKt  e.c.  of  serum).     The  quantity  sccma  to  vi 
different  uniuuaU,  the  precipitation  being  muuh  more  complete  in  tterum  fi'oi 
blood  than  in  that  Irom  the  blo^td  of  horses. 

From  iiti  solution  iu  dilute  sodic  chloride,  pavaglobulin  may  be  precipitated    

current  of  carbonic  anhydride  or  the  additi4in  of  rxfetdhtfjty  tlifutt  (less  than  I  pn 
mille)  acetic  acid.     If  the  acid  18  t^trung.  the  precipitated  proteid  becumes  imoiMi- 
ately  changed  into  acid  albumin  (CIusb  11.,  1).     lu  pure  water,  free  from  oxygfs, 
paraglohulin  is  insoluble,  but  on  shaking  with  air  or  passiuf^  a  current  of  oxviran, 
Boluiiun  readily  lakcd  place;  Irom  this  it  may  be  re-prccipilatcd   byaci-n 
carbonic  anhydride.      Very  dilvie  alkalies  dissolve  this  body  without  ch:r 
however,  the  strength  of  the  alkali  be  raised  even  lo  J  percent,  the   para^iuui 
ia  chnnged  into  alkali  albumin  (Class  II-,  2|. 


ntmii 


According  to   Kuhne  and  A.  Schmidt  the  HolntionH  of  this  bodv  in  water 


i 


sodic  chloride  solutions  do,  however,  coagulate  when  heated  lo  68°-Tn°  C.,'  aiM 
if  the  subiitance  itself  be  suspended  in  water  and  heated  to  70°  C.  it  is  cuagulatad 
Although  insoluble  in  alcohol,  its  solutions  are  with  difficulty  precipitated  by 
reagent. 

Faraglubulin  occurs  not  only  in  blood-serum,  but  it  is  also  found  in  whit 
pusclcs,  in  the  siroma  of  red  corpuscles  (to  some  extent  at  least),  in  o«>ni 
tissue,  the  cornea,  aqueous  humor,  lymph,  chyle,  and  serous  fluids. 

For  the  ocourrenoe  of  globulin  tn  urine  see  Edleten*  and  SenatoM 
'^,  Fibrinogen. 

The  general  reactions  of  this  bod.v  are  identioal  with  those  of  paraglobulin. 
most  marked  difference  between  the  two  is  the  point  at  which  coa^'ulution  of  then 
solutionh  takes  plaoe.  HammarMen*  has  shown  that  fibrinogen  in  a  1-5  per 
solution  ol  sodic  chloride  coagulates  at  from  52^-^6°  C,  whereas,  as  stated 
paraglobulin  (Hhrinoplasliu)  coagulates  first  at  from  CH^-Tlf"  (J.  This,  hoi 
is  disnuled  by  A.  Schmidt,  who  holds  that  the  8ul>stauce  coagulating  at  yi^-l, 
not  fibrinogen,  but  a  sort  of  nascent  fibrin.  There  is  also  a  marked  different 
the  precipiiability  \)i  the  bodies  by  sodic  chloride.  (See  below. )  Other  dtfferttiM 
between  the  two  may  be  thus  enumerated:  In  precipitating  fibrinogen  by  a  cuT 
rent  of  carbonic  anhydride  the  containing  fluid  must  be  mnch  more  stnmgly  dilut«iL 
and  the  gas  must  pass  for  a  much  longer  time.  The  precipitate  thu&  obtained 
differs  from  that  of  paraglobuHn  in  that  it  form.H  a  viscous  deposit,  adhering  noR 
closely  to  the  sides  and  bottom  of  the  containing  vessel ;  there  is  alsu  Du  floocnlttl 
stage  previous  to  the  xiscous  precipitate. 

Fibrinogen  occurs  in  blood,  chyle,  serous  fluids,  and  in  various  tmnsudoci 
The  relations  of  fibrinogen  and  paraglobulin  to  the  formation  of  fibrin  hare 
discussed  in  the  text,  p.  4U. 

Prepfirniion*    Salted  plasma,  obtained  by  centrifugalizing  blood  whose 
tion  is  prevented  by  the  addition  of  a  certain  pro}>ortion  of  magncsic  si 
mixed  with  an  enual  volume  of  a  i-aturated  (;i5.87  per  cent,  at  14^  C.  )^ 
sodie  chloride  ;  toe  fibrinogen  is  thus  precipitated,  while  the  paniglubulin  tt\ 
in  solution.    The  adhering  plasma  may  be  removed  by  washing  with  a 


1 

^n^iJ 


«  PfiUser's  Archlv.  Bd.  xvli.  H878).  8.  4-16 ;  Bd.  xviil.  (1878).  a  88. 

*  Uammitnitcn.  op.  clt. 
>  GentmlbUU  f.  med.  WIm.,  Jafarg.  1>T0,  S.  sn?.    Alw  Arch.  f.  ktin.  Med..  VA.  rU.  S.|^X 

*  Vtrchow'ii  Arcbiv,  Bd.  Ix.  a  47(t  ^  t'jMilA  I.AkarefiirenlngiriirhaDdUDgu'.    Bit.  xl. 

*  Bee  UniDiDftnicn.  Nov.  Act.  Kok.  ^^h:.  Scl  .  UnwU,  Bor.  Ul.  vol.  x.  (lt^&),  p.  XI.    Abo  rai 
rcblT,  Bd.  xlx.  rlK/O),  8.  fi^.  ■.mlBd.  xxll.  (1>^8(IK^1.  431. 
'  n^Otele,  Ann.  Chiiii   I'liyn.  (:s),  vul.  vili.  p.  4m>. 
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of  Bodic  chloride,  and  the  fibrinopcn  finftlly  purified  by  being  several  times  dis- 
solved iu  anil  reircLifiituled  by  sodk-  chloride. 

There  is  no  |.irtn>l'  thuL  llic  wh'tfe  ol"  thu  Hub»tunue  ihruwn  down  by  carbonic 
anliydridu  from  dihittid  bliKidscnim  Ls  Hbritiuptastic;  indeed  we  know  th»t  a  true 
glubiilin  devoid  ul'  liibriMu[>luHLlu  properlie.H  may  be  jirt'pared  fprni  scruDi.'  Weyl* 
considers  tha!  there  Ik  iitdy  une  jflobulin  in  serum,  wbich  he  ohuractiirizes  by  the 
name  of  *"  ^ieriiui-^lubutiw,"  and  ro^^rds  tibrinoplmitin  as  a  mixture  of  this  body 
with  a  portion  of  tibrin-feniient.  We  know  for  ecriain  (see  p.  44)  tbat  the  whole 
of  the  UbrinoplobLic  preripitntc,  used  to  caui^o  the  rongulKtiun  of  a  fibrinogcDOUa 
fluid,  dues  not  enter  into  the  eompuaitioti  of  tho  fibrin  produced  ;  we  also  know 
that  suoh  a  precipitate  may  lose  its  fibriuuplasiic  puwerx  without  any  marked 
cbftn^e  in  its  general  reactions.  It  would  seem  advisabie,  therefore,  lo  speak  tif 
the  depoflit  produced  by  carbonic  anhydride  in  dilute  serum,  or  by  saturation  with 
9«idic:  eiilonde  in  undiluted  serum,  aH  globulin,  and  to  distinguish  it  as  tibranoplastic 
fflobulin  when  it  is  able  to  give  rise  t<»  fibrin.  Fibrinogen  sitnilurly  ini>rbt  be 
8pN>keri  of  ajt  fibriuogenuus  Rlubuhn.  The  name  orysiallin,  rather  than  globulin, 
might  then  be  given  to  the  substance  obtained  from  the  cr>'stalline  lens. 

4   Myoain. 

This  is  the  riubstanco  which  forms  the  chief  proleid  coostituent  of  dead,  rigid 
muscle;  its  general  properties  and  mode  of  preparation  have  been  already 
deaoribed  at  p^  105.  In  the  moist  condition  it  forms  a  gelatinous,  elastic,  dotted 
mass;  dried,  it  is  ver^  brittle,  slightly  transparent,  and  elastic.  From  its  solution 
in  ftodie  chloride  it  is  precipitated,  either  by  extreme  dihuian,  or  by  saturation 
with  liie  solid  salt.  VVhen  precipitated  by  dilution  and  submitted  to  the  pro- 
loukTcd  a(*tiun  of  water,  myosin  loses  its  property  of  being  soluble  in  solutions  of 
sodie  chloride.'  Tlie  sodiu  chloride  solution,  if  exposed  to  a  ri^^iiig  temperature, 
becomes  milky  at  o.^**  C .  and  gives  a  flocculenl  precipitate  at  00°  C-  This  precipi- 
tate is,  howcvtT,  no  longer  myosin,  for  tt  is  insoluble  in  a  10  per  cent,  sodic  choride 
Siduiiun.  and  doijs  not,  until  after  many  days'  digestion,  yield  syntonin  on  treat- 
ment with  hydrochloric  acid  (01  percent.).  It  is,  in  fact,  coagulated  proteid  (see 
Class  v.). 

Myosin  is  excessively  soluble  in  dilute  acids  and  alkalies.  Advantage  may  be 
taken  of  its  aolubility  in  llic  former  t'>  extract  it  from  muscles.*  But  if  the 
reagents  are  at  all  concentnited,  myosin  iimlcrgoes  in  the  act  of  solution  a  radical 
change,  becoming  in  the  one  case  acid-albumiQ  or  syntonin,  in  the  other  alkali- 
albumin  (Class  II.). 

Like  tlbrln,  U  ain  In  some  cases  decompose  hydrogen  dioxide,  aod  oxldlxe  gualAcum  wtth  form*- 
fion  of  a  blue  color. 

5.  VitelUn. 

As  obtained  from  the  yolk  of  egg.  of  which  it  is  the  chief  proteid  constituent, 
vitollin  is  a  white  gnmutar  body,  insoluble  in  water,  but  very  soluble  in  dilute 
wkHc  chloride  S4>lniions ;  it  surpasses  myosin  in  this  respect,  for  the  solution  may 
he  easily  filtered.  \i»  eoiicrulation  temperature  is  higner  than  ihat  of  myosin, 
lying,  accnrding  to  Weyl.*  between  "0^  C  and  H^rC.  Saturation  with  solid  aodic 
chloride  gives  no  precipitate ;  in  this  respect  it  differs  from  most  other  tuembera 
uf  this  class.  In  yulk  of  egg  vitellin  is  always  associated  with,  and  probably  exiatA 
ID  combinatioD  with,  the  peoidtar  complex  body  lecithin, 

DoQla,  and  an«r  film  Uoppe^rler.  turn  ■hown  tbat  vltelUn  before  ibe  troatment  requldte  to  ft«e 
MMODortle 


ieolibln 


pcopertles  qulta  dlSorcut  from  otbcr  protetds. 


A  thoor>'  has  lieen  advanced  that  vitollin  is  really  a  complex  body  like  hsemo- 
gliibin,  and  on  ta'utiuent  with  alcohol  splits  up  into  coagulated  proicid  and  leci- 
thin. When  well  nurified  it  contains  0.76  per  cent,  sulphur,  but  no  phosphorus- 
Dilute  acids  or  alkalies  readily  convert  it  in  its  uucoagulated  form  into  a  momber 
of  Class  II. 


<  KahncAHd  Elcbwsid,  Inc.  rit. 

•  Weyl.  /^iltBChr.  f.  l>hy»iul  Chom..  Bd.  I.<187S),  S.  77. 

•  DaolUtM-sky.  ZelCMbr.  L  Pbyslol.  Cben..  bd.  v.  (l«Bt).  &  186, 


•Locdt 
'  Op.  oii. 
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Vtvnj  ftiid  Val«QOleiiiH;«*  have  described  a  Hilet  of  pmukSs,  via..  tebUUa.  Irtrthiitf.  «ta»  4ri 
ttom  fish  and  mmpIUMJi.    They  iippcar  to  be  eitber  ideiitk-nl  wilti,  vr  «UN«ly  aUlvd  to.  TtMUft 

Pr^irftti'on.     Yolk  of  eg;?  is  treated  with  sticwssivc  iju«'"'t;'-«  "f 
as  thlH  exira*!ts  any  yellnw  oulorinff  inaiter;  thr  rt-Bidiiu  i;-  i  io 

sirone  {K>  jwr  wilt)  RtiUic  ohiuride  tmlulion,  iiiid  lilt^r-.l  tt*- 

into  a  Urpe  excess  uf  wat^r  is  precipitated.     In  this  - 
and  nnclein,  and  in  order  to  free  it  from  these  it  wna  i. 
This,  afl  above  tttateii,  entirely  chanKCs  the  vitelHn  iiit/i  a  n- 
secma  probable  that  the  nepamtion  of  vitollin  fxiuu  the  nthrr  \- 
is  mixed  in  the  yolk  of  egg  may  be  effected  by  pr- 
solution  by  the  addition  of  cxccaB  of  water;  ihu  prxi  i 
10  per  cent,  solution  of  Bodiu  chloride,  and  the  process  rc)>t:atcU  &»  n^»t^f 
Bible. 

0.  aiobin. 


Cl.AHS  IV.      F\Mn. 

Insoluble  in  water  and  dilate  sodio  chloride  snlntiona ;  tmluble.  wjik 
dilute  auidK  and  alkulii^,  and  more  conc<*ntm(ed  neutral  aatine  •utalioaa. 

Tibrin,  an  ordinarily  obtaiuud,  cxhibitif  u  filamcatotu  tttructurv,  llw 
threadfl  rK>K.4ea«iD>r  an  elasticity  much  groater  than  that  of  any  uthirr 

proteid. 


If  alkiwed  in  fbrm  innt^ually  tii  larvv  tnaiM«.  tbu  liUm«>ntnufl  itniiMaro  l»  am  «i 
tl  rewmblu  1»  lliU  Amn  pure  Indlik-nihbcr.    Sach  Itirap*  of  lilirin  mn  rmpmhlm  of 
direction.  And  no  detlolte  arrangvoiviit  of  pAraltel  bundl*  of  ttbra*  oui  tiia 

At  urdinar}'  teuipcrature  fibrin  is  itifolublc  in  water,  brir  '  '*'--^ 
hi^rh  tenii>cniturti>,  and  thou  uudcrsoinp  ii  cuiupletv  nhm. 

hydrochloric  solutions  of  1-5  perct'nt.  fibrin  inwrUs  up  an. a  

but  in  nut  dJS'*olvtMl.*     In  this  condition  the  men*  removal  of  tb« 

of  water,  iieutralization,  or   (he   mlditioii  of  some  m1i>  eauaes  a 

oriifinal  state.    If,  however,  the  acid  be  allowed  to  act  for  mamr  4^y» 

ICDipcraturef,  or  for  a  few  hour«  at  -tO^-riO"  C..  solution  takr*  pla^T.  aoil 

inK  protcid  i^  ^ynlonin.     In   dilute   alkalies  and    aimnof 

rcaddy  auluble.  though  in  thia  com;  aliMi  thtf  nolutiun  i^  lm 

the  resulting  fluid  ctmluinn  nu  longer  fibrin,  but  all  i 

not  distinctly  chnractori*ilic  of  fibrin,  although  it  «Ii*«- 

both  dilute  acids  und  nlkalir.s  than  do  iVMtguliti 

liortH  4iin  be  con^'ulatod  on   heating,  which   i5  i 

thai  they  nu  lun^'er  ctMitain  tibrin.  hut  cither  H' 

to  the  atHive.  fibrin  ir«  mdublc,  llioiiuh  with  dilt: 

time,  in  I'l  per  cent,  soluiioiw  of  w>dic  chluridc 

the  solution   boin>r  nften  accompaoird  by  puir. 

m.iy  Im»  coatrulated  by  a  teuip<^niture  oKCO   ('..  ..j. 

with  wat>'r  ur  saturation  witli   solid  »odic  chloride,    r 

neutral  t^alinc  Nulutioii.i  the  fibrin  has  bocoiue  convertL  ^  .. 

myotfin  or  Kl*jhu1in* 

Ou  ignition  of  fibrin  a  residue  or  inotKanic  maUor  u  alva;^  ciUaiiwd 
however.  rnni*idcrt*d  that  Kutj>hur  m  the  only  utM  of  ihett  •teibetila  vliiek 
cwentiatly  into  ita  ooinpuhition.  In  nther  refl)i«cU  fibrift  C0nv«|iOiMk 
ircncnil  ctunpimitiiui  with  the  other  proteidn. 

SuFtf»endcd  in  water  and   hcatnd  to  To*^  C..  it  loaca  ita  elMUdty  mad 
opaijuo ;  it  is  then  indistiufniishablo  from  uthar  voaipilaliod 


41 


1  CmnpL  Eteuil.,  T.  Xtx?UI.  pp.  469,  S3&. 

■  Weri.  »i>.  rli .  8  74  ■  tiL«  BduikryMalla  (Mm, 

*  CV)n)i>lel«  nlutlon  mnrt  H<nrvv«r,  imk«  plart  It  tlu>  ftlHin,  ai  la  ftvqoenllT  tte  i 
kdlivrutit  pcpaln. 

*  (Untler,  Oiuipt  Umid.,  T.  UxlX.  (104),  p.  2L7. 
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t}'  of  tlii*  txtdy  reniunsyet  in  be  nicutioucd,  vie.  Its  power  of  decomiKMiiiir 
Pieces  of  Hhrin  iilitced  In  lliis  llnid,  tliough  IfaeQiwlrea  undcivolii(  no  ciuuice. 
with  htibbk-s  or  oxygen  :  aud  gualnctim  Ih  tamed  blue  by  flbnn  In  preiUMicc  of 


bjKlRignii  dioxide  or  0ZDUlze<l  turpentine 

Prrparntton.  Ry  vigorously  sftrnriK  l»l(»i)tl  witli  ii  bundle  of  twigs  and  then 
wahhiag  with  wai**r  until  it  is  <(uiU!'  white,  if  required  perfectly  pure  ami  oolur- 
lesH  itHhouM  be  prepared  I'rum  plunrua  tree  fruiu  corpuscles.  If  the  blood,  before 
stirrinff.  be  dibiled  with  an  cijual  Liuik  of  water,  the  subsequent  washiniL'  of  the 
fibrin  18  much  facilitiitcd,  und  it  tuay  readily  be  obtained  quite  white.  Any  adhe- 
rent fats  mny  be  removed  by  ether. 

When  globulin,  itiyoain.  and  fibrin  arc  compared  each  with  the  other,  it  will  be 
seen  that  they  form  a  ^cric^  in  which  niyusia  is  intunncdinte  between  glubulin  and 
fibrin.  Globulin  is  eiccasively  soluble  in  even  the  niof^t  dilute  acids  and  alkalies; 
fibrin  is  ahnosl  insulnble  in  thetie;  while  myosin,  though  more  soluble  than  fibrin, 
is  les"i  sulubk-  than  A.'l'»biiliih  Ulobulin  a^ain  dissolvi-s  with  the  Kieatest  ea**e  in  ft 
very  di hue  eidutiun  nt' yudic  chlorido.  ^lyosin,  on  thf  other  hand,  dissolved  with 
diffit'uity :  it  ix  much  more  soluble  in  a  lit  per  cent,  than  in  a  I  per  cent,  solution 
of  iodic  chloride;  and  even  in  a  I'l  p<'r  cent,  solution  the  myosin  can  hardly  be  said 
to  l>e  dissolved,  so  viscid  in  the  reHuEiiuL'  HuJd  und  with  such  difhcultv  does  it  filter. 
Fibrin  a^ain  disMjlves  with  ^reut  dit!iculty  aud  very  Mowly  in  even  a  10  per  cent, 
solution  of  sodic  chloride,  aud  in  a  I  per  cent,  solution  it  is  practically  in»u.tluble. 
When  it  is  remctnbGred  that  fibriTH  and  myosin  are,  both  of  them,  the  results  of 
coagulation,  their  similarity  is  inteltitfible.  Myosin  is  in  fact  a  somewhat  more  solu- 
ble form  of  fibria»  depostiod  not  in  ttireuds  or  hlameots  but  in  clutups  aud  miisflea. 


Class  V.     Otayuhiied  ProteitU. 

These  are  insolulte  in  water,  dilute  acids  aud  alkalies,  and  neutral  saline  solu- 
tions of  all  strengths.  In  fact,  they  are  really  soluble  only  in  stronfr  acids  and  strong 
alkalies,  fliough  prolontred  aciloii  of  even  dilute  acids  and  alkalies  will  effect  some 
■olutioOi  e-peciully  at  hijeh  temperatures.  During  solution  in  stroutf  acids  and 
alkalies  a  destructive  deamipuyition  takes  place,  but  some  amount  of  acid  or  alkali- 
albumin  is  always  produced. 

Verj'  little  is  known  of  the  cheiuicul  characteristics  of  this  class.  They  are  pro- 
duced by  heating  to  TO"  C.,so!uttijiiaof  egg-  or  scrum-albumin,  globulins,  suspended 
in  water  or  dissolved  in  saline  solutions ;  by  boiling  for  a  short  time  fibrin  >U!«nondcd 
in  water  or  dis-^lvcd  in  saline  soluiions,  or  precipitated  acid-  and  alkali-albumin 
suspended  in  water.  They  arc  readily  converted  at  the  temperature  of  the  body 
int«j  peptdtie^s,  by  the  actiuu  of  gastric  juice  in  an  acid,  or  of  pancreatic  juioe  in  an 
alkahne  medium. 

All  proteids  in  solutions  arc  precMpitaled  by  an  excess  of  strong  alcohol.  If  the 
prccipitanT  be  rapidly  removed  they  are  again  soluble  in  water,  but  if  the  precipi- 
tated proteids  are  subjected  for  some  time  to  the  action  of  the  alcohol  they  are, 
with  the  exception  of  peptones,  coagulated  and  lose  their  solubility.  It  appears, 
honrever.  that  the  proteids  contained  in  the  aleurone-gruins  of  plants  are  exceed- 
ingly resistant  to  this  coagulatiug  action  of  alcohol.' 

It  tieem*  Rcarcely  ueccvary  to  point  mit  ttie  illotlnctioti  in  tltu  uwof  ttie  woni  " ooaculatioa "  M 
AppUei  to  blond-  or  rauitcIi>-plAiiinA  on  the  one  tund  and  to  tbe  action  of  beat  and  alcobol  npou  pro- 
lew*  oo  the  ocber.  The  dltTkrentx*  is  obviuiix  when  it  le  renunnbered  Uiat  tn  the  Hnt  cue  the  oo«rO' 
lation  luadf  to  tbe  furToaiioii  of  flbriii  (('Imbb  iv.).  or  mynain  (dm  iiij,  and  tbat  these  bodtea  max 
then  further  be  e*M^  lttte<l  by  be«i  i.>r  ulcubol  u  deKsrlbed  above. 


Class  VI.     Peptonea} 

Very  soluble  in  water,  and  not  precij)itated  from  their  aqueous  solutions  by  the 
addition  of  acids  (»r  alknlic!^.  or  by  boiling.  Insoluble  in  alcohol,  they  are  precipi- 
tated with  difficulty  bv  ihis  reagent,  and  are  unehangc<i  in  the  proce.sa;  they  differ 
fmm  all  other  proteins  in  not  beintr  coagulated  by  prolonged  exposure  to  alcohol. 
They  are  not  precipitated  by  cupric  sulphate,  forno  chloride,  or,  except  in  the 
instances  to  be  incntiont'd  presently,  by  potassic  ferrocyanide.  and  acetic  acid.  In 
these  points  they  differ  frum  most  other  proteids.     On  the  other  hand,  procipitu- 

I  See  Vines,  Jnam.  of  Phy»(oI..  »ol.  iil.  p.  108, 

Ji  The  nlbaniowi  are  fo  clancly  reUted  to  peptones  that  tbey  are  commooly  oonddand  togBtbw 
lb  peptones  ■•  a  olaaa] 
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tion  is  caused  by  chlorine,  iodine,  unoiD.  mercuric  cbloriJc.  nitnica  of 
and  silver,  and  both  acctatOH  of  lend ;  also  by  bile-acids  in  an  vnd  sol«tia«- 
common  with  nil  protcids,  thest^  botticB  jto^se^  a  srH?cifii-  Ih^vo  rtHAtOffjr 
polarized  light;  but  they  differ  from  alt  other  proteidsin  the  face  ihat 
duces  no  L^bungv  in  the  amount  of  rotation. 

A  solution  of  peptonen,  mixed  with  a  HtruuK  Bolutioii  of  catutie  iwCavlit  gii 
the  luhlttion  of  a  mere  trmroT  cupric  sulphulo,  n  jtink  wlor       X"  •■■ 
cuprio  salt  ^iveif  a  violet  color,  which  deepens  in  tint  oti  bulling* 
proivid  roiiction.    Other  prot^^ids  Himply  give  the  violet  rolur.      !■ 
aciei'iHric  feature  of  peptonen  is  their  relatively  crcat  difTubibility.  a  ; 
thev  alone,  of  oil  the  proteidM.  loav  be  said  to  pussoNt.  tiinee  all  oihei 
teidii  pa.ss  through  membranes  with  the  greatest  difficulty,  if  at  all. 

The  difTVulbiUty  of  peiitonei  l«,  howerer,  abantutely  miuI)  u  cottt|«i«d  «ith  Uial 
bodies  mob  a»  •adlcobiortdfl :  la  fiict  snluUoiu  nf  i»|4one«  itiajr  be  trmA  team  mXam 
i  employed  la  their  preparatton. 


boi 


Notwithstanding  their  probable  formauon  in  large  quantiues  in  thm 
intestine,  to  indjre  from  the  results  of  artificial  dipesiion,  a  very  so    *^ 
can  be  found  in  the  contents  of  these  organs.    They  are  probably 
as  formed.     Another  point  of  interest  is  their  rectMiverviou  inio  uClittr 
teids,  since  thiw  must  occur  to  a  preat  extent  in  the  btnly.    W?  are 
ignorant  of  the  ntanncr  in  which  this  reverse  »*han«r  !*  -tT.  .-t.  .i 

Prwhiciion.     All  pr<»teid8  with  the  exception  of  Uir 
tones  (and  other  products)  on  treatment  with  acid  ^' .  : 
juice  most  readily  at  the  temperature  of  the  humau  t)ody.     i**  i 
produced  in  the  absence  of  pepsin  and  to'psin,  by  the  acti~>i> 
rately  strong  acids  nt  medium  tcmpcmtures.  alsti  by  the  ai  r 
high  temperatures  under  pressure.    For  various  methods  ot  « 
Maly.'  Adamkicwics.'  Hcnningor,' and  Pekelharing.* 


tUi«d 


It  Bppoan  poMiblti  Ui  reotiUln  oMln«rT  coa^Ublo  proteldi  tKm  piymwi  b?  t^ 
pruloufetl  beating  to  \^y-Vt(fi  C  orof  dchyUnulnK  n^wnu.' 

No  differenco  in  percentage  composition  between  [  -i  i  tke 

wbivli  I  hoy  are  formed  ha**,  at  pre^eot.  been  delinitcl^  ■  J. 

Wc  have  used  the  phrase  *' ()eptonf«'*  in  the  pluial  uuuibcT  \ 
reason  to  thtnk  that  more  than  ime  kind  of  p<>ptohf  exi«t*.     M* 
thnM<  iwplories,  naminir  them  rt'S|>iM'(ively  A-  H*  and  (V|N*pione.     fl»  d 
them  )U(  follows:    A-iH*ptono  '\n  pri-ripiii\u*d  frtim  itM  a<|ueoua  oolutKi 
iraicd  nitric  acid,  nno  alw>  by  poinwic  fcrrtwaiiide  in  ihc  iiresvuee 
tttrvtic  arid      H  peptone  is  ni>t  precipitated  by  concent  rat rtl  nitric  i 
j»ola.*sic  fcrrocyunide  vivi-  ii   prcoipiiatc  unless  a  oint-"'- •■•I-'-  --'■•.."i 
acetic  ncid  bt*  added  at  the  "amt?  lime.     C  peptone  i-  r 

avid  nor  by  pocas^ic  fcrrocyanide  and  acetic  arid,  wlu  ^  . 

oCHJtic  acid.     In  ]dac«,  however,  of  ifpcaking  of  all  thr->4*  aa  peptono*.  it  h 
consider  Civeiiione  as  the  only  real  pi'j)t4>ne,  and  ilic  A-  aod  H  pr}iUiaA 
peptone^  ui  all.     Neverthelens  we  have  reason,  fntm  the  naMS&neJMSt  of  K 
t-peak  of  more  than  one  peptone,  vis.,  of  a  hcmipeptonc  which  id 
action  of  trjpsin  of  being  ixjnrerted  inti>  leucin  aui)  tyrvtsin,  and  of 
which  re^sts  >uch  a  decouip<i»ilion.     The  name  aotiiKiptnnc  U  gireo 
on  acvounl  of  this  resitiiance  which  it  ofTeni  toward  trypsin :  the  navN 
given  to  the  former,  signifioe)  ihsi  ihis  |tepionc  is  the  twin  iir  iiiri>toiiif 
uilibcptone. 

\N  c  huvu  Keen  (p.  311)  that  when  any  protcid  is  digested  with 
may  prrliniinarily  call  a  by-pmduct  makr»  Its  tt['i      "■ —      '■'* 
ban  many  resemhliinccs  to  iiciil  :\lbumiit  i>r  syn' 
precipitate  soluble  in  dilute  iwids  and  alkalies  i>...   ^ik^.,y^^.,^ 


OB  oiri^^H 


'  Pniicer-i  An-h 
Naior 


^ Ibl   i«  (ifC*.  - 

We" 

•  Pflnger*  A!        .  ;   :^  - 
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generally  spoken  of  as  panipeptone.  Accxirdinf?  io  Kinkier'  this  neutralization 
precipitate  is  esjieeiiiUy  nbiindant  11'  the  pepsin  be  previously  modifietl  by  expo- 
sure to  a  temperature  of  4()''  lo  OO**  C.  The  pepsin  thus  iiuHlifieJ  Is  spoken  of  by 
Flakier  as  **iMipepsin."  Many  authors  regard  parapeptone.  syntonin,  and  acld- 
albamin  as  bciii/;  the  samo  thinjir.  Melfuner,  however,  ^ave  the  same  parapcptone 
to  a  body,  which  need  not  luwl  probably  does  not  make  itfi  appe&raace  during 
normal  nalnral  digestion  or  duriuj;  artiGoial  digestion  with  a  thoroughly  active 
pepsin,  but  whieh  is  forined  when  pruteids  are  subjected  to  the  action  of  weak 
nydroi'iiloric  aiid,  either  iilorie  or  in  company  with  an  itinperfectly  acting  |>opsin, 
and  which  in  certain  characters  is  quite  dii^tinct  fn>m  ordinary  syntonin  or  acid- 
albumin.  It-*  liistin^uishinji  feature  is  that  it  cannot  be  change<i  Into  peptone  by 
the  action  of  even  the  most  cner^retic  pepsin,  tboneh  it  i-^  readily  8f>  converted 
under  the  inllueni-e  of  trypsin;  otiierwise  it  very  closely  rescniblea  synumin.  We 
have  here  an  indiL-ation  tnat  the  simple  characters  by  which  we  have  described 
acid-albumin  may  be  borne  by  bodies  havinp  marked  differences  from  each  other. 
The  researches  of  Kiibne^  hnvo  thrown  at3  imjiortant  light  on  these  dilTerences. 
The  fundamental  notion  of  KUhne's  view  is  that  an  ortiinarij  native  albumin  or 
fibrin  contains  within  itj^elf  two  residues,  wliieh  he  calls  re8pe»ctivcly  an  anti-residue 
and  a  hemi  resiilue.  The  result  of  either  pe]>tyc  or  tryptic  digestion  la  to  split  up 
the  albumin  or  fibrin,  and  to  produce  on  the  part  of  the  anti-residue  anti-p(^ptone. 
and  on  the  part  td'  the  hemi-re*iidue  heniipeptonc,  the  latter  being  distinguished 
frriui  the  former  by  its  being  susceptible  of  further  change  by  tryptic  digestion 
into  louciu,  tyrosin.  etc-  Antipeptone  rematna  as  antipeptono  even  when  placed 
under  the  action  of  the  most  powerful  trypsin,  provided  putrefactive  changes  do 
not  intervene. 

Before  the  stage  of  peptone  (whether  anti-  or  hemi-)  is  reached,  there  is  an  inier- 
mcilialc  stage  c<irre.-pi»naing  t^j  the  formation  of  syntonin.  In  both  normal  peptic 
and  tr>"ptic  diuestion  anti-peptouc  is  preceded  by  an  anli-albumoi^c.  and  hemi|>ep- 
tone  by  a  hemialhumose.  (.)f  these  the  anti-nlbumose  is  closely  related  tu  83m- 
tonin.  and  has  hitherto  been  regarded  as  syntonin.  The  hemialbumose  has  not 
been  so  freciuently  observed;  it  was.  however,  isolated  by  Meissner:  it  is  appar- 
ently the  body  called  by  him  A-peptone.  It  possesses  several  peculiar  features. 
If  its  solutions  are  heated  they  partially  coagulate  at  about  fttt^-^OB**  C. ;  the  pre- 
cipitate is  soluble  at  about  To°  C.  and  is  rc-preci^ntuted  as  the  tem|>eraturc  again 
faJIs.  It  also  yields  a  precinitate  with  tiitric  aeid  and  ixitassic  ferrocyanide,  and 
this  also  is  soluble  at  the  higher  temperature,  re-precipitating  on  cixiliug.  In  these 
respects  it  c1ost;ly  resembles  a  proteid  body  observed  by  Bence-Jones  in  the  urine 
of  osteamala(*i.i-  It  approaches  myosin  in  being  readily  soluble  in  a  10  per  cent. 
solution  of  Hodic  chloride. 

If,  however,  albumin  be  digested  with  insufficient  or  with  imperfectly  active  pep- 
mn,  or  simply  with  dilute  hydnx'hlorie  aeid  at  40'^  C,  anti-albumosc  is  not  formed, 
but  io  its  place  a.  boHy  makes  its  appearance  which  Kiilino  calls  anti-albumate. 
Its  characteristic  property  is  that  it  ainnot  be  cotiverteil  by  peptic  digestion  into 
peptone,  though  it  can  be  so  changed  by  tryptie  digestion.  It  is  in  fact  the  para- 
peptone  of  Meissner. 

It  may  perhaps  be  advisable,  now  that  Mcissncr's  parsipcptone  is  cleared  up,  to 
reserve  the  tiame  panipeptone  for  the  initial  products  ot  both  peptic  and  tr>'ptio 
digestion,  ami  to  speak  of  anti-albumose  and  hemt-albumose  as  being  both  para- 
peptones.  But  in  this  sense  parapeptone  will  be  an  intermediate  and  not  a  collat- 
eral product  nf  digestion. 

Meissuer  also  de^^cribed  a  particularly  insoluble  form  of  his  parapeptone  as  dys- 
peptone,  and  another  intermediate  product  as  a  mctapeptouc  ;  out  further  investi- 
^iioD  of  both  these  bodie;:).  as  well  as  his  B  peptone,  is  uceGsaar>'.  Under  the 
influence  of  dilute  hydrochloric  acid,  anlialbutnate  becomes  changed  into  a  Imdy 
which  Kiihne  call<  anti-albuu]id,and  which  seems  identical  with  the  very  Insoluble 
proteid  described  by  *Schutzenberger  as  "hemiprotein,"  and  probably  with  Meiss- 
ner's  dyspeptone.  The  same  body  is  produced  at  once  in  company  with  products 
belonging  to  the  hemi  group  by  the  action  of  3  to  5  percent,  sulphuric  acid  on 
native  albumin  or  fibrin.    The  following  tables  show  the  relations  and  genesis  of 

'  pnwttrn  Archlv.  xlT.  (I«K7).8.  P^. 

>  Oiily  K  Hbort  account  of  i)ve»e  lu»  u  yet  t)cen  (mbll«hcd.    Vertuuidl.  d.  XfttarhlBt.Hmed.  V«r«ln» 
Hddeltwne.  Bd.  I.  Heft  4,  lK7fi. 
'  An  albninatc  raosl  not  Ik  eonfotinded  wUb  kd  Klbainliui«. 
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the  bodies  we  have  just  described.  The  several  products  (aDtipeptone, 
given  in  duplicate,  on  the  hypothesis  (which,  though  not  proved,  is  pwhablet  ihit 
the  chances  of  digestion  are  essentiftlly  hytlrolytic  chungcs.*  ftcoonipanied  by  a  re- 
duplication ;  that.  JuHt  oi^  n  uiolccule  uf  stiirch  splits  up  into  at  Ica^t  twu  uiolccula 
of  dextrose,  or  as  a  luulecule  'jf  L'^atiti-su^ur  split.s  uu  uiio  u  molecule  ol'  de\lroM 
and  a  molecule  of  levulose,  so  a  rjiolecule  of  aotialDuiuose,  fur  inritaDce.  splits  np 
into  two  molecules  of  antipeptone,  and  so  on.  But  the  whole  schenie  is  of 
only  provisional. 


Decomposition  of  Proteins  by  Dir.ESTioy. 

Albtunin, 


AntlfklbumcHe. 


UtimJKlbiimoafs. 


Antl  peptone. 


Aadpeptou. 


Homl|»optone. 


Leucln. 


Tyro*in. 


etc. 


L«uclti. 


Decompositiov  by  Acips. 

1. 

By  0.25  per  eeut.  UCl  at  40°  C. 
Albumin. 


AuUftlbuniAte. 

I 


Antlalbnmld. 


BemtaltKuaate. 


UemliMfpUioe. 


By  »-:)  r«r  cent.  H|SO|  at  lOO"  C. 
AUximln. 


AnUalbumid. 


HeminlliaBiosr!. 


UemljieptoDe. 

I 

Leudo,  Tyraaln,  etc. 


Hcinii 


Leodn.  T] 


CM88  VII.  Lfirdftceitti  or  rA«Mhon//«^/  Ami/hHl  Subrtanoe^ 

The  substance  to  winch  the  shove  name  ir  applied  is  found  as  a  patfaol 
deposit  in  the  npteen  and  liver,  also  in  nuinorou<)  other  organs,  such  as  the 
Teasels,  kidneys.  luni^Hreto. 

Tt  in  innoluble  in  wattir,  dilute  acids  and  alkalies,  and  neutral  saline  aolutii 
In  centesimal  composition  it  is  almost  identical  with  other  proteidsy'  vtf. 


0  and  S. 
24.4 


53.6 


The  sulphur  in  thin  body  exists  in  the  oxidized  state,  for  boiling  with  csiofl 
potash  gives  no  sulphide  of  the  alliali.    The  above  results  of  annlysis  wntiM  )ra£ 
at  once  to  the  ranking  of  lardacein  as  a  proteid.  and  this  is  tstpmgly  supp 
other  facts.     Strong  hydrochloric  acid  converts  it  into  acid-albuniin.  an  . 
alkalies  into  alkali-albumin-     On  the  other  hand  it  exhibits  the   followiuL'   i   ,;    , 
diirercnt'es  from  other  proteids:     It  wholly  resists  the  action  of  ordinan-  .h  .    -.iv 
fluids;  it  is  colored  red.  not  yellow,  by  iodine,  and  violet  or  pure  blue  by  i  i 
aeliou  of  iodine  and  sulphuric  acid.     From  these  last  reactions  ir  has  den 
of  iis  numee,  *'  amyloid,"  though  ihie  is  evidently  badly  chosen;  for  n*>i  i>m\  aiH- 
it  differ  from  the  starch  group  in  composition,  but  by  no  means  can  it  bo  conrerted 


'  Hennlngcr.  loo.  cit.,  p.  *». 
s  C.  Schmidt,  Aim.  d.  Cbeni. 
AtcldT,  Bd.  xtI.  S.  50. 
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into  sug^rr  this  latter  is  one  of  the  crucial  tests  for  n.  tnie  member  of  the  c-iirbo- 
hydrato  *:roup.  AwonJin^  to  FIcaoliP  and  Cnrnil,'  anilin-violot  (methyl-anilin) 
colors  birdaeeuus  tissue  nK^^y  red,  but  ^^ound  iiiwue  blue. 

The  colon  m<^>tillorii^l  nbove,  us  belnc  produced  by  lodtne  and  mlnbarie  acid,  are  much  clearer 
and  briKiittr  whun  tiie  rendPiiU  are  applied  tu  th«  piirHk*d  lardacviu.  wbvntbereagenUi  areapi>Ued 
to  the  rrudeKulistAucu  tn  itA  normal  prvdUon  In  the  tL<wu«ii.  the  cnlon  obtained  ar«  always  dark  and 
dlrty-looklnff. 

Purified  lardaeein  is  readily  soluble  in  moderately  dilute  ammoDia,  and  can.  by 
evupomtion,  be  obtained  fmm  thiH  Botiition  in  the  fortti  i*t  loiiffh,  gelatinr»ii8  flakes 
auU  lumps  ;  in  tliiH  form  it  >;ivos  feeble  reactiuns  nnly  with  iotiine.  If  the  exeeas 
of  ammauia  is  expelled,  tlie  sululiun  be^orue-s  neutral,  and  \s  preeipit^itcd  by  dilate 
acids. 

Pftparntiim.  The  )^land  ur  other  tissue  contaiiiinK  tbia  body  is  cut  iip  into  small 
pieces,  and  a^  mueli  as  p^issible  of  the  :4urronuijin^  tissue  removed.  The  pieces  are 
thtin  extracted  several  times  with  wuter  and  dilute  alcohol,  and  if  not  thu^  rendered 
ooloiless,  are  repeatedly  boiled  with  alcohol  eontaininj*  hydroeblnrie  add.  The 
residue  after  thm  operation  is  digested  at  4<i^  il.,  with  ^ood  artificial  gastrie  juiee  in 
exoesa.     Kve^yl)nn^^  exeept  hrdacein   and   Miiiall  (]uantities  of  mucin.   uudeiD, 


keratin,  to>(et)ier  with  hmiio  jHirtion  of  the  ula>tlc  ll^Hue,  will  thus  be  dis^^olved  and 
remove*!.'     From  the  latter  impurities  it  may  be  separated  by 


deeantatioD  of  the 


finely  powdered  subatanec. 


The  chief  products  of  the  deooraposition  of  proteida  are  ammonia,  carbonic 
^■^^^Ude,  teucin,  and  tyrosin-    Several  other  bodies,  for  the  most  part,  like  [eucin, 
^^^^HikI  acids,  such  as  aspartic  acid,  glutamic  acid,  etc^  have  also  been  obtainetl  \ 
^BB^trj'ptfc  dipfcHtion.  hypoxantbin,  and  perhaps  xanihin.     But  urea  has  never 
yet  been  derived  by  direct  deeoinposttion  from  proteid  material,  the  statements  to 
tbia  effect  bavinj;  been  based  on  errors.     In  spite  of  uumeroua  rescurchcd,  we  can- 
not at  present  Ktate  definitely  what  is  the  real  (Constitution  of  a  proteid.  or  in  what 
manner  these  several  residues  are  contained  in  the  uudt^cuuipjsed  substatice.     It  is 
QDueoessary  to  ^live  here  any  of  the  fortuulav  nearly  all  empirical,  which  have  been 
made  to  represent  a  proteia  ;  they  all  give  with  e<]ual  e.vactitudo  the  percentage 
composition,  but   beyond  this  they  are  untrtistworthy.     Of  the  various  attempt* 
which  have  been  made  to  assij^n  to  proteids  some  dcGnitc  mtdecular  structure,  none 
appear,  at  the  present  stage  uf  information,  sufficiently  reliable  for  general  accept- 
ance. 

Among  ttie  raoat  elalmrate  Intnn  In  thli  (llrectlon  may  be  loentlnned  thnne  of  UUslwetx  and 
Habemun.  In  their  tiret  pnbllration.i  sbirtlng  from  tbo  guiicral  alnillArity  of  the  pnirincbi  of  da- 
compoaltion  of  tbo  protcids  aiul  carbohydrates,  tbey  tried  to  CfltnbllKb  a  definite  relation  between 
ibe  two  olasaes  o(  txKlira.  In  thi**  ihcv  wt're  not  •ncoenfut.  and  tn  their  taoondrenarch*  Uwy  came 
to  the  coucluslou  tliat  ib«  carlKiliyilmtvs  tukc  nu  {mui  In  the  formnliou  of  the  pcottida. 

Other  expertmenta  In  tbo  mmc  iltriTtinn  have  been  niadt*  by  .SchUtGenberger.*  Heabows  that 
altwinln  cna  be  decompoaed  into  carbonic  anhydride  and  aminonla.  and  thai  ibe  ratio  of  tbete  two 
ta  the  <(ame  aa  tboogh  urea  bad  been  the  Uxly  on  wbicb  be  oiwrated.  Fram  this  bo  concludes  that 
"tbo  molecule  of  albumin  c^wtalnr  the  iirimpUiK  of  urea  and  repraaeota  a  complex  urelde."  In  bla 
•ecoud  mibllcalioD^  tie  conflrnw  hla  previoiu  n^uliA,  atatlux  tbac  the  ammonU.  carbonic  anbydridft, 
and  oxalic  add,  produced  by  the  docompoalUou  of  proletdi.  are  so  connected  quantitattTely  aa  to 
be  capable  of  derivation  frotn  rarylns  proportJoDi  of  urea  and  oxamlde.  He  also  obialned  firom 
llie  decompcadtlon  of  prutvUlH  u  nftrogenoaa  residue  wblrii  \m\\\*\  he  fiinnnlatadasKlvInc  rise  to  all 
tbe  amidated  acids  and  otber  bodies  spoken  of  above.  Thiit,  ocoordlny  to  him,  aibamtn.  Imllt  up 
aa  a  complex  areldc.  dooompoaee  Into  ammnnla,  carbonic,  oxalic,  and  acetic  aetdi,  aiul  this  oltnv 
Cmo»  body :  tbis  lak  then  stTes  rise  u>  the  other  products  of  deoomposiUou.* 

It  will  bo  noticed  that  in  the  general  description  of  the  various  proteids  distinc- 
tive reactions  for  each  could  not  be  ^ivcn.  but  that  varying  solubilities  were  the 
chief  means  at  our  disriosjil  for  distinguishing  tbeiu.  They  may  be  arranged 
aooording  to  their  solubilities  in  the  following  tabular  form  ■ 

I  Wlen.  nied.  Woobenschr..  No.  32,  8.  7H. 
»  Cumpt  llend..T.  Ixix.  (IR7.'i).  p.  I'JSS. 

■  XObneund  Kudncir,  Vln^how's  Arcblv,  Bd.  xxxtU.  (ISSfi),  S.M. 

«  Ann.  d.  Cbem.  u.  Pharm..  ivi.  ctix.  S.  aoi.  •  Ibtd.,  Bd,  clxlx.  S,  190. 

•  Oompcee  Kaadus,  T.  su  i  X^'^),  p.  i^.    Bull  de  la  8oe.  Cblm.  xxilL.  ISl.  103. 216, 242. 386. 4M,  zxlVt 
3atl4&. 
'  Ounptea  Rendus.  T.  IxxxL  p.  \\m.    Bull,  de  la  Soc.  Chlm  xxv..  147. 
"  9e«aUo8chUtxcnbcrKer.  Anu.  deCtiem.  eidePbys..T.  xtL  U^0}>  ^'S»l. 
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5o/i(/i/e  m  tiinh'fteiJ  wafer — 

Ai^ueous  tjolutioD  uot  cua^ulahcd  on  boilio^; 
Aqueous  solution  coagulated  on  boiling 
Insoluble  m  diittiUed  water  : 
Soluble  in  NaCl  solution  1  per  cent. 
Insoluble       " 

Soluble  iu  HCl  (U  per  cent,  in  the  cold     .  ■        •  {  '^'^MuZi'^^^'' 

Insoluble  in  HCl  0.1  per  cent,  in  the  cold,  but  aolubic  1   «•! 

at..>U°C  . ^F,h,in. 

Insuliiblc  in  HCl  0.1  per  cent.  At  (tOT  C. ;  soluble  in  strong  acids. 

Soluble  in  trastric  iuioe OoatjtdatnialbwML 

Insoluble        "        " Lnni'irrin, 

Such  a  olassiiioation  is  however  obviouftly  a  wholly  artifioial  one,  useful  for  Um- 
pomry  purposes,  but  in  no  way  illustrating  the  natural  relations  of  the  sevenl 
meiubers.  Nor  is  a  division  into  "'native'  and  "derived"  proteids  much  motr 
satisfactory.  It  is  tnie  ihut  we  ujay  thud  put  lo>rctber  senim-  and  eRp-albmuin. 
with  vitelliu,  myosin,  and  lihriri,  ou  the  one  hand;  and  peptoneg,  cuagalatrd  pro> 
teid?,  and  acid-  with  alkftnalbmiiini  on  the  other.  But  in  wh;it  lijiht  are  we  to 
consider  casein,  sfein^r  that  tlinUi^h  a  natural  proiluct.  it  has  so  many  regelublAiims 
t4>  alkali  albuniin?  Moreover  the  system  of  classification  must  be  useless  which 
would  place  (ibrinoplastic  fflobulin  aud  tibrinogen  in  the  same  class  as  Bbrin.  «d3 
yet  we  can  hardly  ^l^eak  of  eitlier  i»f  the  two  former  bodies  as  derived  proteids.  If 
the  view  be  true  fhat  when  fibrin  is  converted  into  f)eptone  tlie  large  moleooleof 
the  former  is  split  up,  with  assumption  of  water,  into  two  smaller  motocuies  of  tlie 
latter,  one  belonging  to  the  "  anti  '  and  the  other  to  the  "hemi  '*  ^roup,  we  migfat 
speculate  on  a  possible  claHsififation  of  all  t)roteids  into  hemi-i>roteid9,  ant4- 
proteida.  and  hnitt  pmteidH.  Thus  serum-  and  esgalbumin,  myoMD.  and  fitffio 
would  be  umlonbtedly  holoproteids,  peptones  either  anti-  or  hcmi-proteida.  ud 
wo  feliould  imve  to  distin/zuisb  probably  in  the  heterogeneous  group  of  den?ed 
albumins  both  anti  ,  hemi-,  and  holo*proleid  members.  It  is  possible,  moreover, 
that  tibrinopla.sttc  and  tibrinogenous  jclobulin  and  casein  may  be  natural  beuii-  or 
anti-proteidt$,  and  not  holo-proteids.  But  we  have  at  present  no  positive  kaowledfi 
on  these  points. 

[ENZT3IES. 

Enzymes  are  unorganized  soluble  ferments,  such  m  plyalin.  |>epsin,  tryptui* 
amylopsin,  rcnuio,  fibtia-ferment,  etc..  and  have  been  consi'derod  in  various  parts 
of  this  work.] 

NirROOKNOua  NoN-CBrsTALLiNE  Bodies  allied  to  Protkids. 

These  resemble  the  proteids  in  many  general  points,  but  exhibit  among  them- 
selves much  greater  differences  than  do  the  proteids.  As  regards  their  molecular 
structure  nothmg  satiBfttctory  is  known.  Their  pcrcentaee  composition  a]>pro:Lrhtf 
that  of  the  proteids.  and  like  these  they  yield,  under  hydrolytic  tr<Mtment,  Urrt 
quantities  of  Icucin  and  in  some  cases  tyrosin.    They  are  all  amorphous. 

Mucin.     (0, 35.75.    H,  6.81.     N,  8.60     C,  48.94.)' 

The  oharacteri.'rt.ic  component  of  mucus.  lis  exact  composition  U  not  yet  known, 
the  figures  given  above  being  merely  an  approximation. 

As  occurring  in  the  normal  condition  it  gives  to  the  fluids  which  contain  U  th« 
well-known  ropy  consistency,  and  can  be  precipitated  from  these  by  acetic  add. 
alcohol,  alum,  and  mineral  acids;  the  latter,  if  in  excels,  rcdissolvc  the  pre^ 
oipitate,  but  this  is  not  the  ca^e  with  acetic  acid.  In  its  precipitated  form  it  ii 
insoluble  in  water,  bnt  swella  up  strongly  iu  it,  and  this  effect  is  increasod  by  ih< 
presence  of  many  alkali  aahn.  Alkalies  and  alkaline  earths  dissolve  it  readik. 
Its  solutions  do  not  dialyse ;  they  j?ive  the  proteid  reactions  with  Millon « 
reagent  and  nitric  acid,  but  not  that  with  sulphate  of  copper,  and  are  precipicat£d 
by  basic  lead  acetate  only  when  neutral  or  faintly  alkaline.    Accordiii>;  lo  Kichwakl* 


1  Efchwald,  Ann.  il.  Cbeiu.  u.  Pbarin..  Bd.  oxxxir.  8.  IDS, 


'Op.o». 


when  heated  with  dilute  jnineral  acids,  mucin  yields  ftcid-albutuin,  and  another  body 
which  in  many  of  its  pro|icrlios  closely  resembles  a  sugar,  inusiniioh  as  it  reduces 
soluii<)ti8  of  cupric  flulphnte.  Prolonged* boiling  with  sulphuric  ftoid  gives  Icuoin 
and  about  7  per  eent.  «jl'  lyrowiii. 

[*rrj)aratwn}  Ox-Kall  or  an  a(|neou8  extract  of  finely-chopped  subinaxillarv 
glaud  is  acidulated  with  aL-etic  acid  ;  the  precipitated  mucin  xn  then  washed  vrith 
water,  dissolved  in  dilute  aodio  carlxmat«  and  finally  precipitated  with  aoctio  actd. 
It  may  also  l>e  obtained  from  snaiU.' 

Ohondrfn.     (0,31.04.    H,  6.76.    N,  13.87.    C,  47.74.    S,  0.60  per  eent)» 

This  is  u.sually  regarded  as  forniinii:  the  essenti»l  part  of  the  matrix  of  hyaline 
cartila^'c,  and  is  contiiincd  in  the  interstices  of  the  fibres  in  elastic  oartiln^o.  A 
similar  substance  can  be  preT'!in.Mi  fmm  ihe  cornea.  Boiled  with  water,  it  dissolves 
slnnly.  forming  an  opalesveiu  Holiition,  which  i^  precipitated  by  iicctic  aoiti,  lead 
acetate,  dilute  mineral  acid.s,  uluui,  and  i>altji  of  silver  and  copper  ;  an  excess  of  the 
last  lour  reagents  icdissolves  the  prcoi^iitate.  Sututions  of  this  body  i^olatinize  on 
standinc.  even  if  very  dilute;  the  solid  mass  is  insoluble  in  cold  water,  readily 
soluble  in  hot  water,  alkalies,  and  ammonia. 

The  at^ueous  and  alkaline  solutions  of  chondriti  possess  a  lefl-handcd  rotary 
power  on  polarized  light  of  — 21'i,V  :  in  presence  of  excess  of  alkali  this  becomes 
— h^lXf,  b*)th  nieawured  for  yellow  liKht' 

It  seems,  aocordin>r  to  the  observations  of  many,  that  chondrin  can.  by  heating 
with  hvdn>chloric  acid,  be  converted  into  a  body  whose  reactions  resemble  those  of 
syntonin,  and  another  Hubst^nce,  which  like  the  <>imilar  product  from  mucin,  so  far 
resembles  grapo-mijear  that  it  reduces  pnpric  salts  in  alkaline  HoUuion  ;*  it  anpcars, 
however,  to  contain  nitrogen.  Itic  existence  of  chondrin  as  a  distinct  snusianee 
ha^  however  been  denied"  on  the  MUppusitiun  that  it  i»  in  all  cases  a  mere  mixture 
of  other  bodieu.  Ii  is  .stated  that  a  substance  having  all  ihe  reactions  of  the  so- 
called  chondrin,  may  at  any  time  be  prodmotl  by  a  mixture  of  mucin,  >;;lutiu.  and 
inorganic  salts.  The  exireme  similarity  in  the  reactions  of  chondrin  and  mucin 
point  to  H  clo3e  relationship  between  the  two.  The  whole  subject,  however,  requires 
more  complete  investigation.  With  alkalits  or  dilute  Hilphuric  acid  chondrin 
■[ives  leucin.  but  no  tyrosin  or  plvcin.  Whether  chondrin  exists  as  such  in  carti- 
Mge  is  uncertain  ;  it  geems  probable  that  it  does  not,  since  its  extmotiun  from  carti- 
lage reciuires  an  amount  of  boittng  with  water  much  greater  than  that  reciuisite  to 
diaaolve  dried  chondrin. 

PrtfKimtion.  From  cartilage  by  extracting  with  water,  and  precipitating  with 
acetic  acid. 

[Chondrin  is  not  probably  a  distinct  substance,  but  a  mixture  of  mucin  and 
gelaiin] 

Gelatin  or  Glutin.'     (O,  23.21.     H,  7.15.     N,  18.32.     C,  50.76.     S.  0.56  per 

cent- J 

This  is  the  substance  which  is  yielded  when  connective-tissue  fibres  are  heated 
for  several  days  with  ver>-  dilute  acetic  acid,  at  a  temperature  of  about  15''  C-,  or 
by  the  jtrolongcd  action  of  water  in  a  Papin's  diirester.  The  elastic  elements  of 
connective  tissue  are  unaffected  by  the  above  treaitment. 

As  obtained  in  this  way  glutin  is  when  heated  a  thin  fluid,  solidifying  on  ct>ohng 
to  the  well-known  gelatinous  furm.  When  dried  it  is  a  colorless,  transparent,  brittle 
body,  swelling  up,  but  remaining  undissolved  in  cold  water  ;  heatini^.  or  the  addition 
of  tracen  of  acids  or  alkalies,  readily  effects  its  solution.  When  dissolved  in  water 
it  possessea  a  Isevo-rotary  power  of — 130°.  at  30^  C  ;  the  addition  of  strong  alkali 
or  acetic  acid  reduces  this  to  —112'*  or  —1 14%  both  measored  for  yellow  light.*  lia 
solution.^  will  not  dialyse. 

Mercuric  chloride  and  tannic  acid  are  the  only  two  reaganta  which  yield  insoluble 

I  SctiwAlil.  op.  cit.  and  Chem.  Ceotimlb..  ISCO,  No.  II.    Btaadelar.  Ann.  4«.  Chein.  o.  Phann.,  Bd. 
exi.  &.  14     Unlvohr.  Zcitscli.  f.  uhyjiiot.  ('hem.,  B<1.  v  (IftSI),  8.  871. 
«  lAndw«hr.  Zeltiicb.  r.  pbysiol,  Chcm  .  Bd  vi  (T«2).  S.  75. 
'  I.  V.  Meritiv,  Beltmff  sur  Ctiomle  dcs  Knorpcla.  Ints. 

•  Hoppe-Serfer,  Udb.  pbvs.  pAih.  cbem.  Anal..  Atifl.,  ifHb.  8.  302. 
»  DcBiiry.  lloppe-Soylerf  IJim;r*noli.,  lift.  1.  9.  71. 

•  MoroohoweU,  Vprhnnd.  NaturtiiMt  -me.1   Ver  Heidelberg,  Bd.  1   f}S7<i),  HfL  5. 
▼  Not  to  bo  coofoundcd  wlU\  tbe  rcffctabtc  proudd  "  gluten. " 

•  Hoppe-8ef  ler,  Hdb.  d.  ph>-s.  pnUi.  obem.  AnaL,  i  Artl.,  197\  S.  223, 
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prccipitatos  with  this  body.     Ita  jircsence  prevents  thv  aotion  nf  Trooii 
t«st,  Rtnoc  it  readily  ilis^ilven  up  the  preoipituUMl  cunrtiusoxidC'    The 
tions  of  elatin  an*  so    fet'ble   that    they  are  probably  due  uieneljr  to 
Heutetl  with  Hutphuric  acid  it  yields  auinionia,  U'ljciii.  and  »clycin.  but  mi  ti 

[When  celiitin  is  di^rcated  it  unduriroes  alterHlion-*  MiutUr  iw  lbo««  of 
albuiuin.  furmint;  uelatose^  and  uclfUin-peptones,  but  roocnt  inroattjfslaoal 
that  white  gelatin  is  vahiable  a.^  a  food-^Miff  for  funtishinf;  encrKf.  il  h 
for  the  Krowih  oC  the  iiilro^cnous  tissues.) 

It  iippeani  improbable  (hat.  ^luiin  exists  ready-roriued  in  cuniMctiire-1 
since  these  do  uot  uwell  up  in  water,  and  only  vioUl  Klutin  afl«r  ^rolt 
Dieut  with  boiliiifT  wat«r ;  to  which  it  may  be  adde<l  that  whih'  elutin  'm 
by  trypsin,  the  connective-ltMue  fibres  in  their  natural  c^' 
(flee  p.  357).    When  glutin  is  submitted  for  .>touie  time  to  lli 
chloric  acid,  at  3h^  C-,  and  the  chan^  i(i>  brou»fht  about  evcu  uiorv 
action  of  pepsin,  it  loses  its  power  of  xolatiniating  and  is  uuw  diffu 
porotis  memDrancs :  the  name  of  gebtin*  pep  tone  has  boen  gircn  lo 
thus  obtained.' 

Blastln.     (O,  aOA     H,  7.4.     N,  Ul.7.     C,  o5.6  p«r  o«nl  ^ 

This  characteristic  component  of  elastic  fibre?*  ih  left  on  the  renoral  nf 
glutin.  mucin,  etc.,  from  sueh  tissiicn  as  "  likranientum   nucha*,"  adv-mniAft 
taken  of  its  not  beint  ultered  when  it  is  heated  with  wattr.  <  v.-n  iinJrr 
with  Blron^  acetic  acid,  or  with  dilute  alkalicsp    When  umi-  r 

but  on  drvinp  becomes  brittle-     It  is  soluble  in  kIphu:  :ill  j' 
turcs.  ami  concentrated  sulphuric  and  nitric  acids  dit-^  be 

also  dissolved  by  the  action  of  papaya  juice.     It  is  pi  >    tc 

tannic  acid,  but  not  by  the  addition  uf  ordlnarr  at'idn.      ''  odi 

closely  approaches  the  proteidri  in  its  pen-cntaice  notu(>o^ 
atlhouifh  feeble  prol«id  reactions,  any  ver\'  clow  reliitiouiihii)  tKiwctn 
penrs  improbabh'.   Ftince  einstin   when  treated   with  «ulpbunc  acid. 
(3tM<»  per  cent)  oidy  and  no  lyrosin. 

Ililper'  has  obtained  a  f^iinilar  body  fVom  the  t*h«ll  mcmbr^no  of 


Keratin.'    (U,  20.7-25.0.     H,  6.4-7.0.     N,  10.:^17.7.     c;  60.S-«1&    S. 

per  cenLf 

This  body,  though  somewhat  rcseniblinir  ihr  proleid^ 
differs  fnjm  ihciu  and  also  from  the  preceding  bodies  m  wi'i    ,  nrr 

that-  ita  desoriptiou  is  placed  here  for  convenience  rather  than  anythLnx 
nails,  feathetit.  horn,  and  epidermic  ftcalet*  consist  for  thr  tu'i^  put 
Heated  with  water  in  a  dik;e»trcr  at  I5*>^  C.  keratin  i^  '  tjwijlvcd 

lution  of  sulphuretted  hydrogen;  the  solution  then  l-  .f»<ir 

Tocyanide  of  pntttNtiiim  n  pre^'ipitate  9r>luble  in  excess  (d  i  li<  '-!( 

with  alkalicH  and  acids,  even  acetic.  «li«rt<dves  keratin  :  iIk-  li 

sulphuretted  hydrogen  on  treatment  with  acids.     The  sulprm    ti   ki 
dently  vcr>'  loosely  united  to  the  f<nh«tAnce,  and  in  all  iu  rrmctiooii  tKvi« 
bo  a  want  of  similarity  Iwtween  keratin  and  eithrr  ^  -      ■ '      ' — 
most  (N>mmon  of  its  products  ufdeeomiKixition  ii; 
(3,rt  per  cent.),  aud  some  tt^partic  ucid  ;    iio  plytn.  ■-  '--i-- 
known  a»  kcr-atin  is  probably  a  compound  bu<ly.  which  h^i 
into  its  componcnifv. 


BMrKld   Ami    KUliiie*   hnvr 


•Iwchboti  A  now  limSr  lo  which,  tlovc  li  i»i 


l|i>     •k-vl.^f-^l 


til. 

of  tlie-' 

Nuclu:u         .1I«N.P,0„. 

Discovered  by  MicMiher*  In  the  nuclei  of  pii*  oorpu»»f4(r«  at^l  in  iht 
pusclea  of  yolk  of  eg»r.    Other  observore  havo  aubaequcnily  ■'K»-..»i^l  .♦  ff 

i  Konn.-M.-.f,  7xM*ch.  f  r.hy»iuLCh«m..  IM,  t(   fl<?«.,  9  TVl  ' 

«  I'  . -^llArb.,  1S7  >Lm  Meat  rt^T^rktm- 

>]  :ilIkanu.ot'  •uviLteft.xvt  iMUk». 

•  \-        .  i-  Ver..  Hotik  fURft. 

•  3tcd.^:Ucul.  \.uUjnui;U..Uovv^*^^«.  Ucf  4.  1S2,  6.  ill  tt.  M8. 
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from  semen,  from  the  nnclei  of  the  red  bbod-i'orpui<c]es  of  birds  and  amphibia, 
from  hojialiL'  ct^llu,  and  it  i;^  probably  present  in  ull  nuclei. 

When  newly  pre(>ared  it  ia  a  e4»lurlcss  aiuorphoiia  body,  soluble  to  a  slight 
extent  in  water,  rendilv  ^ifluble  in  many  alkaline  solutions  ;  but  itii  solubilities 
alter  on  keeping.  If  aildod  jjritdiially  in  Kuffieient  quiiiititv  to  a  solution  of  ^^nustio 
alkali  it  first  nournili/es  tlicHohition  uiid  th<*n  renders  ituiid.  It  seems  to  possess  an 
indistinct  xanthn-proieic  rejictittn,  but  ^'ives  no  reartioii  with  Miilon'B  fluid.  Ityields 
preripitatCH  with  stneralrtalt^^, '■■//. ./.im;ehluriJe,arjrentic  nit  rate,  and  eupriu  sulphate. 

I\rp(inftion.^  Siuct*  iiiieleiu  in  very  reiiintant  Xu  llie  action  of  [Ksp-^in,  it  may  be 
obtained  from  the  granular  residue  consisting'  rhit'fly  of  nuclei,  which  occurs  after 
digest in^  pus  with  pej>8in.  The  most  remarkable  feature  of  this  b«idy  is  hr^  large 
percentage  of  phosphorna*  959  per  cent.  This  phnsphorus  ta  readily  separated 
by  U»ilincr  with  strong  hydnwhloric  acid  or  caustic  alkalies;  the  same  occurs  when 
flolutiouH  of  nuclcin  are  acidulated  and  allowed  to  stand. 

Ohltln.    CuH^NjO,,*. 

Although  not  found  as  a  constituent  of  any  mammalian  tissue,  this  substance 
oomjMises  the  chief  part  of  the  cxo-skelcton  of  manv  invertebrates.  It  may  proba- 
bly be  regarded  as  the  animal  analogue  of  the  cellulose  of  plants,  iudI  trotn  this 
point  of  view  it  possesses  considerable  morphological  int-erest.  Both  CL-Ilulose  and 
chilin  appear  to  yield  some  fonu  of  sugar  when  treated  with  striMig  acids. 

When  purititfd.  chitin  is  a  white  aniorphnu?<  Wly.  ojten  retaining  the  shape  of 
the  tissue  from  which  it  ha^i  been  prepared.  Fr  is  insoluble  in  all  reagents  except 
strong  mineral  acids,  the  best  Holvents  being  sulphuric  or  hydrochloric  acids.  The 
immediate  addition  of  water  to  these  solutions  rep  reel  pitates  the  chitin  in  an  UD* 
altered  form  :  but  the  imdonged  action  of  sulphuric  acid  causes  a  decomposition 
roulting,  according  to  some  observers,  in  the  formation  of  an  amorphous  ferment- 
able carb*.>hydrate ;  and  when  hydriK-hloric  acid  is  used  an  auiidated  carbohydrate 
ia  obfiined  to  whiidi  the  name  of  glyco.*amin^  (C\H,3N0i)  has  l)een  given. 

Preiuirntiitn}  llie  cleansed  exo-skcloton  of  a  lobster  is  thoroughly  extracted 
with  dilute  hydrochloric  acid  and  thon  with  caiimic  Rodn.  To  purify  it  finally  it  is 
fubtuitied  10  prolonged  boiling  with  a  solution  of  potOBsic  permanganate. 

[  Nucleo- albumin. 

This  term  is  applied  to  a  class  of  substances  which  seem  to  be  eomposed  of 
nuolcin  and  an  albuuiinons  protcid.  Casein  is  prnhably  a  nucleo  albumin,  lor  when 
imbjeclcd  to  peptic  digeblion  a  residue  of  nuclcin  is  obtained.] 

CARBOHYPRATES. 

Certain  metnbers  only  of  this  class  occur  in  (he  human  body :  of  these  the  most 
important  and  widespread  are  those  known  as  glycogen  and  the  two  sugars,  grape- 
sugar  or  dextrose  {glucose),  with  which  diabetic  sagar  seems  to  be  identi<»l,^  and 
maltose.  Next  to  these  comes  milk-sugar.  Inosit  is  another  body  of  this  clasa* 
although  it  differs  in  many  imixirtant  jioints  from  the  preceding  two. 

8uK&n  uv  (tnx>Ti  ronalAered  to  be  polyatomfc  aJcotioln.  Severa.1  of  them  stand  In  pecollv  reUUloo 
to  nunnlt.  and  may  t»  conrerted  into  that  gubstuice  by  tbe  action  of  aodiDm  amali^m.* 

[When  solutions  of  sugars  are  warmed  in  the  presence  of  phenyl-hydraxin  and 
dilute  acetic  acid,  amorphous  or  crystalline  substauces  separate,  which  are  tenned 
oiaztiiifx.    These  differ  according  to  the  different  sogara.] 

1.  I>extrose  (Grape-«ug«-).    C^Ui^O^ -i- U,0. 

Occurs  in  the  contents  of  the  alimentary  canal  to  a  variable  extent  deiiondeot 
on  the  nature  of  the  food  uJcen.  Tt  is  also  a  normal  constituent  of  blood,  chyle, 
and  lymph.    Concerning  its  presence  in  the  liver,  see  p.  574.    The  amniotic  fluid 

1  9w  KosRCl.  Zeltjwti.  f.  Physiol    rhcm.,  ltd.  Ml.  tXmV),  8.  2^4:  It.  (ISSO).  &  300;  rU.  riS88).a  7. 
"riitersiifh-  uberd.  NucMn  u.  ihreSiJiUtuninprod,"  BtrMb.,  IMl. 
t  I^lilrrhrvw,  ZeJt«ch,  f.  nhjrRlnl.  <ri>c<in.,  Hd.  U.  (IffTS),  8.  2U. 
«  I^Morh<«e.  inc.  Cit..  Bd.  Iv.  niV<H.  S.  139. 

*  Butjclili.  Arch,  f  Anat.  u.  Pbyslul  .  Jabrg.  1974.  8.  3A2. 

*  Ttir  •jueviioii.  Iiuwever,  whethiT  neveml  varlutttwof  !<ninir<Nsrurrlng  In  tbeanlDiol  tmdy  lian  not 
nitiriinn<U-<l  tiigfoltier  under  the  ctmitium  nmnic  of  dexlnxM*  ur  gluoo**  loay  Iw  caaddered  at 

■nt  All  ojK.-ti  otu*. 

*  liaaomanu.  Ann.  d.  Cbem.  u.  Pbarm..  Bd.  cxxill.  fi.  iw.  J 
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also  contains  this  bady.  Bile  in  the  nnntwl  cnndition  is  free  from  sa^rarT^iTal 
nrine.  thoimh  this  puint  has  given  rise  to  great  dispute.'  The  disease  diabet< 
charaotcnzcd  by  an  excess  of  dextrose  iu  the  fluida  and  tissues  of  the  body 
p.  585). 

When  pure,  dextrose  Is  colorless  and  crystallizes  from  its  aqueous  solattofi' 
eiX'Sided  tables  or  prisms,  often  Rffclomerated  into  warty  luuipa.    The  crystaU  wiH 
dissolve  in  their  own  weight  of  cold  wat^r,  requiring,  however,  some  time  for  Uk 
process ;  thoy  arc  very  readily  soluble  in  hot  water.    Doxtroj^e  is  somewhat  spir 
ingly  soluble  in  alcohol,  and  crystallizes  from  Rnhydroua  alcohol  in  prisms  free 
water  of  crystallization  ;  it  is  moreover  insioluble  in  ether. 

The  freshly  prepared  cold  nqucous  solattno  of  the  oiTstals  po»Maae>  a  dextro-mtiMorr 
+  104'^  for  yeUnw  light.    Thin,  iiuit*kJy  on  hcnting,  more  slowly  on  sUnding,  &lla  to  -r-66P,  at 
point  It  remrvluft  cnn^tunr. 

Dextn;*e  rendlly  forms  componndi  with  adds  and  many  satlx:  the  latter  aivvery  iintKabltt. 
poolLiou  ru|iiJlv  ciuiuitiK  on  lieatliig  them.      Wlieu  1(>  inet&lUc  coiniMmudji  are  deoompoc 
acoomfKmlt ion  \n.  In  ninny  cAMfl.  accomnanlvd  by  the  preol pllatioti  of  Iho  mctAls  i*.  ff.,  direr, 
mercury,  bismath.    Caustic  alkalies  reaally  decoinpoac  tbem,  u  also  doer  ammonia. 

Dextrose  is  readily  nnd  completely  precipttatcd  by  lead  acetate  and  amninniu. 

An  important  propi-rty  ot  t\m  body  ia  its  power  of  undergoing  fermi  r; 
Of  these  the  two  firimipid  arc:  1.  Afoihoh'c.  This  is  produced  in  aqud 
lions  of  dextrose,  under  ibe  itifluence  of  yeast-  The  docouiiMwition  is  the  iol 
ing:  C'eHi,Oo=  2C\n,0  +  ^CO^.  yielding  (ethyl)  alcohol  and  carbonic  iinhy  _ 
Other  alcohols  of  the  acetic  series  are  found  in  traces,  as  also  are  Klycerin,  ?ik- 
cinic  acid,  and  probably  many  other  bodies.  The  fermentation  is  mo>t  active  n 
about  25**  C  Below  ^°  C  or  above  45**  0-  it  almowt  entirely  ceases.  If  the 
charino  solution  containH  more  than  15  per  cent,  of  suear  it  will  not  all  be  dt 
posed,  OS  exccs.s  of  alcohol  sCop.H  the  reaction.  2.  L*xctic.  This  occurs  iai 
presence  of  decomposinf^  nttru>;enou8  matter,  cspeciallv  of  casein,  and  ia  prol 
the  restili  of  the  uotinn  of  a  specific  ferment.'  The  first  stage  is  the  pixtdi 
of  lactic  acid.  C«II|30a  =  SCjIlaO,-  In  the  second  butyric  acid  is  formed  witfc 
evolution  of  hydrogen  and  carbonic  anhydride:  2C3H,03  =  C4H„03  f  liCO.-i-  2Hj. 
The  aW^ve  changes,  the  first  of  which  is  prubably  undergone  by  sugar  to  a  or«h 
siderablc  extent  in  the  intestine,  are  tuoat  aitive  at  35"  0. :  the  presence  of  alkalitK 
carbonates  is  also  favorable.  It  is.  moreover,  essential  that  the  lactic  acid  iihoald 
be  ncutrahzed  as  lust  as  it  is  formed,  otherwise  the  presence  of  the  freo  notd 
the  process 

The  preparation,  detection,  and  estimation  of  dextrose  are  so  fully  given  m 
ous  books  that  they  need  not  be  detailed  here. 

2.  Maltose-    Cj,II„0„  +  H,0. 

Tliid  form  of  sugar  was  first  described  by  Dubnmfaut*  as  a  pn>duot  of  the 
of  malt  extract  on  starch.  \tn  existence  was  for  a  long  time  dotibted  mi 
O'Sullivfiri*  repeated  and  confirmed  the  previous  experiments.  According  to  dim 
it  crystallines  in  line  acicular  crystals,  possesses  a  specific  rotator>'  power  of  —  \Uf 
and  a  reducing  power  which  is  only  one-third  as  great  as  that  of  dextr^e.  b 
seems  prubablu  that  this  is  the  chief  sugar  obtained  by  the  action  not  only  ol 
diastase  but  of  ptyalin  and  pancreatic  ferment  tipcm  sttiroh  and  perhaps  also  apofl 
glycogen  ■}  although  nome  dextrose  may  at  the  same  time  be  formed.  Muactuoi 
and  Gruber"  have  shown  that  maltose  may  also  be  formed  by  the  action  t>f  dil'itt 
sulphuric  acid  on  utarch.  and  that  it  b  capable  of  undergoing  alcoholic 
talion. 

Preparation.    See  Muaculus  and  Gruber  {loc,  cit.). 

3.  Milk-eugar.     C'laHaO,,  4-  H,0. 

Also  known  as  lucUnc    It  is  found  in  milk,  and  is  characteristic  of  this  seoi 
It  is  t^aid,  however,  to  occur  abnormally  in  the  urine  of  lyiug-in  women. ^ 

It  yields,  when  pure,  hard,  colorless  crj'stal.-^,  belttnging  to  the  rhoum 
(four-sided  prisms).     It  is  less  soluble  in  water  than  dextrose,  requiring 

I  Bm  SeegeD,  Dor  Diabetes  Mcllltus.  2ed..  B.  106. 

*  Ltoter.  Patb.  8oo.  Trans.,  vol.  for  1S7S.  p.  42&,  also  Qoan.  Journ.  of  Mlcroa.  Set.,  vol.  xtUL 

p.  177. 

>  Anu.  Chim   Phy«.  (8)  xxi  (1947).  p.  178.  <  Journ  Chem.  9oc..Scr.  2,  vol.  au<ll7fi.|LJ 

>  Muxalua  u.  t.  Sfarinr.  Zoiteota.  f.  physioI.  (Hicm.,  Bd.  11.  (1R7S).  S.  408. 

•  Zeltschr.  r.  pby.floi.  Cbem.,  Bd.  U.  \im).  S.  177.  '  lioftneliiier.  IbUl..  Bd.  I.  {\wn),  &  1 
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tlon  BIX  times  its  weight  of  cold,  but  only  two  parto  of  boIllDK.  water;  it  is  entirely 
insoluble  in  alcohul  ami  ether.  It  i«  fully  precipitated  rniui  its  oolutions  by  the 
addition  of  lead  acetate  and  aoiuiunia- 

When  ftcahiT  dJMolTcd,  Ita  aqueous  lotution  {loneMn  ft  ipeclfio  dextroroutotr  power  of  •^M.l'* 
Cor  sodium  light ;  this  dlmlnbhes  iilowly  ou  Blaodlnfr,  nplahr  nn  bolUog.  unlit  ll  fln&lly  nimalns 
oouuntftt   ihCL^.    The  AmotiatorrolftCton  is  Independont  ofche  ooncent ration  of  tht^  mjtiitl<m. 


iJUitoM  nntteBroMllly  with  tMMS,  fonnlng  nnAlablecompuuad*;  from  lu  metallic  c«miiN>un<l»  the 
in«t&I  la  precipitated  la  thu  redticed  state  on  bolliug  :  it  reduce*  copper  nalta  as  ceodUy  as  dextroM 
tnjt  to  a  leas  extent,  vU. 


IntboratiooTTOtlOU. 


Lactose  ia  geiicrully  stated  to  admit  of  no  direct  alcoholic  fermGntatioii ;  this 
may,  bowe\'er.  someitmes  1h;  induocd  by  the  prolonged  action  of  yeiwu  By  bciilinx 
with  dilute  uiineral  u^^ids  lactone  is  converted  into  j^alacto^e,  which  readily  undergoes 
nl«>holic  fermentttiion  atid  possesses  a  greater  rotatory  power  than  lactose. 


It  may 
tion.  milk  tt»etr  ma 


be  remarked  here  that  though  iMoftUH  lactone  ii  Incapable  of  dlrvcl  alooboUc  ferm^ota- 
...  .... 

detect  any  Intermaiia 


incapal 

b«  frrmvnttMl :  IiiTthelot  wa?  umible  In  this  direct  nlcoholic  fermentalioD  to 
tc  chautre  of  tho  loctoao  Into  any  other  rermcntable  sugar. 


Lactose  is,  however,  dtrectla  capable  of  undcr*5oing  the  lactic  and  butyrk*  fer- 
mentation ;  the  cipcumstanccs  and  tjroduct.s  arc  tho  same  as  in  the  va^v  of  dextrose 
(see  above).  The  action  \&  geuenilly  jjroductivc  of  a  collateral  tsinall  <4ua(iiity  of 
mloobuL 

Lactose  is  thus  distinguished  from  dextrose  by  its  smaller  solubility  in  wateri 
insolubility  in  alcohol,  crystalline  form>  lower  cupric  oxide  reducing  power,  and  its 
incapability  of  undergoing  direct  alcoholic  feriueDtntion. 

Prepanition.  AfVcr  the  removal  of  the  casein  and  other  prot^^ids  of  the  milk. 
the  mother  liquor  is  evaporated  to  the  crystallising  poiut ;  the  cryt^taU  are  ptiritied 
by  repealed  cr>3taUiaation  from  warm  water. 

A.  Inoslt;.    t'jH„o,  -  211,0. 

This  substance  occurs  but  ^parinely  in  ihe  human  body;  it  was  found  originally 
by  Scherer'  in  the  muscles  of  the  heart.  ClueUa  showed  its  presence  in  the  lungs, 
kidneys,  spleen,  and  liver,'  and  Miiller  in  the  brain.'  It  occurs,  hIk),  in  diabetic 
urine  and  in  that  of  "  Bright's  disirHse,"  and  is  found  in  abundance  in  ihc  vege- 
table kingdom- 
pure  ioosit  forms  large  cfflore^cnt  erysiab  (rhombic  tables);  in  microscopic 
preparations  it  is  usually  obiainod  iit  tuficd  lumps  of  fine  crystals.  Easily  liable 
in  water,  it  is  insoluble  in  alcuhul  and  eiher.  It  po^scs^es  no  action  on  poliiriKcd 
light,  and  doci  not  reduce  solutiont<  of  metallic  salts. 

It  admits  uf  no  direct  alcoholic,  but  is  capable  of  undergoing  the  lactic,  fermen- 
tation ;  accurdiug  to  Hilger/  the  acid  formed  is  sarcolactic.  It  is  unalt4.*red  by 
hcMting  with  dilute  mineral  acids. 

Prrpiiration.  It  may  be  precipitated  from  lis  solutions  by  the  action  of  />ii*ic 
lead  acetate  and  ammonia  ;  tne  lead  is  then  removed  by  sulphuretted  hyJrogcn,  and 
the  in<mit  precipitated  with  exoeaa  of  alcohol. 

A*  a  special  test  (Scherer's)  may  be  mentioned  the  nruiluction  of  a  bright  violet 
colur  by  careful  evaporatiun  to  dryness  on  platinum  foil,  with  a  little  ammonia  and 
calcium  chloride. 

5.  Dextrin.    ('.IIioO^. 

By  boiling  starch-paste  with  dilute  acids,  or  by  the  action  of  ferments,  the  starch 
uiconvt!rte<l  into  an  L-«omertc  body,  to  whioh,  from  its  action  un  polarized  light,  the 
name  dextrine  has  been  given,  it  is  soluble  in  water,  but  is  precipitated  by  nlcohol. 
It  does  not  undergo  alcoholic  fermentation  until  after  ii  nas  been  changed  into 
dextrose,  nor  can  it  reduce  metallic  salt.-*.  It  yields  a  reddish  port-wine  coh>r  with 
iodine,  which  disappears  on  warming  and  does  not  return  ou  cooling-^  Further 
action  of  acids  or  of  ferments  converts  dextrin  into  dextroM!-  Dextrin  is  present 
in  the  contents  of  the  alimentary  canal  after  a  meal  couCaioing  starch,  and  has  alao 
been  found  in  the  blood. 

There  is  not  the  least  doubt  that  several  modifications  of  dextrin  exist,  and  may 
be  obtained  by  the  action  of  acids  and  ferments  on  stanch.    Of  these  two  of  the 


1  Ann.  d.  Cbem.  u.  Pharm..  Bd.  IxzlU.  8.  322. 
•  UM.,  Bd.  oUI.  8. 140. 


*  Ibid.,  Bd.  xcU.  8.  3MI. 

*  Ibld..B<l.  clx  S.RS. 
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best  known  are  those  dcMJribeJ  by  Brnoke  *  uiidor  ilio  nunie  <if  crytl 
AohnKxloxtnu.  the  fortuer  jriviu^;  u  red  eolur  with  iudine,  the  latt«T  oot_ 
color  at  nil.     Kni'thniiicxirin  tuhv  bo  rcftdily  Lvniverted  tuto  it  4uor  hf  iht 
feriitentH.  ant)  ihiis  Ls  not  foiiml  a>  a  pnxluct  of  thi^  otirupleto  ac(it>a  uf 
ntan-h.     Achroo'lcxtrin,  on  the  other  hand,  is  nni  thus  ivnvenvU  by 
therefore  remains  in  Holution,  together  vrnh  the  sukat  foniic<i  br  Um 

Styiftlin  on  htarch.     AchrouOextrin  way  be  eonvurted  into  UcxtruK  liy 
ilule  hydrochloric  acid. 

Melon^fl  lo  tbc  ntareh  dtviaitm  of  oarbohydraicfi-     niHMVon<ii  by  ItcnwH 
liviT  and  other  orji<ans  (!*ee  p  573). 

Glyeogcn  U.  when  pure,  an  utuorphous  powder.  oolorkM  umI  buCclcai. 
(H>luhle  in  water,  insoluble  iu  ulonhol  and  otfior.     h«  a'|ucnii8  iM>lutN>n  i» 
thouffli  hot  always,  strongly  onah^^iocnt,  but  oonlain:!  ni>  partidm  vUibl*  fluk.. 
ically  ;  the  opaleuccnce  iy  much  rrdm^cd  by  the  prracnccof  fi  '    -^     T^ 

soliuion  poBscii!H'»,  aceordini:  to  HoppeScyier.  a  very  .sirttii  ^Atnrj 

about  ihrve  Um*^  n»  jrreai  a*  that  ot  duxtroM>  /  it  diattoUea  ny<inic<i  csptw 
but  thU  \»  not  reducf^d  on  boilintr. 

By  the  action  of  ddute  ntincriil  netds  (exeept  nitrici  t»    -  »    -t-aDr 
a  fitrui  of  supitr  very  closely  rrweinhlinK'.  though  proh  i 
true  dextroHC.  and  the  aanie  eonvereion  is  alst)  readily  lL... .,:  ....  t1 
lolytir  fiTUienls.     The  fiu^ar  iiiu>  wliicli  the  jelycojeCD  of  thv  llTcr  hk  OBtori 
verted  af^er  death  (hcc  p-  ri74)  appeam  to  Iw  tni«  dextn>M ;'  ao  abo  lb« 
diabeieM.     The  re^utt  of  the  uetion  of  dinsiajtc,  or  salivary'  or  pancrouie 
upon  gly«>^en  is,  however,  ttiXM>rding  Iu  Mu>i0ulu5  and  v.  Merinit,*  a  m 
achioodcxtrin  and  uialtuHf  ;  the  quantity  of  doxiruM  ui&kinK  iit  apptaanMW* 
same  limf  Iwin^r  very  Muall. 

Opalewvnt  Miluiions  of  fflyro|rcn  usually  l»coonie  elcar  on  ihr  addiliim  ttT 
alkali  ;   VintM'hgftu  and  Dietl*  have  Hhown  that  thiK  \»  apnomttanirti  on 
a  chan>!y  which  evtnverts  a  portion  of  the  cly<f)|ren  int 
give  ihtMianic  of  3  glyeogen-dextrine.     (Kuhnc*  hud   i 
to  whieii  he  ^avc  iht*  name  glycogen  dextrin-     That  •■ 
Dietl  diffcre  hlinhtly  fnuu  Kuhno'a  body,  hence  thr 
authoni  otie  HOh  of  the  glycogen  i^i  at  the  Mime  linir  « !•.>■•. 
praaeni  undet^rniine^l.^ubMAnc^.    Nortnal  lead  acrtAtc  pst- 
salt  a  prwipitnte,  in  M)lutions  of  ^'lyeogen. 

As  tests  for  this  Ujdy  way  be  ubed  the  formation  ol    ' 
iodine;  lhif«  dinapiH-apn  on  wanning,  but   rcturti*  on  vjooIitu 
produced  by  the  action  of  iodine  on  dt^trin.  but  thin  d<ie*  aoi  rv*pp«ar  oo 
allor  it«  dii«appciinin(M?  by  warndnK- 

/'rrjMiniti'on  of  gUjcitgnt.     The  following  is  Hrilckq'H'  nivtbud.    The 
Bininly  strained  dotNioiion  of  perfectly  fre*h  lirer  or  other  glyeorpnir  \\mmm  i 
ooM.   trt'ated   alternately  with   dihitc   hydroehlorie   arid    »'   '  '  wi^m   iii 

double  iodide  of  potoasiuni  and  nicrcury"  as  lung  a*  any  ;  noc^ 

the  prewneo  vA'  free  hydrwhlorie  acid  the  double  iodid«    i  i.     i        ■      tiruCcid 
ten*  so  CDUipletcly  as  to  render  tlieir  aeparaliuu  by  fihi  .^  ;>       -■        llw 
beiuK  thus  got  rid  uf.  the  clyi-ogen  ip  precipitated   fimm    th*-    tiitrat^ 
alcohol  to  the  extent  of  between  ^'a>  and  Tti  (n'rccut.     Tihi  tuac4i 


avijided.  gim^  other  substnnecB  as  well  a«  trlycotrvn  art-  * 
diyeogen  i«  now  washed  with  alcohol,  fir-t  uf  (Vn  an<l 
ward  with  ether,  and  tinulty  with  absolute  alcohol.     It,  ;^ 
acid. 


.„^;*  ^1 


a  atrUT.  il.  Wlon.  Ak»(l. 
t  8m  Knii,  I'flnri'r's  Arrli 
*  HIUCcfflArch..ikI.  XJX.  u^..' 
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[7.  Anlmal-ffutn- 

ThU  carbohydrate  is  found  in  the  milk  an<]  urine,  and  is  ftl^  prepared  by  the 
action  of  euperheatcd  water  on  (he  salivary  gland*.] 

6.  Tunicln      (Ccn„,Oi}t.. 

This  b(Kiy  is  reirarded  by  many  observers  as  identical  with  the  trne  cellujnse  of 
plants,  while  others  have  a.*cribed  to  it  j*roperiie8  diD'erinK  iVoiu  those  of  cellulose 
suiiioicntly  to  jusiily  itH  reueiving  a  distinci  name.  It  appears  to  be  more  resistant 
to  the  action  of  chemical  retigentH  than  plant  eetliiloiie. 

It  oon^litutes  the  chief  part  of  thu  iiHtiis'umont  of  the  ascidia  or  tunicata.  As 
prepared  from  this  source  it  is,  when  i)ure,  quite  white,  and  usually  retains  the 
shape  of  the  tissue.  It  is  unacted  uptMi  by  any  reagent  ex<*«pt  strong  acids  and 
alkalies,  and  by  the  action  of  (he  former  it  ylolda  some  form  of  sugar. 

FATS,  THEIR  DKIUVATIVKS  AND  AJ.LIKS. 
The  Acetic  Arm  Skriks. 

General  formula,  CnH,**),  (monobasic). 

This,  which  is  one  of  the  most  complete  homologous  series  of  organic  chemutry, 
runs  parallel  to  the  series  of  monnt^itnic  alcohols.  Thus  formic  acid  corre^iponds  to 
methvl  alcohol,  acetic  acid  to  ethyl  (ordinary)  alcohol,  and  so  on.  The  several  acids 
may  be  regarded  as  being  derived  from  their  respective  ale^^hols  by  simple  oxida- 
tion :  thus  ethyl  alcohol  yields  by  oxidation  acetic  acid  C,Hi<)  —  0,  =  CjH(0, -f 
H|0.  The  various  meiubers  differ  in  couipositiou  by  CH,,  and  the  uoi  ling -points 
rise  successively  by  about  ly^  C.  t^imilar  reliUions  hold  koo*!  with  regard  to  their 
raelting-noints  and  specitic  gravities.  The  acid  proi>ertie8  are  strongeht  in  those 
where  n  lias  the  least  value.  The  lowext  members  ot  the  series  are  volatile  liquids^ 
acting  as  powerful  acids;  these  .«ucce>isivcly  become  less  and  less  fluid,  and  the 
highest  members  are  colorleiis  boli<ls,  closely  resembling  the  nouiit*!  faun  in  outward 
appeamnce.  Consecutive  acids  of  the  series  present  but  very  small  differences  of 
chemical  and  physical  properties,  hence  the  uifficulty  of  separating  ihcui ;  this  is 
ftirther  increased  in  the  animal  body  by  the  fact  that  exactly  those  acids  which 
present  the  greatest  similarities  usually  occur  together. 

I  he  free  acids  are  found  only  in  small  and  very  variable  quantities  in  various 
parts  of  the  bwly ;  their  derivatives,  on  the  other  hand,  form  most  important  con- 
stituents of  the  human  fi*amc,  and  will  be  cronsidercd  further  on. 

Formic  acid.    CHOOH. 

When  pure  is  a  strongly  corrosive,  fuming  fluid,  with  ^wwerful  irritating  odor, 
solidifying  at  if  C,  boiling  at  Huf  C,  and  capable  of  being  mixed  in  all  propor- 
tions with  water  and  alcohol.  It  has  been  obtained  from  various  parts  of  the  body, 
such  OS  the  snleen,  thymus,  pancreas,  muscles,  bniin.  and  blood  ;  in  the  latter  its 
presence  may  lie  due  to  the  acttou  of  acids  on  the  hiemoglobin.  According  to  some 
aulhots,'  it  occurs  also  in  urine. 

Healed  with  sulphuric  acid  it  yields  carbcmic  oxide  and  water;  with  caustic 
potajih  it  gives  hydrogen  and  oxalic  acid. 

Acetic  acid.    CjII^O.OH. 

Is  di.^tinguisheij  bv  its  characteristic  odor;  its  boiliDg-point  is  117*  C-;  it  solidi- 
fies at  ^t".  and  is  fluid  at  all  temperatures  above  l.'l*  C.  It  is  soluble  in  all  propor- 
tions in  alcohol  and  water. 

It  occurs  in  the  j-toinach  as  the  result  of  fermentative  changes  iii  the  food,  aiid 
is  frequently  preseut  in  diabetic  urine.  In  other  organs  and  fluids  it  exists  only  Id 
minute  trac««- 

WUb  fcnic  chitxi^t  It  rlelds  a  blood-red  Boltition.  dco>lorlzed  by  hydrocbloric  Aci<I.  (It  dlften 
in  tbU  tail  rMCtlon  (tarn  nUphoeyanldc  ot  iron.)  Haled  wltb  nlcobol  and  itulpburlo  add.  tha 
chamt'teriiftlc  odor  nf  Msetle  etaer  !•  obulned.    ]t  does  not  reducv  Dllvcir  uiumte. 


>  Itnllglntky,  Hopp»«eTl«r-i  Mvxl.  ch«ni.  SlUlbeilong.  tieft  J,  B.»0.    Tbudlcbiim,  JounuaTtbe 
Oteni.  Ac,,  vol.  TUi  p.  4Q0. 


1040 


APFICNDIX. 


Propionic  acid-    CjFTjO.OH. 

ThU  ftcid  clodely  rcscmblos  the  preceding  one.    It  potMfltft  ft  very  sour 
pungent  odur;  it  in  i^olublo  in  water,  boiln  at  Ul**  Cm  vnd  mmy  he  M»puBlaJ 
it£  aqueouH  solmion  by  oxccss  uf  catcio  chloride. 

It  (Xtjure  in  small  (pmntitie^  in  sweat,  in  the  cuntfnttt  of  ih*  MOOHmI 
diabetic  urine  when  undergoing  t'LTinentation.     It  in  HtniiiMrly  proJnOtdj 
however,  with  other  pruduets,  during  uloAjholic  feiuieni«MoQ.  or  l^  Um 
sitioD  of  glycerin.     It  partially  reduces  i^ilver  nitniic*  solution  ua  boilinc* 

Butyric  acid.    Cjl;(».OU. 

An  oily  c^lorlc^  liquid,  with  an  odor  of  rancid  butter,  soloble  in  «mt#r. 
and  ether.  l>oiling  at  16:2''  C.    Calcic  chloride  separates  it  Irom  iui  avueod 

Found  in  sweat,  the  eontcnm  of  the  large  inieatine.  fL-ccH.  and  in  uriM. 
in  traces  in  many  uthcr  fluids,  and  is  plcDtilnlly  obtained  when  Ji 
mixed  with  powdered  chalk  and  kept  at  a  temperature  ofito'^C.   It  cxiaUi 
fat  in  fiuiall  >]iiantiti«-*s  in  milk. 

Valerianic  add.    <;4lI»<:)XHI. 

An  oily  liouid,  of  penetrating  odor  and  burning  tuile;  aolublv  io  .tO 
water  at  12°  C.  :  readily  soluble  in  aU*ohol  and  ether-     Boil»  at  IT&"  C< 
in  free  and  combined  form,  a  feeble  right-handed  rotation  of  the  pUoe  uf 
tion. 

It  IB  found  in  the  Holid  exeremetitK.  and  h  formed  readily  hy  the 
through  putrefaction,  of  impure  leucin,  auuuuuta  being  at  tb«  SMM  lint  9^ 
hence  iu  ooeurrence  in  urine  when  th»t  fluid  ooDta-infi  leucin,  aa  in 
atrophy  of  the  liver. 


c,u„o.ou. 


in  butter. mud  in  omiuiiied  in 
The  first  ic  AH  ol^  fluid.  nWsth 


Or 


Oaproio  aold. 
Caprylic   •* 
Caprio  iKtiiic)  aold 

TlicHe  three  occur  toirethcr  (as  fais) 
portions  in  the  fewf  froin  a  n>c«t  diet, 

water;  the  others  are  siilid:^  and  »*arcety  t^oluble  in  water;  thi 
proportion.^  in  alcohol  and  ether.     They  may  be  nrvparad  fruui 
rated  by  the  varying  tiolubilities  of  their  barium  hIia. 

Lauroateario  aold.    Cigll^O.OIl. 
Myrifltio  *•         C„n„0.()H. 

Tbette  occur  ha  neutral  fats  in  spermaceti,  in  butter,  and  olber  ftOk 
wot  no  poiniJ«  of  intoreat. 

PalmiUo  aold     <'„H„O.OH. 
BtaarlG        "        C„lI„(».OH. 

Thoflc  aro  ftolid,  eolorle»i  when  pure,  lacteleai,  odorieM  crriitaninf 
former  melting  at  (Vi"  ('..  the  latter  at  t"i*f.2*  C     In  water  i) 
palmttiu  acid  ict  mure  readily  M>lnble  in  cold  alcohol  than  r\ 
diMoIved  by  hot  alcohol,  ether  or  ctiloruform.     Uhu-ial  a<  ■ 
io  large  qnantity,  the  s<»hition  being  oAaiitted  by  wanning.     ^ 
with  rhe  nlkaltc'K,  olso  with  many  other  metaU.     Tbe  var 
bariuut  ^dtliA  afford  (hu  means  of  sc[taratiiig  them  whrn  n 
applied  to  iimny  othott  uf  the  hijilief  mctiibcre  of  rhi-  »  n-  • 

Thesp  acids  in  mmhination  with  ulyrvrin  (?ee  lx'I"«  •       c   'Li*r  vitJi  tike 
goiir<  coni|HMind  of  oleic  ncid.  form  the  principrt'  >f  huoina 

■a1t«  of  ouleitmi  they  uecur  in  the  I'eccH  and  in  "  pnibaldj  i 

blood,  and  surous  fluids,  at*  s^ilta  of  audium-    Tl.^  >  ..ic  ;.,;.. w  .u  tftie/nv 
dec-ompnsing  pus*  and  in  c«m>ou8  dopoaiis  of  tubvrcaUMJft. 


ou- 


tKM 
40 


1  H«lnu,  Xuoal.  au  Ph)x  u.  Cbarn..  Ba.  k«UI.  ft.  3cm. 
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Acids  or  tiik  Oleic  (Acrvuo)  Sehiks.    H(C«Hjw-a'iOi  (monobafiic). 

Many  acids  of  this  series  occur  as  glycerin  compounds  in  varioufi  fata.  They 
are  very  unstable  and  readily  absorb  oxysen  when  exposed  to  the  air.  The 
higher  members  are  decomposed  on  atieiDpiing  lo  distisi  ihem.  Their  most 
peculiar  property  is  that  of  being  converted  by  traces  of  NO,  into  solid,  stable 
metameric  acids  capable  of  being  distilled.  They  bear  an  interesting  relation  to 
the  acids  of  tlic  acetic  sertea,  breaking  up  when  heated  with  oaustic  potash  into 
acetic  acid  and  some  other  member  of  the  same  series,  thus : 

oleic  add.  PoUnlc  acetate.  Foumalc  {lalmltate. 

HC,.HuO,  -f  2KHU  =  KCyiA    ^     KCi,H„0,  +  H^ 

Oleic  acid.    C,bHjsO.OH. 

This  U  the  only  acid  of  the  series  which  is  (^h^Tiiu logically  important.  It  is  found 
united  with  glycMiriii  in  all  the  fatM  of  the  huiuati  body. 

When  pure  it  is,  at  ordinary  temperatures,  u  colorless,  odorless,  tasteless,  oily 
li()uid.  solidifying  at  4°  C  to  a  crystalline  mass-  Insoluble  in  water,  it  is  ^ihiblc  in 
alcohol  and  ether.  It  cannot  hi'  distilled  without  decomposition.  It  readily  forms 
with  potassium  and  sodium  soaps,  which  are  soluble  in  water ;  ita  winijMiunds  wilh 
most  other  bases  are  insoluble.  It  may  be  distinguished  from  the  acids  of  the 
acetic  series  by  its  reaction  with  N0|  and  by  the  changes  it  undergoes  when  ex- 
l>osed  to  the  air. 

Titi;  Neltiial  Fats. 


These  may  be  coriKidered  us  ethers  formed  by  replacing  the  exchangeable  atoms 
of  hydrogen  in  the  triiitoinic  alcohol  glycerin  (see  below)  by  the  a*:id  nwiicles  of 
the  acetic  and  oleic  series,  f^inco  there  are  three  such  exchangeable  atoms  of 
hydrogen  in  glycerin,  it  is  poa^ble  to  (bnu  three  classes  of  these  ethers;  only  those, 
however,  which  belong  ni  the  third  class  occur  as  natural  constituents  of  the  human 
IxKJy  :  thojie  of  the  first  and  second  arc  of  theoretical  importance  only. 

Tney  poswcRs  cerinin  general  characteristics.  Insoluble  in  water  and  cold  alcohol, 
they  are  readily  soluble  in  hut  alcohol,  ether,  chloroform,  ete. ;  they  also  dissolve 
one  another-  They  arc  neutral  bodies,  colorless  and  ta.steleas  when  pure,  are  not 
ea|>ab1e  of  being  disiilled  without  undergoing  decomiHisition,  and  yield  aa  a  result 
of  this  decomposition  solid  and  liquid  hydrocarbons,  water,  fatty  acids,  and  a 
peculiar  body,  acrolein,  [(rlycerin  cot»tttin?<  theelementsof  one  molecule  of  acrolein 
and  two  molecules  of  water.) 

They  possess  no  action  on  polarized  light. 

They  may  readily  be  decomposed  into  fflyceriti  and  their  respective  fatty  acids  by 
the  action  of  caustic  alkalies  or  of  superheated  steam. 

Palmitin  (Tri-palmitin).     fJ^J^x    }0r 

The  foUowiog  reaction  for  the  formation  of  this  fat  is  typical  for  all  the  others: 


Glycerin. 


FalnUCic  kcld. 


Palmmn, 


Pftlmitin  is  slightly  soluble  in  cold  alcohol,  readily  so  in  hot  alcohol,  or  in  ether; 
when  pure  it  crystailiies  in  fine  needles  ;  if  mixed  with  stearin,  it  generally  forma 
shapeless  lumps,  although  the  mixture  may  at  times  assume  a  crystalline  form, 
and  was  then  regarded  as  a  distinct  body,  namely,  uiargarin.  It  possesses  three 
different  melting-points,  according  (o  the  previous  temperatures  to  which  it  has 
been  Bubjecled.     It  solidifies  in  all  cases  at  45**  C. 

Preparatum.  From  palm  oil,  by  rcraoviug  the  free  palmitic  acid  with  alcohol 
and  cr>'stallizing  repeatedly  from  ether. 


SteariD  (Tri-sicarin). 


This  is  the  hardest  and  least  fusible  of  the  ordinar>-  fat^  of  the  body,  is  also  the 
Iciat  soluble,  and  hence  is  (be  first  to  crystalline  out  from  solutions  of  the  mixed 

66 
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faia.    It  or^ftUllizes  usually  in  Sijuurc  tabloa.    lu  presents  pcculiarilMa  lA 
pointA  diiuilnr  to  ihosc  of  palinitiu. 

I^rptirntifm.     From  inutt4)n  suet,  itR  Rcnaration  from  pftlmicin  %nd  o 
eflet'ted  bv  re|>CHted  crystutlir.ation  fruni  etlier,  stettrin  licinfr  the  least 

Olein  ( Tri-olein ) .     ^*^'»?^^*»  |  O,. 

It  »  obtaioed  with  difficulty  id  the  pore  state,  and  »  then  flttid   at 
tetnperaturefl.    It  is  more  soluble  than  the  two  preeediti^  onea.     It  rMuItly 
^oes  oiidfttion  when  exposed  to  the  air,  and  la  converted  by  more 
into  a  solid  isomerio  fat.    Olein   yields,  on  dry  distillation,  a  ehai 
the  sebacio,  and  is  safH)nitiod  with  much  greater  diffioulry  than  art  palmitM  i 
sttiarin. 

I'lPft^irfttioH.    From  olive  oil,  either  by  coolinx  t«)  0**  C  and   i^igaing  <MI  I 
olein  that  remains  fluid,  or  by  dis^olvin^  in  alcohol  and  ooolinc*  wbeo 
remains  in  solution  while  the  other  fats  crystallise  out. 

Glycerin      *f]''}o,. 

This  principal  constituent  of  the  uentml  fats  may.  aa  above  ataicd,  b» 

upon  as  a  triatomic  aleuhol. 

When  pure,  Rlycerin  is  a  viscid,  colorlens  liquid,  uf  a  well  known 
is  soluble  in  water  and  alcohol  in  all  pruportiuno.  iusulublo  in  eiber- 
verv  low  teinperalurc  it  l>ecome8  almost  solid ;  it  may  bt  dialill^  in 
without  decomposition,  between  275°-:!SO°  C. 

It  dissolves  the  alkalies  and  alkaline  earths,  alw  many  oxklca.  radi  ■• 
lead  and  copper ;  many  of  the  fatty  acids  are  als^)  Bolubf«  in  i^lytimi) 

It  poflfiesses  no  rotator)'  power  or  polarized  Yi^hl. 

It  ts  eaaily  recognized  by  it^  ready  solubility  in  water  and  alcolKd.  iU 
in  ether,  its  sweet  taste,  and  itjs  reuotiou  with  Imscs.    The  pnxlactMMi  olj 
also  eharueteriHtic  of  glycerin. 

C,H A  —  '-^Ht*^  =-  C,H*0  (AcroUln). 

l\tparotu»i.    By  saponificutton  of  the  variuus  oilfl  and  fttt.     li  t« 
small  quantities  during'  the  aWdiuliC  fernioniatioD  of  flOXtr.' 


in 


Soaps.    These  may  be  fonnetl  by  the  action  of  caastic  alkaK 
prtH'ess  consists  in  a  substitution  of  the  alkali  for  the  radielfl  of 
o*>mhiniitK  with  the  elements  of  waler  to  form  ulyoerin.    Thus: 

Trlsteftrin.  I'otMdc  ■t«Amtp.       (;l)r<r«c1a. 

'^K'" }  "i  ^  3  H }  o = •■'^  '■"'•' ' !  <» + '"ft"'  }  '^ 

Huicrcatlo  Juice  can  itplli  up  fliti  Into  slyeenn  niiU  ftve  tkttf  «eJ4*.  and  tSw 
miwblu  of  Mnoiilfyiiiir  tboM;  htiy  ftrlilr    Th«  asnnant  at  K»|a  tomrd  Ui  tte 

Iwtwvwr,  <ituin  ann  tinli»|«>rOiiiL 

AruM  or  TUK  Gtrcoijc  hkeike. 

lluiining  pitratlel  to  the  mnnntomir  alcohols  iCaH|V^iO)  tt  Ui4 

aUhoUori!;lyroN((,\H.^,<),).     ThustN.rr^ r' •»- '  nIcoM 

alcohol,  ethyl  Klyco).     Afi  from  the  uion:ii  in  Um 

may  be  derived  hy  oxidation  ;  from  the  I''  ■  r.  two 

can  be  obtained,  known  rcMjHH'tivcIy  as  r  'ie  msx 

stage  of  oxidation  of  the  glycol  gives  a  m.  i.  '  ^rin 

RUiyl-alyrol .  tlljreollr  a«14. 

i\n^t  +  CI,  =  C^U^lJ,  t    i!,0.  ur  Hioiv  gttMtraUy 


on  laia>    T 


FMeor.  Ana.  d.  Chan.  u.  Ptainu..  M.  irrt  & 
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By  fiirtber  oxidation  a  member  of  the  glycolic  series  can  be  converted  into  a 
lueiuber  of  the  oxalic  seriea.    Thtis: 

Cilroolic  acid.  OxaUo  Add. 

t^HjtJ,  +  O,  =  LljUjl^  +  H,0,  or  more  generally 

CmH,hOb  -f  0,  =  an,«-,o,  +  H,0. 

The  acidn  uf  the  gh'colic  series  are  diatouitc  but  luouobaiiic;  but  those  of  the 
oxalic  ^rica  are  diatotuic  and  diabasic 

The  following  tnhlo  maybe  given  to  show  the  general  relationship  of  alcohols 
and  acids : 


Radwle. 

Aloohot 

Add. 

OlyeolB. 

Add  I. 

AetdH. 

Methyl   (CH.) 
Eihyl    (C.H») 
Propyl  (C.H,) 
nutyl     (C.H,) 

CH.(OH) 

C-,H,(OH) 
CH,(OH) 

Formic. 
HCHO, 

Acetic. 

Propinaiu. 
Butync. 

Cnrbonic. 

OlVTOlic 

OxTbutvric 
CHjHJOi 

EthvI-glvcoL 

Prouvl-jjlvcol. 

Butyl-glycoL 
C.b,lOH), 

Oxalic. 

Mtilonic. 

Succinic, 
H,C,H.O, 

Glycolic  Acid  SKHres. 
liactio  acid.    CsH/)^ 

Next  to  carbonic  acid,  ihe  mr»t  Important  member  of  this  series,  as  far  iis  physi- 
oloff>'  is  concerned,  h  lactic  acid. 

Lactic  acid  exist*  in  four  isotncrie  tuodifications,  but  of  these  only  three  have 
been  f<mnd  in  the  human  body.  Tliese  three  all  form  syrupy,  colorlera  fluids,  solu- 
ble in  all  proportidTis  in  water,  alcohr>l,  and  ether.  They  puegess  an  iuteoselv  sour 
taste,  and  a  strong  acid  reaction.  \Mien  heated  in  s^olulion  they  are  partially  dis- 
tiUed  over  in  the  escaping  vnimr.  Tfiey  fonn  halls  with  metals,  of  which  those 
with  the  alkalies  are  very  soluble  and  crystallize  with  difficulty.  The  calcium 
and  Kino  saltH  tire  of  the  grcalcH  impotianoc.  as  will  be  seen  later  on. 

1.  Ethylidene-lactic  acid.  This  is  the  ordinary  form  of  the  acid,  obtained  as 
the  characteristic  product  uJ'  the  well*known  *' lactic  fermetitairon."  It  occurs  in 
the  contents  of  the  stuuinch  jind  intestines.  According  to  Ileintz.'  it  i&  found  also 
in  muscles,  and  according  lo  Gscheidlen'  in  the  gunglicmte  cells  of  the  gray  sub- 
stance uf  the  brain.  In  many  diBcnses  it  is  found  in  urine,  and  exists  in  a  large 
amount  in  this  excretion  after  poisoning  by  phosphorus.' 

tl  may  \iv  \>Tvytm<]  by  the  general  xnt-thcidf  nf  tsJow  |y  nxlflizinK  the  corrwipoinllna  glycol  nr  by  •cl- 
ing on  manocbiuriiiHled  prupiuiiic  iicid  with  niulst  ftiWvr  uxUle.  In  ublaiiilng  U  irum  the  prooaet? 
of  lactic  rcrmeniAltmi,  the  cruht^  of  zinc  larttite  nn;  inirlikd  by  »4^vcnil  rry<i|fl]|irAtion<,  and  the 
■ciil  Uberateil  from  Hit;  oomptniiid  by  ihuacUoti  of  «Dlpliiirt.'Ubd  hydrofti'U. 

2.  Ethylene- lactic  acid-  This  acid  is  found  accompanying  the  next  to  be 
described,  in  the  watery  extract  of  ninMiJe.s.*  From  this  \t  is  separated  by  taking 
advantage  of  the  different  sobibilities  in  alcohol  of  the  zinc  anltfi  of  the  two  acids. 
It  seeniH  probable,  however,  (hut.  it  lias  not  yet  been  prepared  in  the  pure  sine  by 
this  tuethod. 

WlRllccnii*  Unit  ubtained  tbt«  nold  hy  tientlnir  hydroxycyaiiUIe  of  etbjrlene  with  aijutfoui  soliUtoni 
uf  U)C  alkalies. 
Ttoc  sKine  otworvcr  fouud  U  alsn  Iti  mat)]-  patlmloclcal  fluidi. 

H.  Sarcolactic  acid.  This  acid  has  nut  vet  been  i)rocured  synthetically.  As 
its  name  implies,  it  is  that  form  of  the  acid  which  chiefly  occurs  in  muscles,  sod 


>  Ann.d  rhem.  a.  Phnmi..  TVl.  rlvu.s.  -tiu. 
«  PdUgurV  Arciilv.  Bd.  vUl.  ilH7.i-7li  ».  171. 

>  Schllltj:«ii  niid  iCtew.  I'tdnT  Hctilv  l'h(«|ilH*rTt;Tgtnutix. 
*  Ann.  il  Chfiu  II.  rimrin  ,  II4).  rxxvltl.  8  r.. 


Cheui.  i'«ulnUb..  }tfi9,  8.  < 
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hence  exists  in  larce  quantities  in  Liebiir'fl  "extmct  of  momt."     Ir  is 

also  ill  putholojifical  fluids.    This  is  the  only  acid  of  the  seriec  which 

power  of  njtating  the  plane  of  polarized  light ;  it  t»  oth«TWi«6  indi 

fn>m  ihc  preceding  ethj-lidene-Inctic  acid,  and  is  Renerally  reprMeni^  bjr  tMa 

formtilft.     The  free  acid  has  dextro-.  the  anhydride  IfiDvorotMonr  acdoa. 

speoifio  rotation  for  the  einc  salt  in  fiolulioa  is  — T-CtO"  for  yellow  Hgbl. 

IPlO.  29U.  (fto. 


Ziyc  SAncoLAcr>TK.    (AfVor  KCiimc  j) 


CAicirH  BAHcvijktTtrm.     *Aii«r  Ki 


The  «inc  and  cnleium  nalm  [Fip>.  2iK>.  291]  for  sarwtlarttc  arid  an  i 
both  in  water  and  uleohol.  than  those  of  nhvltdenelaotic  acid,  baft 
those  of  ethylene  lactic  acid,  and  the  game  salts  of  ethylcoo'UolaD 
wore  water  uf  cryBtallization  than  those  of  the  other  two. 

Bvlntx'  tiBsoomtwrcil  the  iil«<>  ' 

H^moryllc  a^ltl.  t)ii>  finin!. 
dAOOinpOKlliuii  oil  htAllUK      III 


OxAi.ir  Acid  Skries, 

Oxalio  acid.    II,C',0(. 

In  the  free  suae  (his  acid  does  not  occur  in  the  humaa  body*     Cakoc 
however,  is  a  not  unfr&iuent  constituent  of  urine,  and  odUIS  iitfo  the 
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ordinarily  precipitated  froiu  !>alutioni8  of  calcic  BalU  by  amitionio  oxalate,  c4ilcio 
date  is  <iuite  aiuorpbuus,  but  in  urinary  deptmiut  it  asHumes  a  strong  character- 
"istic  crystalline  form,  viz..  that  of  rectangular  o^^tobedra  [Kig.  2^*2].  In  some  cases 
it  pro^ntj»  the  anomalous  forms  of  rounded  lump»,  dunm-tellH,  or  square  columns 
with  pyniniida)  ends.  It  is  insoluble  in  water,  aleohul,  and  ether,  also  in  ammonia 
ami  uiietai  uciil.  .Minonit  av'hU  dist^olvc  thi.s  salt  readily,  us  oXm  to  a  smaller  extent 
do  dolutirtns  uf  firtdie  pho^phnto  ht  urate.  All  ihe  above  characteristics  serve  to 
detet^t  this  salt;  its  microscoifical  appearauoe.  however,  lu  generally  of  most  uee  for 
this  purpose. 

The  pure  acid  is  prepared  either  by  oxidizinj^  sugar  with  nitric  acid,  or  decom* 
posing  ligneous  tissue  with  caustic  alkalies- 

Suooinio  acid.     IljC^HA- 

This  is  the  (bird  acid  of  the  oxalic  series,  heinj?  Bcf^arated  from  oxalic  acid  by 
the  intermediHte  malonic  acid.  HiCjIIjO^  It  occurs  In  the  .npleen,  the  ihymus, 
and  thyroid  bodies  hydrocephalic  and  hydrocele  fluids. 

According  to  Melssneraud  Shepunl^  It  is  fuuml  as  a  uonDalconaUtuunl  of  urine.  Ttils  la  con- 
tested by  Salkuwnkl,*  and  al»o  by  von  8peyi:r.  It  teems  probftble,  buHwer,  that  since  wiitn  and 
ferznenled  Uqnon  contain  sncclnio  acid,  and  this  Utter  paiaea  unctiailigvd  into  the  urihr,  llial  it  may 
tlrna  t>e  oocaalonally  present  in  this  cxcreUon. 

Succinic  acid  cr>'9tallize.s  in  large  rhombic  tables,  also  at  times  in  the  form  ot 
large  prisms ;  thev  are  !»oliible  in  o  partt*  of  cold  water,  and  2.2  of  Iwiling,  slightly 
soluble  in  alcohof,  and  almost  insoluble  in  elhcr.  The  cr^-stala  melt  at  1S0°  C.. 
and  boil  at  2.iri'^  V„  being  at  the  same  time  deoompoeed  into  the  anhydride  and 
water.  The  alkali  salts  uf  this  acid  are  soluble  in  water,  insoluble  in  alcohol  and 
ethpr. 

Preptt ration  Apart  from  the  synthetic  methods,  it  may  readily  be  obtained  by 
the  fermentation  ofealcic  midatc,  acetic  acid  being  pnxlncAJd  simultaneously- 

Its  presence  is  recognized  by  the  microscopic  ex.iminaiion  of  it.s  cryst.'ds,  and 
ita  charaoteri.stic  reaction  with  normal  lead  acetate.  With  this  it  gives  a  precipi- 
tate, easily  sotublo  in  excess  of  the  precipitant,  but  coming  down  again  on  warming 
ftod  shaking.' 

Cholesterin.    (CmHuO.) 

This  is  the  only  alcohol  whirh  occurs  in  the  htiinnn  body  In  the  tree  state. 
(The  triatomic  alcohol  glycerin  ia  almost  always  found  combined  as  in  the  fats; 
and  cetyl-»leohol»  ora'thal,  is  ubiained  only  from  ajwrmaceti.)  It  is  a  white  crys- 
taUine  body,  crystallis^ing  in  fine  needles  from  its  f^ohiti^n  in  ether,  chloroform,  or 
benzol ;  from  its  hot  alcoholic  solutions  it  is  deponited  on  cooling  in  rhombic  tables 

tFig.  233).^  When  dried  it  melts  at  145°  C.  and  distils  in  closed  vessels  at  SOti"  0. 
t  is  quite  insoluble  in  water  and  cold  alcohol ;  soluble  in  solutions  of  bile  salts. 

Solutions  of  cholcstcrin  possess  a  letVhnnded  rotatory  action  on  polarized  light, 
of  — 32°  for  yellow  Hght,  this  being  independent  of  ooncentratioD  and  of  the 
nature  of  tbe  solvent. 

Heated  with  strong  sulphuric  ncid  it  yields  a  hydrocarbon;  with  concentrated 
nitric  it  gives  cholesteric  acid  and  other  products.  It  is  CApable  of  uniting  with 
acids  and  forming  compound  ethers. 

Chole^terin  occurs  in  finiall  (quantities  in  the  blood  and  many  tissues,  and  is 
present  in  abundance  in  the  wbite  mniter  of  the  ctTcbro-spinal  axis  and  in  nerves. 

It  is  a  constant  constituent  of  bile,  forming  frequently  nearly  the  whole  mass  of 
Bomo  gall  stunct-  It  is  fouud  iu  many  pathological  fluids,  hydnK'ele.  the  6uid  uf 
ovarian  cyMs.  etc. 

Pfipitratinu.  From  gall-stones  by  simply  extraction  with  boiling  alcohol,  and 
treatment  with  alcoholic  potash  to  free  from  extraneous  matter. 

As  tests  for  this  substance  may  be  given  :  With  concentrated  sulphuric  acid  and 
a  little  iodine  a  violet  color  is  obtained,  changing  through  greeu  to  red  or  blue. 
This  is  applicable  to  the  microscopic  crystals.  Af^er  dissolving  in  chloroform  a 
blotfd-rod  solution  -is  formed  on  the  addition  of  an  equal  volume  of  concentrated 


•  fnten>ncb.  (il»erd.  Kiir» 

•  rtlil)H;r>  Ar.liiv.  B.1    ii 
■  For  nirther  tiartlculart 


irwiilrv.     Ilnnover,  IWrfl. ' 
run)  Hfl.  Iv.  (1»C1).  S,  tffi. 

•p.  cit,  and  Mil'sncr  and  Solly,  Zcitrrbr.  t  rat.  Med.  (3)  \M. 
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sulphuric  at-M ;    this  solution  if  ex|>oarti  Ui  rho  air  in  an  open  ilUh  (at«9 
green,  and  finally  yellow;  the  sulphuric  scid  under  the  chlorarurm  Has  » 


CumjanuuH  Cavctau  Afto  Fatty  AoaKMrtAfio»  avd 
]>KruuTkP  i»  Tim  riti?rK.j 

flaorcfloenoe.    After  evaporation  to  dryocsA  with  nxim  Mnd, 
on  ireating  with  ammonia. 

This  body  \»  <loKribvd  imn  nXhw  fat  the  mke  of  ego 
rataUotwhip  to  Um  sntoUnoea  Imnwllnioty  pcvcedlnc. 


lli»neidae 


C0UF1.KX  NiTttfHjKNois  Vxn. 

Laoithin.    CmH«XI'0». 

Occurs  widely  ttproad  throughout  the  body.     I-  and  mm 

it  in  9iii»ll  quantitiv>>,  while  it  it)  a  ron«piriin>:  i-nt  of  thm 

yolk  of  egK,  wnnen,  pixs,  white  blood-*' r  tritmX  urgjuu 

When  pure  it  i^  a  colorloea,  slightly  wkirli  r»B  \m 

but  often  crumbles  ilurinK  the  procee-*.     i: 
tu  hot  al«du>l .  ether  disnolvcs  it  freely  th" 
fortn.  fftLA.  benzol,  oarbun  disiilphide.  ete.     it   ■«  utirn 
eolation  by  eva|H)ratitm,  iu  the  form  of  oily  dr>j«.     It 
thi.o  aUiiti  yields  a  fliKvnleut  precipitale  with  mhIiuoi  chloride. 

Ix'oiihiu  if*  easily  deoomposdd ;  uo(  utily  doua  this  deoutiipoaiiiaQ  aei  in  at 
itiK  (i>.  ...i.iritirift,  if  mendy  allowed  to  Ktami  at  th«  ordliuify  iMBpcnuwa.  1 
111  inn.  itnd  the  •luhfltancc' irt  dctvimpoAcd.    Adda  aad  atrafiia.  ■■ 

cti  luTiL'h  more  rapidly.     If  heated  with  haiyta  water  ii  b  com 

iKKwd.  the  pruduclti  beine  neurin.  gl>'oerin-pho«pbuTie  aoid.  ami 
This  may  he  th»»  reprc^entvd  : 

Lecithin.  BUaHo  acU.  acfcS.  9C 

C„H«NK),  +  Mll,0  =  2C„H«n,       4-      VJ%f^\     -^      C,H^-CV 


Kwetb  a  a  in 


Wien  tr<*:> 
up  into  nen 
tei-ithin  as  ti 


.^rl..-ri:i!  dilution   all)!  .Ii1f)t«  Mltphtmc  UtM*  It  tp 

jrid       il«llO 

'  >!  'lino,  two  atflSM  of' 


>  Utm^Btjkf*  Utd.-ClMna.  rntmuch..  UvA  U.  itl«n.  S.  SI :  Btfl  iM.  •  1 

r  4.  oM.  Wtaa.  n*Bn,  JSr.  1,  T  a.  aiw 


>^&  aib 


jflyoerin-phosphoric  acid  being  replaced  by  the  radtole  o 
ftllO  that  tbero  probably  exist  other  autilu^'uus  oampouuc 
oleic  and  palmitic  acida  take  part. 

Pi'cfMtration.    Usually  from  the  yolk  of  eg^,  where  it  occurs  in  union  with  vhcUiD. 
Its  iHolatioD  is  complicated,  and  the  reader  is  rerenred  to  IIop|>e-Seyler.* 

Qlyoerln-pboephorio  aoid.    C'jH^POc. 

^  Oocam  a»  a  product  of  the  decouiposttion  of  lecithin,  and  hence  is  fuund  in  those 
tiBsiies  and  fluids  in  which  thiH  latter  ts  present ;  in  leuka'inia  the  urine  ih  said  to 
contain  thin  .substan^^e.  It  has  not  lieen  uhtaineil  in  the  solid  form.  It  has  been 
produced  ayntbetically  by  hcatin;u'  plvcerin  and  glacial  phosphoric  acid  ;  it  may  be 
re^rardcd  as  farmed  by  tlie  union  of  one  niolemile  of  glycerin  with  one  of  phosphurie 
acid,  with  eliuiiiiatioii  of  one  luulevule  of  water.  It  '\a  a  dibu^^ic  acid ;  its  salu^  with 
barium  and  calcium  arc  inKoluble  in  alcohol,  soluble  in  cold  water.  Solutions  of  it» 
salts  are  precipitdied  by  lead  acetate. 


Protagon.     fC,«H3o,N4K>35?j 

A  crystAlline  body  containing  nitrogen  and  phosphorus,  obtained  by  Liebretch ' 
from  the  brain  substance  and  rcuiardcd  by  him  as  its  principal  constituent.  The 
researches  of  IJopneSeyler  and  Diakonow  tt^nded  to  rthow  that  protajifnn  was 
merely  a  mixture  t)1  Im'iLhin  and  rerchrin.  A  ropehtiou  of  liiebrcicbs  experiments 
ha«,  however,  led  (iamjETCo  and  rtlankcnhorn '  to  conlinn  the  truth  of  his  results. 
Prota^on  appears  tu  separate  out  from  warm  H]4*oho1  on  gradual  iH>(>lin>r  in  the  form 
of  very  somll  needles,  uften  Hrr^ngeil  in  groutts  ;  it  is  aiiji^htly  soluble  in  cold,  more 
soluble  in  hot  alcohol  and  ether.  It  is  insoluble  in  water,  but  swells  up  and  forms 
a  gelatinous  mass      It  uicIls  at  JOir  C,  urid  forms  a  brown  syrujiy  fluid. 

Prepttrattmi.  Finely  <livided  brain  suKstHnce.  freed  fi-iiiu  blood  and  connective 
T.i«8ue.  is  di>;astefl  at  4.V^  C  with  idcohf>l(8o  percent^)as  lonw  a.^  \\w.  alcohol  extracts 
anything  from  it.  The  proia^on  which  separates  out  from  the  filtrate  is  well 
washed  with  ether  to  pet  rid  of  all  cbolestGrin  and  other  bodies  soluble  in  ether, 
and  finally  purified  by  repeated  crystallization  from  warm  alcohol- 

Neurin  (ChoUn).    OiHuNO,. 

Discovered  by  Strccker*  in  pip's  ji^all.  then  in  ox-gall.  It  does  not  occur  in  the 
free  state  except  as  a  product  of  the  decomposition  of  lecithin.  It  is  a  colorless 
fluid,  of  oily  consisience,  possesses  a  strong'  alkaline  reaction,  and  furius  with  acids 
very  deliquescent  saka.  The  salts  with  liydrochloric  acid  and  the  ihlorides  of 
platinum  and  jrold  arc  the  most  important. 

Nenrin  is  a  mo!*t  unstable  lx«ly,  more  heatinj;  of  iu  aqueous  solution  .sufficing  (o 
split  it  up  into  glycol,  triniethylamin  and  ethylene  oxide. 

/Reparation,     From  yolk  of  egg.     For  this  see  Diakooow.* 


Wtirtx'  huoMalnod  It  pyiiihoiW'Ally.  Onit  by  tbe  aotlno  offflycdl  hydrochloride" 
•litl  tb«n  b7  tbftt  uf  ethj  leiu;  oxfik-  uiid  wnter  uli  llii>  •wiiic  sulHtltllCV.     The  nliuvf 
laodenf  Its  derorapoHltlnti,  point  lo  the  irli?a  thAi  ii«nrln  may  Ik  regarded  u  trti 
AinmoDlum  hydrate,  N(CUa>i(C9UA0>0H. 


viTiln, 
1 1  thu 
Ihyl- 


i 


Oerebrin.    C„HyNO,  (?). 

U  found  in  the  axis-oylinder  of  nerves,  in  pus- corpuscles,  and  largely  in  the 
brain.  In  former  times  many  names  were  f!ivcn  to  the  substance  when  in  an 
impure  state,  (?.  g.,  cerebrie  acid,  cerebrote,  etc.  W.  Miiller"  first  preuared  it  in 
the  pure  Ibrm,  and  constructed  the  above  formula  fi'om  his  analysis ;  tne  mean  of 
the>e  is  O,  1.^85;  H,  ll,*2;  N.  45;  C.  68.45.  <Jreat  doubts  are,  however,  thrown 
upun  its  purity  by  the  rescar<;hcR  of  later  observers.  According  to  Liebroich  *  and 
Piakonow,'  it  is  a  glueiiside.'" 


•  Med.-f:bpm.  I'ntoreiicb.,  Uefl  11.  nW7),  B.  215, 
>  Ann.  d.  Chero.  u.  Pbarm..  Bd.  cxxxir.  8.  2y. 
»  ZeitKbr  f  phyHiol  rhem.,  Bd.  lU.  (l»79».  S  'MK  and  ioimi.  nf 

•  Ann.  d.  Chom.  u   rimnii  .  Bil.  cxKili.  8.  :iM  ;  Hd  I'xlvUI.  S.  7r. 

•  f>p.  cit.  (lub.  l/crublu).  *  Ann.  d.  Chom.  u.  Pbarm,,  Siip.  Bd,  v\ 
'  Ann.  d,  rh«iii.  u   Pharin..  B-l,  cv.  S.  3«l. 

•  Areh-  f  piiUinl    Aivnt  .  rui.  xxxlx.  ilW:). 

•  tlentr*!b.  f.  d.  raed.  Wlw..  lsr,H,  No.  7. 

•0  8m  alio  GeoKhesliAH.  Zotttchr.  t  pbyriol.  Cbem..  Bd.  Ut.  (1«7B).  S.  8S2. 


hyalnt.  rol.  li.  <|.^!l).  p. 

».  nou. 


lift. 

i7t. 


i 


UWMHUV**  lAUtu    ifH«a 


[rm.w. 


Bi>thi])Biics«  aud  the  various  tisfluoa.    It  la  uol  identical  with 
azino.  as  was  supposed.] 


NITROGENOrS  METABOLTTKS- 
The  Urca  GKOin>.  AjirDES,  and  Similar  Boiu 


Urea-    (NH.j.fX). 

The  chief  cotiaiiiuent  of  normal  urine  in  mamnmlia  and 
the  urine  of  birds  also  contains  a  fnmll  miiount.      NomiaJ 
lymph,  and  the  liver,  all  contain  the  same  Un\y  in  traces.    It  U 
uiiiflcles  as  a  normal  ouiutituentf  but  may  make  it8  appcanme* 
pathological  conditioo». 
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The  crystals  may  be  heiitetl  to  120°  C-  without  bein>i  <Jticompoaed;  at  a  higher  tem- 
perature they  are  first  liquetiod  and  then  det^omposc,  leaving  no  residue.  Heated 
with  strong  aoida  or  alkalien,  decumpuaiiion  onsuea.  the  fioal  |>roducu  beiug  car- 
bonic anhydride  and  ammonia.  The  same  deoompo^iition  may  also  occur  as  ihc 
reHult  uf  tlic  action  of  a  specific  ferment  on  urea  in  an  uqueou»  »olutiuu.'  Nitrous 
acid  at  uiice  decompotfcs  it  into  carl>onir  anhydride  and  free  nitrogen.  It  readily 
forms  compounds  with  acids  and  bascH ;  of  thet^e  ibe  following  are  of  importance : 

Nitrate  of  urea.    (XHsl,(  O.UNi  v 
OrystaUiztis  in  six-uided  or  rlutmhio  tablets  IKiK*^^ 
nitric  acid,  solable  in  water,  slightly  soluble  in  aluobol. 


Insolublo  in  ether  and 


I  Fig. 


CarvTAU  OF  Nitratb  op  Ukba.    (KiiDxiMBiRa  after  KChkk.}] 

Oxalate  of  urea.     [(NH,),CX3],  II^C^  -f-  H,0. 

DAen  cr>*stailizea  in  long  thin  prisms  [Fi^.  2'J7].  but  under  the  microscope  is 
obtained  in  a  form  closely  resembling  the  niirate  ;  it  ia  slightly  soluble  in  water^ 
less  so  in  alcohol. 

[Pio.  2ffr. 


CarvTA-LS  OP  Oxalate  or  Ubba.    (KauKS^iBKito  after  KObkb.)] 

With  menniric  nitrate  area  yields  three  salts,  containing,  respectively,  four, 
three,  and  two  equivalents  of  meruurio  oxide  to  one  of  urea.    The  lirBt  is  the  pre* 

>  Mtwonloi,  Pflilger'ii  Arcbiv,  Bd.  xU.  (187«t.  8. 214.    Jaluch.  ZellMh.  f.  pbjnlol.  Chem..  Bd.  v.  (Ifttl  •. 
8.106. 
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oipit&te  formed  in  Lieblg's  quantitative  determinution  of  urea,  aod  may  be 
dented  by  the  farmula;    2N,H4CO.  Hg(NO0i3HgO.    The  exact  constitution 
these  salts  has  not  yet  been  det(^riiiined. 

Freparatitin.  Auiuimiie  ^iulphal«  and  potasttic  cyauate  are  uized  (OKether  ia 
aqueous  solution,  and  the  mixture  its  evaporaCt.'id  to  dryness.  The  residue,  when 
extracted  with  absolute  alcohol,  yields  urea.  From  urine,  either  by  evaporating: 
to  drynes!^.  having  previously  precipitated  the  urine  with  nonual  and  basic  lend 
acetate  in  succession  and  removed  the  lend  by  sulphuretted  hydrogen,  and  then 
extraotinfc  with  aleohol ;  or  concentrating  only  to  i\  syrup,  and  then  forminj 
nitrate  of  urea ;  this  is  washed  with  pnre  nitrio  acid  and  decomposed  with 
carbonate. 


%  tjia 


Detection  in  solutions.  In  addition  to  the  microscopic  appearance  of 
cryntals  obtained  on  evaporation,  the  nitrate  and  oxalate  should  be  formed  and 
examined.  Another  part  shDuld  give  a  [trecipilate  with  mercuric  nitrate,  in  the 
absence  of  sodie  chloride,  but  not  in  the  presence  of  this  last  salt  in  excess.  A 
third  portion  Is  treated  with  nitric  acid  containing  nitrous  fumes;  if  tire&  is 
present,  nitrogen  and  carbonic  auliydrtde  will  be  obtained.  To  a  fourth  part 
nitric  acid  in  excess  and  u  little  mercury'  E^re  added,  and  the  mixture  ifi  wanued. 
In  pre.'wiice  of  urea  a  oihr/^m  mixture  of  gases  (N  and  CO,)  is  given  off.  A  6fth 
portion  is  kept  melted  fur  some  time,  dissolved  in  water,  and  cupric  sulphate  and 
caustic  soda  arc  added  ;  a  red  or  violet  color,  due  to  biuret,  is  developed.  m 


Quantitative  determination.  For  this  some  special  manual  must  bt^  con- 
sulted.' It  will  .Hufhco  h(Te  to  point  out  that  the  determination  is  made  either 
with  a  solntion  of  mercuric  nitrate  of  known  strength  (Liebig);  by  decomposing 
the  urea  by  means  of  sodic  hypobromite  into  nitrogen,  earbonic  anhydride,  and 
water,  and  measuring  the  nitrogen  (Knop)  [N^HjCO  +  3NaBrO  =  3NaBr  4- 
-I-  2H3O  -f  Nj],  or  by  heating  the  urea  with  caustic  bar>'ta  in  a  sealed  tube, 
urea  being  determined  by  the  weight  of  baric  carbonate  formed  (BunseD). 

Urea  is  generally  considered  to  be  an  amide  of  carbonic  acid.  1.  f>.,  carbat 
The  amide  of  an  acid  is  formed  when  water  is  removed  from  the  ammonium 
of  the  acid ;  if  the  acid  be  dibasic  and  two  molecules  of  water  be  removed, 
result  is  olkcn  spoken  of  as  n  diamide.  Thus  if  from  ummunic  carbonate  (N! 
COx,  two  niolocules  of  water,  SH.O,  be  removed,  carboniu  acid  being  a  dil 
acid,  the  result  is  urea  ;  thus: 

(NnjjO^,  —  2H/)  =  (NHa),CX), 

which  may  be  written  either  according  to  the  ammonia  type  as 


II J 


or  as 


two  atoms  of  amidogen  (NH.)   being  sabstitutod  for  two  atoms  of  hydi 
(HO), 

This  connection  between  carbonic  acid  and  urea  is  shown  by  the  fact 
ammonic  carbonate  may  be  formed  out  of  urea  by  hydration,  as  when  urea  if 
subjected  to  the  specific  ferment  mentioned  above.  Regarded,  then.  »s  a  diumid«! 
of  cariKinic  acid,  urea  may  be  spoken  of  as  carbamide.  But  the  theoretical  dtri- 
vation  of  urea  from  ammonic  carbonate  by  dehydration  winnot  be  realised  W 
practice,  whereas  urea  can  readily  be  formed  from  ammonic  carbamate,  and 
Kolbe  is  inclined  to  regard  it,  not-  as  the  diamide  of  carbonic  acid,  but  as  the 
amide  of  curbamic  acid.  Ammonium  carbamalc,  COjN.H«  minii*  H3O,  gives 
urea.  CO.  N,,  II, — which,  if  carbamic  acid  be  written  as  OO,  Oil,  NH.,  may  be 
written  as  CO.  Nil..  Nil..,  onf  atom  of  amidouen  being  substituted  for  one  atom 
of  hydroxyl,  and  not  two,  as  when  the  substance  is  regarded  iis  derived  from  car- 
bonic acid.  DrcchHel's  experiments  indicate  a  ready  derivation  of  urea  fVom 
ammonic  carl>amate.  He  has  obtained  urea  by  the  clectrol>'sis  of  a  solution  of 
this  salt  with  rapidly  alternating  currents,  thus  removing  the  elemcott 


Xaubaaw  and  VogeU  Analyse  des  Harm,  vlll.  Aufl.,  1581,  S.  204. 
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from  the  curbamate  by  such  alicmfttin^  processes  of  oxidation  and  reduction  as 
luay  be  supposed  to  take  place  in  the  t)udy.  The  reaction  ia  expressed  as  fol- 
lows : 

1.     NH.COO.NH<-f-0  =  NHa.COONH,  +  HA 
I  2.    XH,.CX).OXH,  +  H,  =  NHrCO.NlI,  +  H,0. 

Wanklyn'  and  GauiKce,'  however,  since  urea,  when  heated  with  a  large  ezoesa 
of  ftotassic  permanganate,  gives  off  all  its  nitrogen  in  a  free  st^te,  and  not  in  the 
oxidi7.ed  form  of  nkrlc  acid,  as  do  all  other  amidefl.  conclude  that  it  is  not  an 
amide  at  all,  that  it  ih  Lsomerio  only  find  not  identical  with  carbamide. 

It  iH  important  to  remeintter  thut  tirua  in  alsu  iriomuric  with  amnionic  cyanato. 


rN 


and  indeed  was  fiiwL  formed  urtificiitliy  by  Wohler  (1S28)  from  this 


b*>dy.  Wc  thus  have  three  isomeric  compounds,  an*niunium  eyanate.  urea,  and 
carbamide,  related  t4»  each  other  in  Htich  a  way  that  urea  may  bo  obtained  readily 
either  from  ammonium  cyanate  or  fVfmi  aminonic  carbamate*  and  may  with  the 
j?reateiit  ease  be  converted  into  ammonic  carbonate.'  Now  urea  ik  a  much  mure 
stable  body  than  ammonic  cyanate,  ami  in  the  transformation  of  the  latter  into 
the  former  enerjiy  U  set  tree  ;  and  it  is  worthy  of  notice  tliitt,  lhuui(h  the  presence 
of  sal pbocyan ides  in  the  .saliva  probably  imlicales  the  exirttence  of  cyanic  residues 
in  the  body,  the  nitrogenous  products  of  the  dec'omt>a9ition  of  proteids  l>c)ong 
ciiiefly  to  the  clsfw  of  atuides,  cyanogen  c/>njponnds  lieins:  rare  among  them. 
Pfliiircr*  has  called  attention  to  tue  ^rcat  molecular  enerpy  of  the  cyanogen  ra»m- 
pouuds,  and  has  suggested  that  the  functional  metabolism  of  protoplasm  by  which 
energy  is  set  free  may  be  comi)ure<l  to  the  conversion  of  the  enerijetic  unstable 
4?yanogcn  compuunds  iuto  the  less  enercetic  and  more  f*table  ami'lcs-  In  other 
words,  ammonium  cyanate  is  a  typo  of  tivin^.  and  urea  of  dead  nitrogen,  and  the 
conversion  of  tlie  furmer  into  the  latter  is  an  image  of  the  essential  change  which 
lakes  place  when  a  living  protcid  dies. 

Oompound  urea*.  Tttc  bydnsen  atonu  of  uroa  van  be  rcplAced  by  alcofaol  ttiid  ftci<l  mdicleiL  Tbe 
rsaJts  Krc  conttounfl  urcAS  or  uivldM  when  ttie  liylnHron  »  ivplaccU  by  an  aclit  radicle.  Ittanjr  ot 
them  arts  ualleil  urids,  sliice  tbe  hydmjcen  firom  Itiu  kiiilUL'  Rroup.  If  uuL  all  rviUaced  an  above.  Can  be 
replaced  bf  metal.    Thus,  the  futetltutloii  of  oxalyl  (oxalic  acidt  gives  parabanlc  acid. 

fro 
Ni-  II3  or  CO.  NH,,  N.Cy), : 

or  larironrl  (tartronfc  acid),  dlaliirlc  acid.  CO,  XBf.  N.C^HgOs;  of  mevixalT)  0 
alloxan.  CO.  NH..  N'.CiO..    Tbew  bodln  are  tnterestlug  as  belug  alao  obtained  hf  111* 

oxldaUoQ  ol  uric  actd.    (see  lielow.) 

Uric  acid.    C'sHjX.Oa. 

The  chief  constitaent  of  the  urine  in  birfls  and  reptiles;  it  occurs  only  spar- 
ingly in  this  excretion  in  man  and  most  mammalia.  It  is  normally  present  in  the 
spleen,  and  traces  of  it  have  been  found  in  the  luncs,  mu.sclea  of  the  heart,  pan- 
creas, brain,  and  liver.  rrinar>*  and  renal  calculi  often  consist  largely  of  this 
body  or  its  salts.  In  pout,  accumulations  of  uric  acid  salts  may  occur  in  various 
part^  of  the  body,  forming  the  sn-wiltcd  gouty  concretions. 

It  is  when  pure  a  colorless,  crystalline  powder,  tasteless,  and  without  otlor.  The 
crystalline  form  is  vcr>'  variable,  but  usually  tends  towanl  that  of  rhombic  tables* 
When  impure  it  crystallizes  readily,  but  then  possesses  a  yellowish  or  brownish 
color.  In  water  it  is  vers*  insoluble  (I  in  14,(H)0  or  lo,(H)0  of  cold  water);  ether 
ami  alcohol  do  not  dissolve  it  appreciably.  On  the  other  hand,  sulphuric  acid 
takes  it  up  without  decomposition,  nnd  it  is  also  readily  soluble  in  many  saltjit  of 
(he  alkalies,  as  in  the  alkalies  themselves,    .\mmonia.  however,  scjirDcly  dissolve^  it. 

'  Arch,  f  PhyM.'l..  1«H).  S.  .V*. 

•  Joum.  I  hum.  S<>r.,  'J,  vol.  vl.  p  2.*>. 

*  The  fnUovttn^  litfrnture  Ik  Interesting  In  oonnectlnn  wUb  tbe qnestfon  of  the rvanir  f>r  amide 
Atiglii  of  urea— OtL-rbBol :  Bcr.  d.  k.  «.  Ueaell.  d.  WIm  .  I,clpd«.  Slot,  r   ■    "   "  ""      '     '    '  '■" 

IWU.  >".  W).    V.  KnfcTlcni  ;  Zl.  f.  Blul..  Hd.  x.(isr4).s.  2iW.    SlniilirZt    1 

S  'J!'.     E.  .^lKow>.kl :  iVninilbl.  (.  rl.  mc<\.  WIw,,  IHT:.,  N*i.  .">«  ;  IWr.  .1  ,  , 

3.  Ilfl.     Z«"ft*rh.  r  ;.h.v^i>l    ("hem,.  »d.  1.  (lS77t.  9o.  1   u.  Mi  ;  Bd,  iv.  il-'^'vii,  ^n    ..»  n.  mv       *<Mmtt-lt.- 

tftfrs:  Arch.  f.  ixi-.  I'nlhol  ,  Bfl.  vllt.  flR77).  8.  I. 

•  I-OUITLT  «  Archlv.  M.  X.  (IS7.^).  S.  3»7. 

*  H<M  L'ltxiiiaiiii  iinJ  K  .  H.  Hof^nann,  .Vtlaa  dor  Uamwdlmoiito,  Wlvn,  1S7U. 
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Salts  of  uric  acid-  Of  tlicee  the  most  important  arc  the  aeitl  urates  ofnodii 
nutai*iimi,  and  auiiuonium.  The  tii>diuiu  salt  cof^tallixes  in  many  different  fV> 
[Fij«.  :i'.*S].  thew)  not  being  oharact eristic,  since  they  iir«  almost  the  same  tor 
correspondinff  compounds  of  the  other  two  bases.  It  is  very  insoUible  in  cold  wi 
(I  in  1  urn  or  1200).  more  soluble  in  hot  (1  in  Ilio).  It  is  the  r»rincipal  constiti 
of  several  fonu!*  of  urinary  wtlinient,  and  compofies  a  large  part  of  many  cnloi 
the  excrement  of  snakes  eontaiu^  it  Inr^^ely.  The  notaaaium  resembles  the  rM>di 
8alt  ver>-  closely,  aa  uIko  does  (he  eumjuiund  witn  ammonium;  the  lAU«r 
generally  in  ihe  sediment  fruui  alkaline  urine.     [Fig-  29\).] 


[Fl<3.  298. 


[Fin.  2W. 


Fia.  39f!.— I'RjkTE  or  9oi>A.    aa^  ftom  a  gonly  ooncretton;  hb,  arttAeially  propAred  by  KddioK  tUi 
■odit-  to  the  atnorpboiM  unte  deposit.] 

Fio.  299.— The  Normal  DKPosrr  vhon  Ammohiacal  URiifR,  SHOwmo  CKVxTALft  or  AxHom^ 
MAOxniAM  PiiosruATK.  AMonriioL*!>  FiioseuATE  or  Ume.  amo  Spiuuibb  or  Uratz  ov  amuom 


I 

a  r 


Ptepamtion,  Usually  from  guano  or  snake's  excrement.  From  guano  by 
ing  with  caustio  potash  (1  part  alkali  to  2<l  of  water)  as  lon^^  aa  ammonia 
evolved.  In  the  filtrate  a  precipitate  of  acid  urate  of  potassium  is  formed  by 
passiug  a  current  of  carbonic  anhydride ;  thia  salt  is  then  washed,  dissolved  in  a 
caustic  potash,  and  deoompoeed  by  carefully  pouring  it:^  solution  into  an 
of  hydrochloric  acid. 

The  presence  of  uric  acid  is  recognised  by  the  following  tests :  TIic  subat 
having  been  examined  microscopically,  a  portion  is  evaporated  carefully  to  dry 
with  one  or  two  drops  of  nitric  acid.  The  residue  will,  if  uric  acid  is  present,  be 
a  red  wdor,  which  on  the  addition  of  ammonia  tuni?  to  purple.  This  is  the  mure 
test,  and  depends  on  the  presence  of  alloxan  and  alloxaiitin  in  the  residue.  Sc-h 
has  given  a  delicate  reaction  for  uric  acid.  The  substance  is  dissolved  in 
carbonate  and  dropjicfi  on  paper  moistened  with  a  silver  salt.  If  uric  acid 
present  a  brown  slain  is  formed,  due  to  the  reduction  of  the  carbonate  of  sil 
An  alkaline  solution  of  uric  ncid  can,  like  dextrose,  reduce  oupric  sulphate,  wii 
precipitation  of  tlie  cuprous  oxide. 

Uric  acid  resist.s  very  largely  the  action  of  even  strong  acids  and  alkalies 
hibiting  in  this  respect  a  marked  ditference  from  urea.  It  might  therefore  perhaps 
supposed  that  urea  ret^idues  do  not  preexist  in  uric  acid  ;  nevertheless  by  oxtdui' 
unc  acid  does  give  rise  not  only  to  ordinitr>'  urou,  but  also,  and  at  the  ^me  time, 
the  compound  ureas  (ureides)  spoken  of  above.  Thus,  by  oxidation  with  acidi}. 
I'rlc  M!ld.  AlloxHn.  Urea, 

CiH.N.O,  +  U,0  -f  O  =  C,N,IIA  +  CN^.O. 

Now  alloxan,  as  wait  stated  above,  is  a  compound  urea,  vie.,  mosoxalyl-u 
by  hydration  can  be  converted  into  mesoxalic  acid  and  urea,  thus: 


»  Ann.  d.  Cheni.  u.  Pharm.,  M.  cU.  S.  65. 
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AlloxAU.  HeaoxAlic.        Urea. 

C^N,H5,<  »^  -f-  21!,0  =  C,n,Oj  -f  CN,n,0 ; 

and  by  the  aciion  of  oh)t>rine  uric  acid  can  be  split  up  directly  into  a  molecule  of 
metioxahc  acid  and  iwt>  luolecules  of  urea : 

Trie  add.  Meuxatlc  add.       rrea. 

C,n»N\(\  +  a,  +  411,0  =  CjHaOs  +  2CN,H,OC  +  2Hn. 

By  oxidation  with  alkalies,  uric  acid  is  converted  into  allantoia  and  carbonic 
acid, 

Uric  acid.  AllantoJn. 

cy  i.N\o,  +  n.o  +  o = c,h,n  a + oo, ; 

and  allantoin.  by  hydration,  become.^  allanturic  orlantanuric  acid  and  uren, 

AltantoiD.  Urea.       AllAntarlc  acltl. 

C JlflNjOj  -f  HjO  =  CH^NjO  -f  C,1I,N,0. 

Now  allanturic  acid  is  a  compound  urea,  with  a  retjidue  or  alyoxylic  acid.  By 
other  oxidations  of  uric  acid,  parabanic  acid  (oxalyl-urea),  oialuric  acid  (which  is 
hydruted  parabanic  acid),  and  dialuric  acid  (tartronyl-urea)  are  obtained.  In  fact, 
all  these  decompositions  nf  a  molecule  of  uric  acid  lead  to  the  pntduction  of  urea 
and  of  a  carbon  acid  of  ^luie  kitid  or  other.  The  relation  of  uric  acid  to  urea,  as 
illustrated  by  the  ab(^v'c  rcacttims,  is  brau^^ht  verj'  prominently  into  view  by  the 
synthesis  of  uric  acid  which  has  recently  bt-eii  performed.'  It  is  obtained  by  simply 
fuainfc  together  gtycocino  lainido*ui.'eliciLciil)aiid  urea  at  a  temperature  of  2<Xl-2.'M>°C 
The  converse  formation  of  iiclycocine  fiom  uric  acid  with  the  simultaneous  produc- 
tion of  ammonia  and  carbonic*  anhydrlrJt>  bius  been  known  for  some  time.  Since  in 
ihift  latter  reaction  the  ammonia  and  rarlMinic  anhydride  are  Ju  the  proportions  in 
which  tliey  would  be  nbtatned  from  cyanic  or  cyanuric  acid,  uric  acid  has  i*ven 
regarded  as  built  up  from  residues  of  cyunuric  acid  and  glyciu,  juftt  a.s  hippuric  acid 
is  formed  from  plyein  and  benzoic  aeiil.  It  was  alna  at  one  time  supposed  that  uric 
acid  might  be  regarded  as  tartronyl  cyanamide. 


WIA 


V  1*3 


I  If  the  existence  of  some  cyanogen  residue  is  thus  aiisuuied  in  the  molecule  of 

I  nnc  acid,  then  it  must  be  supput^ed  that  before  urea  can  be  obtamed  from  it  a 

I  molecular  change  taken  place  by  which  a  portion  at  least  of  the  nitrogen  of  the  uric 

I         acid  is  converted  into  the  t^ame  condition  &»  the  rest  of  the  nitrogen,  viz..  into  the 
I         amide  »«tate. 

I  If  this  be  so,  since  the  melnfmliHm  of  tb*^  animals  in  which  uric  acid  replaces 

^^^  urea  cannot  be  supposed  to  be  fundamentally  different  frniii  that  of  the  urea  pro- 
^^bdacing  animals,  we  may  infer  thai  the  antecedent  of  both  uriL'  aeid  and  urea  in  the 
^^Vmnesaive  metabolism  of  proteids  is,  as  we  suggested  above,  a  body  containing  some 
at  least  of  its  nitrogen  in  the  form  of  cyanogen.' 

Kreatln.    CJ!,N,Oj- 

Occurs  as  a  constant  constituent  of  the  juices  of  muscles  though  poasibly  it 
may  be  formed  during  the  process  of  extraction  by  the  hydration  of  kreatinin. 
Kreatin  is  not  a  normal  constituent  of  urine,  but  it  is  said  to  occur  in  traces  in 
several  fluids  of  the  body.  When  found  in  urine  its  pre-^ence  is  probably  duo  to 
the  conversion  of  kreatinin.  a  constant  constituent  of  urine,  into  kreatin  during 
its  extraction,  since  Dcssaignes'  has  shown  that  the  more  rapidly  the  separation  is 
effected,  the  le^s  is  the  i|uantity  of  kreatin  obtained,  and  the  greater  the  amount  of 
kreatinin. 

In  the  anhydrous  form  it  is  white  and  opaque,  but  crjrstallites  with  one  molecule 
of  water  in  colorlesjs,  transparent  rhombic  prisms  [Fiji-  300,  a].    It  possesses  n  some- 

)  Uorhacaewckt  :  H^r.  d.  DeutMli.  Cboin.  Cf«eII..  Jahnr.  Itm,  8.  261H. 

>  See  V.  Kniericin.  ^etisch.  f.  Blol..  Bd.  atll.  {18T7).  8.  M.    BchiMor.  ftltKh.  t  pbyilol.  Chcni..  Bd. 

•  Jahrit  I'Uunii   i.Hi,  Rd   xxkII.  S.  41 
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what  bitter  tantc,  \s  soluble  in  cold,  extreaiely  rotable  in  hut  wat«r.  u  leaei 
HbiH)li]te  thuu  ID  dilute  alcoliol,  and  is  ^oluble  in  ether* 

It  is  a  ver>'  weak  ba<»e,  8can?ely  Dculralizing  the  wcflke^t  atcidft.     ft  f(i 
line  compounds  with  aulphuric,  hydrochloric,  and  nitric  ncidit. 

IFid.  aoo. 


rirmAUMr  Kkil\tin  avu  KfiKATtitty. 
a,  erjraUilJi  of  k  rtmtln  {  6.  cryttkls  of  krcAtlnln ;  «,  eijitftli  of  ohlorldt  ot  iteL-  and  kr 

Prtpnratton.     Fn)m  extract  of  tatiKlc  by  f>ne(!lpilatii. 
acetate,  and  rrj'stallizin^  out  the  kreatin.  niixLMl  will.  t^^ 

it  iff  Heparated  by  the  formation  of  the  zinc-halt  of  ItrraiiniTi.  hmim  ni 
yielding  a  niniilar  i^'oui pound. 

Kmtio  UMf  be  conrortod  tDto  kraiUnln  under  tbe  Intlticncc  of  ftckte,  ths 
one  of  ilmplu  dchyilratloti. 

Kreatin  may  be  decumpuaed  into  sareosin  (mcthyl-Ktyein)  and  urea  .* 

it  may  be  formed  t«yutiioticaUy'  by  the  action  uf  vareosin  and  cy«iiatnidc 

SarcoHin  ih  f^lyrin  in  which  one  atom  of  hydrogen  haa  been  rvplaeed  hf  iht 
radicle  uiutliyl,  thus : 

like  gb'oin,  aatxsoein  haa  nut  been  found  in  free  state  in  the  luidy. 
Kreatinin.    C,!  I,  X,0. 

'nris,  which  in  simply  a  dehydrated  form  of  kreatin,  oeeiin  nonsftllr  a»  «  i 
constituent  of  urini*  and  of  muHclc*  rxtract.     It  rry»tjUicca  ki  rrlnili 
prianis  [Kiff.  .iut).  6],  pu^^wtiuK  a  strung;  alkaline*  la»l«  and  rMtfCkm,     Uii 
sohible  in  i*old  water  (I  in  ll.'i),  alho  in  alcohol,  bur  is  scarcely  aolol^B  iat 
aoiA  a}4  a  powerful  bnsc,  forming  with  acidf)  and  nalu  ooropowidi  whU 
well.      Of  these  the  most   iuipurtunt  is  the  i^alt  with  xino   rUloridc  M*| 
/nCl|.     It  i«  formed  when  a  concentrated  wilntinn  ff  tbn  rhlMfi  ir  u  adiJ 
too  dilute  nolution  of  kreatinin-    Since  ihe  r<  •oluU* 

it  in  bettor  to  u«e  akoholic  rather  than  tu{\\y  i  .^««|fifn1 

lumi>«  nmtposed  of  aMrepaled  mosars  of  prtMn..  i.r  tiu.  ^" 

rrrjtt  I  ration.     Kilhcr  by  the  action  of  ncida  on  kreu 
eonc<-ntratinf;  and  precipitating  with  lead  acetate;  in  (he  imniu'  Tn»tsi  iitia 

aiuuuK"txrr  d.  biijcrtKli.  Akad..  |ftM.  ll«n  X  fl  CH. 
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precipitate  is  caused  by  the  addition  of  mereuric  <hloride.  and  consists  of  a  com- 
pound of  this  8flit  with  krealiniu.  The  mercury  ia  removed  by  sulphuretted  hydro- 
S5D,  and  the  kreatin  puritied  by  the  foriiuition  of  the  zinc  salt  and  washing  with 
cohol. 

Kre»tinlu-nnr  chloride  nmy  be  convertAd  into  kreadn,  by  the  action  of  hydmted  ozldeoriud  on 
ita  bolUng  a<tueoiis  solution, 

Allantoin.    ("JIbN.O^ 

The  eharacteribtic  coustituptii  tti"  the  iiUnntoic  fluid  of  the  fo&tus ;  it  occurs  also  tu 
the  urine  of  ariiaials  for  a  s-hurt  period  after  their  birth.  Traces  of  it  are  sometimes 
detcottd  in  this  excretion  at  a  later  date. 

It  myslallixes  in  small,  shiaiog.  colorless  prisms  [Fig.  301],  which  are  tasteless 


no.  Ml.— TaVSTALB  FBOM  COKCE»T1IATKD  UfttHK  Or  CALr,  BKOWINO  IN  CCPtTM  A  LaBOK  BUSm X 

or  PmsHP  OF  Au^KTonr.    (After  KIThnk.)! 
FJo.  3iK.— Hypoxastiiik-wilvkk-witrate.  C(H,N(O.AgNO|.    (KavKEyBKRo  after  KOhkb,)] 

and  odorlesH.  They  iire  soluble  in  l<*tiJ  pans  of  fiiSd,  more  soluble  in  hot  water, 
insoluble  in  cold  atooliol  and  ether.  »oluble  iti  huL  abobol.  Carbonates  of  the  alka- 
lies dit«olvc  (hem,  and  compounds  may  be  formed  of  allantoin  with  metals  but  not 
with  acids. 

Allantoin,  a.s  alrearly  stated,  p.  1053,  is  one  of  the  products  of  the  oxidation  of 
nric  acid,  and  by  Curtlier  oxidation  ^ives  rise  to  urea. 

Freparntioii.  This  is  best  carrieaout  by  the  careful  oxidation  of  uric  acid,  cither 
by  means  of  potawjio  pemiaugaiiate  or  ferrocyanid«,  or  by  plumbic  oxide. 

Bypoxanthin  or  Sarkln.    C^H^N/). 

Is  a  normal  constituent  of  muscles,  occurring  also  in  the  spleen,  liver,  and  medulla 
of  bones.     lu  leukiemia  it  appean<  in  the  blood  and  urine.    It  crystallises  in  fine 

[Tui.  Sin. 


I 

I 


I 


HVWXANTITm.NmtATr..  (^BUjN^O.HJJOa.     (KTHNE.)] 

needles  which  arc  soluble  in  300  parts  of  cold,  more  soluble  in  hot  water,  insoluble 
in  alcohol,  soluble  in  acids  and  alkalies.     It  forms  orystalline  compounds  with  acida 


J 
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and  bases  [F'lf^g.  302,  303,  304].    It  is  precipiuted  by  basic  acetate  ofleail,  tne  T>r» 
cipitate  being  soluble  in  a  solutioD  of  the  normal  acetate.     Its  preparation  nxm 

[Ho,  304. 


HVPOXANTHIX*HVI»R(H-ni^>RICE,  CfniN^O.UCI        (KPllXK.)] 


^^ 


XAirriflK  HYIiROi.HLORlbE:.  CsHfNiOs.HCi. 


Xaktbin  i4rrt:ATE.Ctil4N«(>t-B>'^) 

(KCHXIdl 


muscle-extract  depends  on  its  precipitation  first  bv  Viasic  acetate  of  lead,  and 
by  an  aramoniacal  solution  of  mlvcr  nitrate  afler  the  removal  of  kreatia. 

Botb  bypoxautbln  and  the  uext  body,  xanibin,  can  also  be  obtAltiiKl  from  prot«l<lB  by  ihe 
of  pulreMi'Uvc  fbaiisv^,  of  wmter  al  boilftiK  tempontctiiv,  of  ditiile  hydnx'bluric  add  (0.2  per 
Mt  40°  ( '  ,  ami  by  the  notion  of  ^lutrti^  nnrl  jiAncrcAtlc  rermcnti>.>  Chiitenilcii  hiu  nutJc«d  ft  pe 
difTcroiu'ti  tM.>t»'ecn  tibriii  utiil  cof-RUxiinlu  when  stibinttted  u>  the  tibovt'  proo&^MSi ;  be  finds  th 
latter  does  not  yield  bypoxanihin  wbuu  treated  with  b.>llliig  water,  with  dilute  bydrocblorle 
or  KBittrlL  furrnvnt.  wblle  cbe  former  doe*.  EgK-albumiii  nu  the  olber  liaod  vlelds  brposui 
llie  action  of  panoreatlo  ferment  In  ftlltallne  solution,  but  not  ho  rendiljr  astiDriii  does. 

Xanthln.    r^H^N,**,. 

First  discovered  in  a  urinar)'  calculus,  and  called  xanthic  oxide-    More  recei 
it  has  been  found  an  a  nominl,  ihouffh  scatity.  constituent  of  urine,  muscles, 
several  organs,  such  as  the  liver,  spleen.  thyniuA,  eic. 

I  Flo.  SOi. 


CaTSTAtA  OP  XAirrniK  gn.vi:R-:trtiUTB,  CeHiNiOs.AgNO,     (KaoKSirBKitQ  aHer  KCiikki) 

AVhen  precipitated  by  coohn^  from  its  hot,  saluiaied.  ai|ueous  eolutioo  ii 
in  white  nooks,  but  if  the  solution  bo  allowed  to  precipitate  slowly  it  is  abiain< 

)  Salnmofi.  ZeltMbr.  f.  pfayslol.  rbcm..  IM.  it,  (l«7s-i$79K  S.  U>.  Kmaie.  Inatig.  DIml,  Bcrlio. 
CblttCDdcii,  Jouni.  of  I'byslol..  to).  II.  i  IBTH).  j*.  'A.  Sec  ulso  Orcchse),  Bcr.  d.  detitiMdi.  cbcxo.  Od 
Jahrv.  xlli.  (1W<U),8.240.   Salomon,  Ibld..8.  llOu,    Koiael,  /^ttAeh.  f.  phyRlol.riieta..  Bd.  T.  rtflai! 

152  u.  W7. 
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smftll  scales.  When  nure  it  is  a  colorleas  powdor,  very  insoluble  In  water,  requir- 
ing 15<^K)  timed  its  bulk  for  t«uluiioa  at  100  0.  Inttuluble  iu  ^lc^>)lol  and  ether,  it 
readily  dissolves  in  dilute  aoida  aDd  alkatiee>  furmiug  co'staHi^uble  compounds. 
[Fijrs.  305.  306,  307-] 

Hypoxanthin  by  oxidation  becomes  xanthin.  Both  these  bodies,  as  welt  as  the 
following,  gufttiin  and  carnin.  are  evidently  closely  allied  to  uric  acid;  indeed,  uno 
acid  by  the  action  orsodium-aiualgiiin  may  be  converted  into  a  mixture  of  xanthin 
and  hypoxanthin. 

I^rejtnrniinti.  It  lei  obialned  from  urine  and  the  aitueous  extrat:t  of  muscle  by  a 
process  similar  to  that  for  hyp4.rxiintbin,  and  is  then  separated  from  the  tatter  by 
the  action  of  dilute  hydrochloric  ueid  ;  this  neparation  dcTiendn  on  the  different 
solubilities  of  the  hydrochlorides  o^  the  two  bodies.  For  further  information  see 
Neubauer  and  Vogel.^ 

Oaroin.    C^II.N^U,. 

Discovered  by  Weidel '  in  extract  of  meat,  of  which  it  constitutes  about  one  per 
cent. 

It  crj'j'tAlUzea  in  white  masses  composed  of  very  small,  irrej^ular  er>>tala;  it  is 
soluble  with  difficulty  in  cold,  more  easily  soluble  in  hot  water,  Insoluble  iu  alcohol 
and  ether.  Its  aqueous  uolmiun  is  not  precipitated  by  normal  lead  acetate,  but  is 
by  the  basic  acetate  of  tbia  metal.  It  unites  with  acids  and  salts  forming  crystal* 
Hoe  compounds. 

Preparation.  Ta  found  to  the  precipitate  caused  in  extract  of  meat  by  basic 
acetate  of  lead.' 

Tbla  body  pofeeMw  «q  intervflUna  relation  to  tiy|ioxiuithlu,  inio  which  il  may  ba  oonverted  by  tho 
action  ettber  of  nllric  kcIO  or,  atlll  iwttei.  of  bromine. 


Guanln.    OiH^N^O. 

First  obtained  from  guano,  bat  recently  obser^'ed  as  ocourring  in  small  quantities 
in  the  pancreas,  liver,  and  muscle  extract. 


[Fw.  we. 


|Pio.  aoo. 


OVAKTU  HvnitocaLoaiuc.    CtH^^O.HCl 

(Afl«r  KCHNB.) 


(After  KOifKE.) 


iSH«a 


It  is  a  white  amorphous  powder,  insoluble  in  water,  alcohol,  ether,  and  aminonia. 
It  unites  with  acids,  alkalies,  and  salts  lo  form  cry^taltiKablc  compounds.  [Fi^s. 
30S.  ;jo<.».] 

l\eparntion.  From  guano  by  boiling  snooessively  with  milk  of  lime  and  caustic 
soda,  pret^ipitating  with  noetic  acid,  anu  purifying  by  solution  in  hydrochloric  acid 
and  precipitation  liy  ammonia. 


<  Ham-AoalyM,  Ed.  rtli.  (ISSl),  8.  20.    Alau  tb«  literature  quoted  aboTe  on  hvpoxantbtn. 
t  Aon.  d  Gbem.  a.  PbArm.,  Bd.  clrllt  a  aa&.  >  See  Wefdel,  op.  cit. 
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Guanin  may.  by  the  action  of  uitroiis  auid,  be  coDveried  into  xanthin.  By  oxi 
datioii  it  cau  be  made  to  yield  prinoipally  guanidiue  and  panibanic  acid,  aocont- 
panicd,  however,  by  small  quantities  of  urea,  xanthin,  and  oxalic  acid.  Caprar'" 
nas  given  several  reactions  characteristic  of  tliift  body.* 

Its  separation  from  hypoxanthin  and  xanthin  depends  on  its  infiolubility  in  wi 
and  behavior  with  hydrochloric  acid. 

Kynurenio  acid.    C„U„N,0,  +  2n,0. 

Found  in  the  urine  of  dogs,  and  first  dcBcribed  by  Liehig.'  When  pure  it 
tulLi^ces  in  brilliaiU  white  rjcedles,  inBolublu  in  vM.  buluhle  in  hot  alcohol. 
only  salt  of  tiiin  body  which  crystallizes  well  is  (hat  formed  with  barium, 
preparation  and  other  particulars  fcce  Liebig,'  SchuUzen^  and  Schmiedeberg.* 

Olyoln.    CaH,CXU,)0(OH).    Also  called  Glycocoll  and  Glyoodne, 

Does  not  occur  in  a  free  state  in  the  human  body,  but  enters  into  the  conipostl 
of  many  important  substances,  e,  g.,  hippui'ic  ana  bile  acids.     It  crystallizes 
large,  colorless,  hard  rhonibohedm,  which  ure  eni^ily  soluble  in  water,  insoluble  is 
cold,  slightly  Miluble  in  hot  alcohol,  insohihlc  in  ether.    It  potwcsscsan  acid  react] 
but  a  sweet  taste.     It  has  also  the  property  of  uniting  with  both  acids  and  be 
to  furiu  crystal  I  izahlc  compoiindH.     In  this  it  exhibits  its  amide  nature,  and  t| 
it  is  an  amide  is  rendered  evident  froui  the  methods  of  its  synthetic  prepamtii 
thus   tuono-chloracettc   acid   and   ammonia   frivc   clycin   and   ammoniu   chl 
C,KaC1.0,-h  2NII,==C,e,(NH,)OtOU) -r  Nll/n'.      It   is   amido-aoe'" 
lieated  with  caustic  bar>'ta  it  vields  ammonia  and  methylamine.  ^ 

Freparntion.  From  plutin  by  the  action  of  acids  or  alkalies;  from  hippnnn 
by  decomposiu^  it  with  hydrochtorlc  acid  at  a  boiling  temperature  and  r^moi 
by  preeipittuion  the  simultanuously  formed  benzoic  acid. 

Taurin.    (.JKNOyS. 

In  addition  to  entering  into  the  compositiun  of  taurocholic  acid  (see  p.  V 
taurin  is  found  in  traces  in  the  juices  of  muscle  and  in  the  lungs. 

It  crystallizes  in  colorless,  regular  six-sided  prisms  [Fig.  310];  these  are  rei 
soluble  in  wuier,  le.s}i  so   in  alcohol.    The  solutions  are  neutral.     It   i«  a 

(Fio.  310. 


€^M>. 


Taurin  CavflTAU.} 

stable  compound,  resisting  temperatures  of  Icf*;^  than  *1¥)^  C  ;  it  is  not  acted  on' 
dilute  alkalies  and  acids,  even  when  boiled  with  t.hcni.     It  is  not  precipitated 
metallic  salts. 

Taurin  is  auiido  iscthionic  acid  ;  and  may  be  synthetically  prepared  from  isei 
onic  (ethyl  sulphuric)  acid  by  the  actioi]  of  ammonia;  thus: 


^V/* }  SO.  4-  XH,  ==  ^>jjj }  S<^),  4-  H,0. 


1  Zcllsch.  f.  |»hyaiol.  Chem.,  IM.  Iv.  {IR80K  S.  "iin. 

-  Ann.  d.  riiera.  u.  Pbann.,  Bd.  Ixxxvi.  S.  I'Jfi,  iinrt  Bd.  cvUl.  B.  Abi. 

■  Up.  clt.  *  Ann.  d.  Cheiii.  u.  Pfaarm..  Bd.  clxlv.  &  t&&. 


lODT. 

Prtpa ration.  As  a  product  of  (lie  deeomposition  of  bile,  and  is  purified  by  the 
reiuovlDg  any  traces  uf  bile  acidti  hy  uiejiufl  uf  lead  acetate,  and  then  succeeaivoly 
crystallizing  frow  water. 

Leuoln.    ('oHjaNO^ 

la  one  of  ibe  principal  products  of  tbe  decompoiiitiou  of  nitrojeenous  matter, 
either  under  tbe  influence  of  puirefaction  or  of  strong  acids  and  alkalies.  It  occurs, 
however  normtillv  in  the  pancreas,  spleen,  thymus,  thyroid,  salivarj*  glands,  liver. 
etc.,  and  is  one  of  the  products  of  the  tr^'piic  (pancreatic)  digestion  of  proteids ; 
in  acute  atrophy  of  the  liver  it  is  prcseni  tn  the  urine  in  large  i|uantity  in  company 
with  tyrosin. 

As  u^uatIv  obtained  in  an  impure  form  it  crystallizes  in  rounded  luuips  [Fig.  31 1], 
which  are  ouen  collected  together  and  sometimes  exhibit  radiating striation.   Wheo 


LatKiM  CavFTAU.! 


pure,  it  forms  very  thin,  white,  glitterinEr. 

HI  hot  water,  less  m  in  cold  water  and  alcohol,  insoluble  in  ether- 


flat  cr>'std9. 


<». 


These  are  easily  soluble 
They  feel  oily 
to  the  touch,  and  are  without  smell  and  ta»te.     Acids  and  alkalies  dissoKe  them 
readily,  and  crystallizable  compounds  are  formed. 

rar«nilly  heated  to  I7(f°  t'.  li  Ntibllmm.  bill  at  a  higher  tnnperalnre  Iti  derriXDfioeed.  jielding 
amylamlD,  carbonic  anhydride,  and  ummnnta.  In  (ho  presence  of  putreljiDic  animal  mailer  It 
fipUiB  up  Into  ralerie  ncld  and  ammontA. 

Leucin  is  amido-caproic  acid,  and  may  he  represented  thus : 

Preparation.  From  horn  shavings  by  boiling  with  sulphuric  acid,  neutralising 
with  bar^'ta  and  separating  from  tyrosin  by  i>ucecssive  cr^'sttillizatiou.  8ee  also 
Kiiiine,'  who  prepare);  it  by  the  action  of  pancreatic  ferment  (trypain)  on  proteids. 

Scherer  has  given  the  following  test  for  leucin.  The  suspected  substance  is 
evaporated  carefully  to  dryness  with  nitric  acid ;  the  residue,  if  it  is  leucin,  will  be 
almost  transparent  and  turn  yellow  or  brown  on  the  addition  of  cauhtic  soda.  If 
this  be  again  very  curefull^'  concentrated  with  the  aikuti,  an  oily  drop  is  obtained. 
which  iH  quite  characteristic  of  this  fubstauce-  Leucin.  if  not  too  impure,  may  be 
easily  recognized  by  its  subliming  on  being  heated  ;  a  characteristic  color  of  amyl- 
amin  is  at  the  same  time  evolved. 


ABparag^ne.    (\l  (^X/  >,. 

Is  not  found  as  a  constituent  of  the  animal  body,  but  a|>pears  to  be  formed  by 
the  decomposition  of  proteids.  notably  during  the  germinative  changes  of  the 
proteids  in  leguminous  seeds.'  It  is  a  cr>-8talline  body,  and  when  boiled  with 
acids  or  alkalies  is  readily  converted  into  aspartic  acid. 

AspartiC  {or  aspararfinie)  aold.      C.FljNC,. 

TfaiM  acid  has  been  obtained  in  small  riuunlities  among  the  products  of  the  pan- 
creatie  digestion   of  fibrin'   and  vegetable  ^lutin,*  althongh  not  occurnng  as  ft 


'  Vlrchow*  Archlv.  B<I.  snxls.  B.  i:». 

■  [AtidulnliM'h   Ver>urliji  StaUonen,  tld.  xvlU.  1 

*  HadziejL'Wpkl  ii.  r?«)kuw9kl,  Bcr.  d.  deutwh.  ctwiu.  GescI 

•  V.  Kulerlem,  Zellacb.  f.  Biol..  Bd.  xi.  tIS7&),  &  luS. 
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constituent  of  any  animal  tissue  or  secretion.  It  Is,  on  the  other  hand,  Toui 
nonually  in  plants,  notably  in  boet-su^iir  iuolas»?«.  It  arises  aim  aa  a  oonstal 
product  of  i)ic  a4!tioTi  of  alkaHcs  and  uihcr  reagents  on  both  vegetable  and  animftl 
prot«ids,  and  of  acids  on  gelatin.'  It  tbua  pos^ei^es  cunHidcrablc  intercut  in 
respect  of  its  relation  to  the  proteids.  it  oryntallizes  in  rhombic  prisms  which 
are  but  bparingly  soluble  in  cola  water  or  utcuhol,  readily  soluble  in  boiling  water. 
Its  acid  solutions  are  dextro-rotatory,  its  alkaline  la?vo-rutaloryand  reduce  I'ehlinj 
fluid.  It  forms  a  charactcri^tio  readily  crystal  I  izable  compound  with  cop] 
Nitrous  acid  converts  it  inio  malic  acid. 


Qlutaminio  acid.    CJI^XO^. 

The  circumstances  and  conditions  under  which  this  body  occurs  arc  in  ^enf 
the  same  as  fur  the  aspartic  acid,  and  hence  la^  a  product  ol  nroteid  decomposiiij 
it  acquires  some  importance.     It  htu;  not,  however,  us  yet  been  obtained  by 
action  of  pancreatic  ferments  on  proteids.  and  in  this  it  differs  from  the  preceding 
body. 

It  ciTstallizea  in  rhombic  tetmhcilra  uroetahedra;  is  not  very  soluble  in  cold,  btft 
readily  soluble  in  hot  water ;  insoluble  in  alcohol  and  ether.    lu  acid  solati 
poaseas  a  strong  dextro-rotatory  power,  and  it  reduces  Fehling's  fluid. 


QlatUMB 

1^  ao5^ 


Oyetin.    C^HyNSOv 

Is  the  chief  constituent  of  a  rarely  occurring  urinary  calculus  in  men  an^ 
It  may  also  occur  in  renal  concretions  and  in  gravel,  and  is  occasionally  found  io 
urine. 

From  calculi  it  is  obtained,  by  extraction  with  ammonia,  as  colorless  six  si 
tables  or  rhombohcdra  [Fig.  312].  which  are  neutral  and  iastelcsis.     It  is  inaolo: 


aim 


tPlG.  312. 


Cr^mX  OBTSTAUt.J 


in  water,  alcohol,  and  ether,  soluble  in  ammonia  aud  the  other  alkalies,  and 

mineral  acida.    The  fact  that  this  btnly  is  one  of  the  flaw  crystuUiu&  subslaootiS. 
otiounring  physiologically,  which  contain  sulphur,  renders  its  detection  ver)'  «■ 
Apart  from  its  insolubility  in  water,  etc.,  it  yields,  with  caustic  potash  aud  wiltaj 
either  silver  ur  lead,  a  brown  coloration  due  lo  t\w  presence  of  the  sulphidefl 
these  metals. 

Acconltug  to  l>ew«r  «nd  («iimm.^  cystin  Is  mnldo-sulpbo-prrurie  add.  ttitd    |l> 
<'3H»N90i.— pyruvic  being  lacUc  acid  mlnn^  two  ktoma  ol  bydrofren. 


1  Horbaezewnkf.  Sitzb.  4.  k.  Akod.  d.  Win.,  Wt«n,  IMO.    2  Atilb.  Jual  lUtt 
3  Journ.of  Anat.  arid  Fhynlnl.,  N'ov.,  1870,  p.  143. 
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The  Aromatic  Series. 

Benzoic  acid.    HCiHjO^ 

This  ifl  not  found  as  a  normal  conatiiuont  of  the  body,  but  owes  i(a  presence  id 
urine  to  the  lermeutativo  decuoi position  of  hippurio  acid,  whereby  glycin  and 
beuxoic  auid  are  formed  : 


Ulppurlc  add. 
C,H,(CiilBO)NO,-rH,0 


Oljrcln.         Bensofc  add. 


The  sublimed  aoid  is  generally  crystallised  in  fine  needles,  which  are  light  and 
glistening ;  any  odor  they  poM^ess  is  not  dii(^  to  tlie  aoid,  but  to  an  essential  oil,  with 
which  they  are  mixed.  \v  hftti  predpitated  from  solution  the  crystalline  form  is 
always  indistinct.  This  auid  is  soluble  in  21X)  part.-i  cold  or  25  parts  of  boiling  water, 
but  Ih  easily  soluble  io  nlcuhol  or  ether.  It  sublimes  readily  at  145°  C  ;  it  also 
pati«c8  off  in  the  vapors  arising  from  it^  healed  solutions. 

Prejmration.  Kither  an  above  from  hippiiric  acid  by  fermentation,  by  boiling  the 
hippnric  acid  with  acids  or  allalics.  or  by  sublimation  from  gum-benzoin. 

TyrOBln.    C,H„NO^ 

Generally  accompanies  leuotn.  and  is  perhaps  found  normally  in  small  rjuan- 
tiiies  in  the  pancreas  and  spFeen.  It  is  also  umially  nin-ained  m  larire  (|uantitiea 
by  the  decomposition  of  proicid  matter,  either  by  putruftiction  or  the  action  of 
ftcids. 

The  researchta  of  Radxt«J«wtkyi  render  It  probable  that  tyrotln  doei  not  occur  nornutUy  In  any 
iwrt  (it  tb«  linman  organisin,  except  ms  %  prodnrt  uf  )«nrreati(;  diction. 

All  attempts  to  fynthetire  tyrosin  were  for  some  time  fruitles!^,  although  evi- 
deooo  Was  obtained  doflicicnt  to  indicnte  the  probable  existence  in  its  ruuleeale  of 
some  aiomatio  (phenyl)  radicle.*  More  recently  the  synthesis  has  been  performed,* 
and  we  now  have  ever)'  reason  for  reganJfnp  lyroain  as  parah^'droxy-phenyl  a 
alanine.  This  synthesis  as  well  as  th»t  of  nrio  acid,  referred  to  above,  is  of  con- 
siderable importance,  since  the  more  definite  the  knowledjfo  which  is  possesaed  of 
the  true  molecular  structure  uf  the  products  of  proteid  det'ompositioo,  the  more 
reason  is  there  for  expecting  that  the  synthesis  of  a  proteid  iteelfmay  be  realizable 
in  the  not  ver>'  remote  future. 

fPio.  3ia. 


Traoani  CavsratA] 

Tyruslu  crystallizes  in  exceedingly  fine  needles  which  are  osaally  collected  into 
feathery  masses  [I'^ig-  .Hi 3]  The  crystals  are  snow-white,  tasteless  and  odorieM, 
almost  in!K)luble  m  culd  water,  readily  soluble  in  hut  water,  acids,  and  alkalies, 


1  ArehlT.  r  path.  Anal..  Rd.  zxztI.  9. 1.    Xeltaoh.  t  anal.  tlieiD 
1  TUrtti    1-hem.  Oiilralbl.    IM».  8. 1029 ;  DVtU,  8.  701 :  ltr72.  8.  S30. 
•tclu  II  Kiililtierg.  IMd.,  IfiT'J.  S.  ^up. 
•  Erlenmcyer  u.  Upp.,  Ber.  d.  deulBcli.  C'beui.  Owell..  Jabrg.  xv.  (IHfU),  ^  XhU, 


Bd.  V.  B.  4aS. 

Efiifher,  Ibid.,  lflfiv,.s  l.iv. 


not- 
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insoluble  in  aloohol  and  cthcr.     If  cry<fta1liii(>d  from  ao  alkalinr  iftolatioii  i 
aasumes  the  form  of  roseites  cmjiupomhI  of  tine  needlt^H  arranged  radUt#l(f* 

Tyroeio  doea  not  sublime  by  tieaiin?,  but  is  decoiupo*ied  with  «n  i».!nr 
and  nitrubcnzot.     ( )u  boiling  with  Millon'a  reagent  it  ^ives  a  rem 
cal  with,  but  much  wore  marked  ihun,  that  for  proteiiU  <II'  t 

tvrosin  ia  treated  on  a  watch-glass  with  one  or  two  drop*  of  8t^  ■  J 

tlien  diluted  with  a  little  water,  neutralized  with  caloic  carbon*i> 
filtered,  a  characteristio  violet  color  isobuincd  on  tbeoddiiiunof  a  Urupof 
ferric  chloride  (Piria's  test). 

I^rtjMirntiou,  By  means  similar  to  tluwo  i*mploved  for  leucin 
the  two  dependin^r  on  their  widely  differiiiK  eulubilitiea.  Ai^" 
method,'  large  quantities  aro  easily  obtaioed  as  (he  result  oC  i 

HIppurio  add.    C,H,NOj.    Or  Benioyl-glydn.    <.\U,(C.n»0;><.v 

Is  found  iu  cunsiderablo  quantities  in  the  unne  of  herbtvara,  and 
to  a  much  smaller  amount,  in  the  urine  uf  man-     It  t»  formed  in  tl)« 
union  with  dehydration  of  glyein  and  b«u»>ic  acid. 

CrystJtllixcd  from  u  aattiratcd  ai|UC0U9  solution  it  ajtcumM  the 
needles;  if  from  a  more  dilute  solution,  white,  semitransparenl  foar 
are  obtained  [Fig.  314].    These  when  pure  are  odorless,  with  a  aoi 

[no.  SH. 


Uim^aie  Acu>  C«y«taui.] 


tante-    Thev  are  soluble  in  600  partj*  ol  cold  wal(*r.  readily  S(»lub1r  in  botfinK  vtttr. 
readily  soluble  iu  alcohol,  less  so  in  ether.     All  the  aubitions  redden  btnut. 

Hipporic  acid  is  monobasic,  and  forms  saltf^  which  arv  rcadilr 
(except  the  iron  raits) ;   from  these,  if  in  ttufiicii'iitty  ounucntntea  aotvtioaik 
of  hydrochloric  acid  precipitates  the  acid  in  tine  needles        >^'^hen  beaiad 
conccntratetl  mineral  acids  it  is  resolved  into  benzoic  acid  and  glycio.     TIm 
decomposition  occura  in  preeeooe  of  putrefying  bodies.      8tn>nfr  nitric 
duces  an  odor  of  nitroboasol- 

Prepti ration.     Fmh  urine  of  hor»c<i  or  cows  is  treated  -v--*-  -  ■"     c  \:.^ 
to  form  I'-ilcic  hippuratc  and  thus  prevent  the  dmuni 

filtered,  unU  the  tiltrate  evaporutod  to  a  Hmall  bulk  ;  Hi*.   i..|j «.  •^.u  »- 

citiitated  by  adding  an  ez<'o>iM  of  hydrochloric  acid ;  the  aiiad 
several  crv*ilalliEation3  rp»m  Iwtlinir  water. 

When  {icAted  in  u  small  tube,  hippuric  acid  (nvesa> 
amnionic  Wnzoate,  aecom|Mni(Nl  by  an  odor  hke  thai 
drops  are  oU'^rned  in  the  tube.     This  is  very  eharaoUsrivtic 
from  benioiti  acid. 


aoa  d'citi 


<  Op.  dl.  iKbk  tottdii). 
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PPheny-Uo  {carhulir)  aoid,  or  phtnol.  (',11,0. 
This  body  is  undoubtedly  obtained  aa  the  result  of  the  putrefftctive  deconiiioai* 
won  of  proteids,  notubly  in  iiuirefaotivc  pancreatic  digestions.'  It  may  l)c  obtained 
from  the  distilliite  of  such  aigestivo  mixtures.  It  is  alao  found  in  the  cfjiUenU  of 
the  alimentary  canal  under  the  same  conditions  which  ^'wq  rise  to  indol.  When  so 
occurring  a  purti*)n  of  it  may  be  obtained  from  the  feccM.  while  the  rest  reappears 
in  the  urine.' 
BuUglnjky>  m.y%  the  mine  of  tnatiy  aniniHl»,  of  cows  vid  borvw  alwayn.  contolDi  a  mlvtaiice 


Inaotable  In  alcohol,  and  not  prccipltalerl  bjr  lead  a«:etat«  and  ammonia,  wblcti  by  tbe  aotton  of 
dilute  mineral  acids  girea  carbolic  acid.  Tbe  Mine  aetd  applied  to  tbe  t>odr  exiernafly  or  Intcrnaltjr 
also  pawca  Into  the  urine.*  Slmilarlv  beuzul  (C«U«>.  when  takeu  Into  tbe  stomach,  ap(«an  as  a  car- 
brtlic  add  In  tbe  urlne.^ 

[Flo   HKV 


(raWTAU  or  KYNuaEKio  acid.    (After  kphks.)) 
Fio.  :ilfi. 


CnvvTAU  or  BAaitJii  KvMUKieKAT£.    (After  KPiiNa)] 

The  pure  acid  crystallizes  in  long,  colorless  prismatic  needles;  they  melt  at  35°  C., 
and  bod  at  180**  C.  It  is  readily  soluble  in  alcohol  and  ether,  slightly  sotuhle  in 
water  (1  part  in  ^).  In  mo!«t  cases  it  acta  as  a  weak  acid,  forming  crystalline  salts 
with  the  alkalies.  With  nitric  acid  it  yields  picric  acid-  Its  solutions  reduce  silver 
and  mercury  salts. 


I  Uauraann,  3tellKb.  f.  pbyilol.  Chem  .  Bd.  1.  (IbTTt,  s.  70. 

>  Salkowikl,  Ber.  d.  deataeb.  Chem.  GcmU.,  Bd.  Ix.  (iKTfl).  8.  lOUfi.   Ontmlb.  f.  d.  med.  \\\m.  j)T«>. 
8.SJ^.    Ber.  d.  dentaob.  Cbem.  Gc^cU..  B<1.  x    (ifH).  8.  M2     Virrtiow'a  Arob  .  Bd.  UxU  (1S7!I),8. 


See  also  Ceatimlb.  f.  d.  mod.  Wlai.  (iS7ri),  No*.  30.  SI.  34.  42.  and  Keltsob.  f.  pbviuoi.  Cbem..  iu. 
U.  (IH7BK  S.  241. 

•  Hoppe-8er)er.  Mod.  ohetn.  t'ntorsucb..  Heft  11.  f1W7).  8.  284. 

«  Alm«n,  Xetiei  Jafarb.  d.  ('barm.,  Bd.  xxxlv.S.  111.  aaUovrekl,  Cflilger-it  Arrhtv.  Bd.  ▼.  (I87U7». 
a  886. 

»  Scbnltum  u.  Naunyn.  Reicbert  ii.  DuBote  Iteymoml'i  Areblv  <IM7),  UeA  111.  fl  349. 
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Freprtrtititm.     By  the  dry  distillation  ofsalicylic  Rcid.  iil^o  from  the  »cid 
of  the  distillation  of  coal     It  is  obtained  in  the  loot  poititms  ot  the  di.^tilUui 
preparinff  indol,  and  is  separated  by  forming  a  compound  with  hroniioe,  i\HT 

fkvNiKKNir  ACID.  This  acid  is  obtained  from  tho  unne  of  do<r».  It 
IJKOH  in  lon^  needles  or  four  sided  prisms  [Fig.  ^15],  nud  with  bariom  fonua  ; 
trianpular  crystals  [Fig.  3K>]. 

The  Hii-k  Sr.Ri»:jj, 

Cholalic  {or  cholic)  acid.    lLCH,4Hj,0j  r  U,0. 

Occurs  in  tnoe«  in  the  small  intentinc.  in  larger  quBntiti(<fl  in  th?  com««its  oTj 
large  intestine,  and  the  feces  of  men,  cov^.  and  doxa.     lu  i 
contains  traoea  of  this  acid.     But  its  principal  intervst  lies  ii> 
point  for  the  various  bile  acids  (see  below).     The  pur«  acid  iinu  ih^  ifcni(kr]vn<ni»< 
cn'stalline,  in  the  latter  case  crystallizing  from  hot  alonholic  s<ilutiona  in  taCimk«Mbi. 
These  erystabi  are  insoluble  in  water  and  ether.    In  the  amurphotu  fcim  it  » 
what  soluble  in  water  and  ether.    Fleated  to  20*)**  C.  it  is  ouuvertcd  iuiu  w«Ler] 
dyalvwin  (C„HmOi). 

This  acid  po«*e«*cs.  in  the  anhydrotis  condition,  a  sjKicifio  rotatory  jniwr  uf 
for  the  yellow  liirht ;   when  it  crystallizes  with  U,0.  the  rntation  ia  *;»5' 
rotatory  power  or  the  alkali  salts  is  always  less  than  the  above,  and  wheq  i 
tion  in  alcohol  the  rotaitun  is  independent  of  the  c-onconiration.     Kikr  the  akiiliafir 
solution  of  the  .sodium  salt  the  rotation  is-f  31.4*^. 

l*reparntioi\.    By  the  decomposition  of  bile  ncids  by  meaos  of  aracUi 
fermentative  changes. 


b«4n. 

1 


it'tniiu-J    rriihi     iMitim 


ml  liu  jfnmmmA  I 
<i  ca  b(]a.sD4 


B«ypr'  IiB*"  fxniiilnetl  tln^  I'llf  i- 
Choltillc  Hr\il.     Tn  llil^  Xw  ay-: 
btlc  wo'itd  svoni  to  be  n  b>xl 
Blrpclter.     bMjrtr'a  r«iuU»,  hi 

Peitenko/ert  (at* 

This  well-known  te^t  for  bile  lui'uh  deoeuds  uo  the  rvact 
presence  of  sugar  and  sulphuric  acid.     It  to  a  Mtlution  n\'  tl.  tjipar  bf 

added  and  then  sulphuric  acid,  keejiine  the  teupemiun.*  belcu    :  h  btla« 

70*^  C,  a  beautiful  reddish  purple  is  obtained-    If  diluted  wit  I    .;  «:4ncinB 

gives  a  charaetoristic  spcetniw  with  two  absorption  bands,  one  between  t>  aftd  C 
DOftrefit  to  K,  the  other  close  to  F  on  the  red  aino  of  F. 

The  reaction  is  much  impeded  by  the  nresenrc  of  coloring  matlen;  ■ovova 
proteidsand  other  bodies  easily  duc<mipo.sea  by  sulphuriF  acid.auob  ■•  avyl-^lMM 
and  oleic,  give  a  similar  result;  the  ooloriru^  mailer  nroduocd  from 
does  not,  however,  give  (ho  abeorptioQ  bands  dcM4-rib«d  abore.' 


O-lyoooholio  aoid. 


,NO,. 


This  body  was  lirst  obtained  in  the  crysUlUoe  form  and  describvd  hf 
(1826}.  who  gave  it  the  name  of  '"eholic'   acid. 


Wbo 

mctbiu]  I'v  u)ii( 


^«  ho»l  tn  n»c  I 

Mid.    TtwsMtt. 
ids  nrr  •i>IM  i]i> 


AS  a  ■yDciijrB  I 

iha  " 


v\f  ,  tiv  trvnlilieni 


altalt 


This  IS  the  principal  bile  aeid  of  ox-gall :  it  is  also  presvnl  So  Um  Ula  of 
has  so  far  not  oecn  observed  in  that  ox  caraivora.    Id  icterus  the  ttrloe  tnajr 
traces  of  this  acid. 

It  or>'stalltKea  in  6nc,  g1i»4(oiiing  needles.  These  arc  -'  ihU  la  nld 

readily  so  in  hot  water  and  alcohol,  but  insoluble  in  rt-  .  >*  poMMMa  t 

and  yet  sweet  tOHtc.  :.nd  a  strong:  acid  reaction. 

The  saltit  ni'  this  acid  an*  rcaddy  soluble  in  water  and  cr}-atAUiBe  wdL     Tli* 
as  well  as  the  free  acid,  exert  riuht  litiuded  pulnriituliun  atuotUtlBc  lO-fSVU^ 
the  uctd.  and  +25.7*^  for  the  sodium  salt,  both  moaMiri'd  fur  ytUow  Bff^ 


■  K'ttcnkf.fiT.  Annul. Tl  d    rh.m    u    I'hnnn     lid    lifdMi.    <  «». 
'  y 
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trlycocholic  acid  is  a  compound  of  glycin  aud  cbolallc  acid  ;  thus: 


CholKlio  Add.     Uljrcln. 


(ilycoehotic  acid. 


ProlongcO  twilling  with  rlilute  mlncrAl  (iddB  or  cnurtic  alkAliei>«  fioconip«*«»  glycochoHc  iidd  Inlo 
gWdn  uid  cbolnlic  lu-ld  :  ir  UiMolTed  In  conM^ntraied  ctilphurlc  ncld  nud  thoi]  warmed,  glyoocbolle 
mod  by  the  n^nioval  or  otio  mnlcciilQ  of  water  vleldii  vbolonic  nt-ld,  C-twU^iNt  t^.  The  banum  Mit  of 
(Us  iMt  iu>Jd  1i  lasoluble  In  wKter,  wbich  tkot  u  ol  Imporuocv.  »lucu  cuuJudIc  ncld  immmmck  nMrly 
Ibtt  Mune  specific  rotatory  power  m  glycfioliollc  add. 

I^eparation,  From  ox-wal!  by  evaporation  to  a  syrup,  decoJorizinK  with  animal 
charcoal, extracting  with  atronK  iilcoliol.auti  jirecipitatin^f  bya  lar^e excess oi"eilior. 
lb!  separation  from  taurooholic  acid  depends  on  it.s  preoipitalion  by  normal  lead 
aeet&te.  taurocholie  acid  not  being  precipitated  by  this  reaj^eni. 

Taurooholio  aold.    C,fl!l«iNS<),. 

Occurs  also  in  ox-eall,  but  is  found  especially  plentiful  in  human  bile  and  thai  of 
cflrnivora.  notably  of  the  dojEf. 

It  cryBmllizes  with  difficulty  in  very  fine  needles,  which  are  exceedingly  deliques- 
cent. Wlien  dried  it  isiirt  amorphoufl  powder,  with  pure  bitter  tante,  easily  solable 
in  water  and  alcohol,  insuliibte  in  ether.  .\ll  its  8alt<<  are  soluble  in  water,  and  are 
precipitated  by  ba.<iic  lead  acetate  in  the  presence  of  free  ammonia.  The  sodium 
salt  dissolved  tn  alcohol  baa  a  specific  rotatory  power  of +24.5°;  if  disLs<dved  in 
water  this  rotation  is  le*w.  and  in  thirt  respect  it  rescmblet*  jrlj'coeholic  acid. 

This  acid  is  far  more  unstable  than  the  preceding  one,  beiD^ decomposed  if  boiled 
with  water.     The  pruduKs  of  dccouj position  are  tsiurin  and  ohnlalic  acid. 

Taurocholic  acid  is  a  couipuuud  of  tanrin  and  ehulaliu  acid  ;   thus : 

4.'b<il«.]lc  acii].        Tftitriii.  TuiirocbuUc  Rcld. 

/V<para^on.  From  the  bile  of  doga  by  a  process  flimllnr  to  that  for  glycoeholic 
acid.  It  is  separated  from  trnr-eii  of  (his  latter  and  from  oKolalic  acid  by  precipita- 
tion with  basic  lead  utjctaie  and  ammonia.' 


Bilk  Piouents. 


Bilirubin.    <^sH„N,0,. 


It  is  found  chiefly  in  the  fre.sh  bile  of  man  and  caniivora,  to  which  it  fs'ives  the 
churauteristic  dark  golden-red  color-  It  frequently  ccmstitutett  a  considerable  part 
of  some  kinds  of  gallstones,  not,  however,  as  free  bilirubin,  but  as  a  compound 
with  earthy  matter,  chieBy  chalk  :  the  palt-stonen  of  oxen  and  pigs  often  contain 
4i^  per  cent,  of  this  compound.'  These  are  therefore  the  best  material  from  which 
to  prepare  bilirubin. 

t\€paratio}i.  The  irall-slones  are  treated  with  sirouir  acetic  or  dilute  hydr*.»- 
chlorio  Aoid,  to  depurate  the  earthy  matter,  and  the  residue  in  thoroujihly  washed 
with  water  and  ulctdiol  and  dried.  From  tliifi  residue  the  prolonged  action  of  hot 
chloroform  extracts  the  bilirubin,  which  may  either  be  obtained  iu  the  amorphous 
form  by  precipitation  with  alcohol  id*  its  solution  in  chloroform,  or  as  well  defined 
crystals  by  the  alow  evaporation  of  the  chlnrtjforni  solution. 

The  mo.«t  usual  form  of  the  crystals  is  that  uf  rhombic  prisms;  they  are  readily 
soluble  in  chloroform  and  alkaline  sulutiuiis  only. 

My  treattnent  with  oxidi^iniK  ajiceuts.  such  a.s  nitrous  acid,  bilirubin  takes  up 
oxygen  and  becomes  biliverdin,  the  color  at  the  same  lime  ehanffing  to  Kreeu-  The 
possible  oxidation  dues  not  end  here,  and  if  continued  a  series  of  products  arc 
obtained,  each  with  a  charaeteristic  color,  as  in  the  well-kown  Gmelin's  test.*  Of 
tbejie  only  the  final  product  of  the  oxidation  has  been  obtained  in  a  state  of  sufBeient 
purity  to  enable  any  dcfiuite  statements  to  be  mode  of  its  characteristics  * 

This  is  the  body  known  as  Cholctelin  (see  below). 


'  Parke,  Tubing.  Med.'Cbom.  Unter«..  Bd.  1.  S.  liR). 

«  Un\y.  8»»ber.  d.  Wleu.  Akad..  Bd  Ivll..  I«W.  II.  AWh.  Pebr.  Hft. 

•  Tledtnann  iind  Omelin.  IHe  Verdauuiii;,  iftM,  fl,  79. 

«  Bttfiiaiaa  and  Cainpl>cll.  rAutf^rB  Arcb  .  bd.  Iv.  M87Ik  3.  493. 
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BUlverdin.    C«H,aN,0..» 

This  product  of  the  oxidation  of  bilirubiu  gives  the  obaraoteristio  color  to  the  bile 
of  herhivora  and  to  biliary  vomits.  It  occurs  ftlflo  probably  at  timea  in  the  urine  of 
jaundice  and  iu  the  pigmentary  matter  of  the  placenta.  It  is  found,  or  occors  in 
traces  only,  in  gall  stones. 

Preptiration.  An  impure  product  is  obtained  by  precipitating  ordinary  her- 
bivorous bile  with  baric  chloride,  wiwhintf  ibe  precipitate  with  water  and  alcohM 
and  def-oraposing  it  willi  hidrochlorio  acid.  The  biliverdin  thui*  obtained  is  washed 
with  ether  andoissolved  in  alcohol.  From  its  solution  in  the  latter  it  is  ubiained  aa 
an  aniornhoua  preen  powder  by  slow  evaporation.  Pure  biliverdin  is  best  prepared 
by  the  slow  oxiuation  in  the  air  of  bilirubin,  di.ssolved  in  dilute  caustic  soda- 
It  does  not  crystaUize.  and  is  insoluble  in  ether  or  chloroform  ;  readily  soluble  in 
alcohol.  When  oxidized  tt  4;ives  the  same  play  of  colors  as  does  bihrubin,  with  the 
formatioti  of  the  same  final  and  intermediate  products. 

Neither  this  bwly  nor  bilirubin  pives  any  characteristic  absorption  bands. 
There  seems  now  no  reason  lor  doubting  that  the  bile  pigmentA  are  derived 
ultimately  from  the  coloring  matter  of  the  blood. 

Virchow  has  described'  the  gradual  changes  in  old  blood-clots,  as  of  cerebral 
hemorrhage,  which  lead  to  the  presence  of  the  so-called  hoamatoidin  crystals^ 
Though  these  have  not  been  obtained  in  sufficient  quantities  to  enable  their  oom- 
position  to  be  finally  fixed  by  a  chemical  nnalyais."  still  the  identity  of  their  cm- 
talline  form  with  that  of  bilirubin,  and  the  fact  that  they  both  give  the  same  play 
nf  colors  when  oxidized,  as  in  rrmelin's  test,  justify  the  aasumption  that  hfcmatoidin 
and  bilirubin  are  identical.*  Moreover,  the  balance  of  experimental  evidence  dis- 
tinctly aupport-s  the  view  that  a  liberation  from  the  corpuscles  of  the  ooloriBf 
matter  of  tbe  blood  in  the  bloodvessels  by  an  injection  of  chloroform,  water,  etc-. 
leads  geiierally  to  the  appearance  of  bile-pigment*  in  the  urine.*  The  occurrence 
of  bilirubin  cryst-als  in  the  urine  has  frequently  been  observed  after  the  operatioa 
of  tranftfiision  of  blood  in  man.  The  chemical  possibility*  of  the  conversion  of 
haemoglobin  into  biliverdin  is  readily  seen  by  a  oompanaon  of  the  formnlup  of 
haematin  (see  p.  4fi4]  and  bilirubin.  The  former  has,  according  ui  Hoppo  iSeylcr,' 
the  cumDOijition  imlicated  by  the  furmula  -{OsiUuNiFeOB)*  while  that  of  bilirabio 
is  CisHi^NjOt  Allhouth  the  conversion  has  not  as  yet  been  directly  effected,  the 
following  facts  are  signi6eant.  If  bilirubin  is  trerited  with  sodium  amalgaio  the 
aubstatice  known  as  hydrobllirubin  (see  below)  is  obtained.  If  haamatin  is  diasolved 
in  c^uRtic  soda  and  (rcated  with  sodium  amalgam  or  in  hydrochloric  acid  aolatioD 
with  Rinc  dust,  a  substance  is  obtained  which  ia  now  recognized  as  identical  with 
bydrobilirubin.'  This  is  the  most  direct  chemical  evidence  of  the  relation  of  the 
coloring  matters  of  the  blood  and  bile. 

Choletelin.    C,JI„N,0,(?i* 

This  substuuee  is  obtained  as  the  final  product  of  the  oxidation  of  either  btlirubiD 
or  bilivenlin.  It  is  best  prepared  by  acting  upon  bilirubin  with  nitroua  acid  in 
presence  of  alcohol ;  the  various  colors  of  Gmelin's  reaction  are  observed  and  the 
final  reddish-yellow  solution,  if  poured  into  water,  yields  a  precipitate  of  choIeteUn. 
It  is  not  cr>*!4talline  and  is  soluble  in  alcohol,  ether,  and  chloroform-  When  fre«hly 
prepared  it  seem^  to  give  an  uncertain  absorption  band  if  examined  in  an  antl 
solution.  On  this  account  some  observers*  have  been  led  to  regard  il  as  identical 
with  hydrobilinibin  (urobilin).  There  is,  however,  no  doubt  that  they  Are  quite 
distinct  bodies '" 
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1  Mnly.  9Uzb.  d.  Wieii.  A  bad.,  Bd.  Ixx.  (1971),  Itf.  Abtfa^ 
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*  Rotiin,  Ann.  d.  Chcm.  u  Phnnn..  Bd.  exvl.  8.  Su. 
«  But  see  also  Preyer.  Pie  HlmkrysuUo.  lK7i.£i.  ik7, 
»  Tarchuioff,  PflHcer'B  Arch..  B<1.  Ix.  (ICT4),  S.  M.    Sec  %\m  Bd.  x.  (18TS>,  B.  2BS. 
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Hydroblllrubin.    <  „IUK,0,. 

This  body  wah  first  described  by  Maly'  as  resulting  from  the  aotion  of  sodium 
lal^am  on  an  alkaliue  solution  of  bilirubin.  When  the  reaction  ia  complete  the 
»lutiOD  is  precipitatt'd  with  hydrochloric  aoid.  the  precipitate  dissolved  in  ammonia, 
•gmio  precipitated  by  acid,  and  the  Bubstaitce  thus  finiiHy  obtained  i«  washed  with 
water.  It  is  readily  soluble  in  alcohi>1,  Ichh  so  in  ether.  ItA  alkaline  solutions  arc 
sllow,  and  these  turn  pink  un  the  addition  of  acid.  Both  its  acid  and  alkaline 
dutions,  the  latter  especially  on  the  addition  of  a  few  drops  of  chloride  of  zinc, 
give  a  charaeteriatic  absorptiun  band  between  b  and  F-'  In  the  culors  of  it^i 
alkaline  and  aL'i<t  solution.'^  and  the  RrecniHh  fluorescence  of  \l&  aiumoniacnl  solution 
on  the  addition  uf  chlonde  uf  zinc,  and  in  itn  abKorptton  spcctniiii  hyilrobilirubin 
shows  it*  close  relatiim  to  urobilin  (see  below),  with  which  indeed!  it  \n  now  con- 
sidered to  be  identical  It  if^  al^o  identical  with  a  boi^y  named  stercobilin^  which 
hud  previouifly  been  described  ars  a  product  of  the  alteration  of  the  bile-pigments 
in  the  alimentary  canal  occurrinii;  in  feces.  There  is  no  difficulty  in  seeing  how 
this  ohanKe  (hydroxenation)  can  be  brought  about  in  the  inteMine  since  it  is  known 
that  a  con^derable  quantity  of  hydrogen  may  make  its  appearance  by  fermentative 
pn)cea8es  in  the  intestine,  and  in  its  nascent  Atatc  might  readily  produce  the  simple 
change  which  is  known  to  occur  when  bilirubin  is  converted  into  hydrobilirubin. 

I*i(iMENT8  OP  Urine. 

Our  knowledge  of  these  bodies  is  at  present  limited  and  imperfect.  Most  prob- 
ably* they  are  numerous,  but  only  two  appear  sufficiently  well  characterized  to 
deserve  mention  here. 

UroblUn.    CaH«N.t»,. 

As  RUted  above  this  us  now  regarded  as  identical  with  hydrobilirubin.  It  was 
6rst  described  by  .TaffV'*  as  a  well-charaetorixed  normal  tirinary  pigment  and  its 
identity  with  hydrobilirubin  aubseiiuontly  deLermined.' 

Normal  urine  containt)  only  small  quantities  of  urobilin,  but  there  is  preeont  a 
substance  (chromogen)  ivhich  under  the  influence  of  aeidH,  with  absorption  of 
oxygen,  yields  urobilin.  The  urine  of  fever  frequently  cootains  a  considerable 
auiuUQt  of  actual  urubilin  an  such. 

The  properiies  described  tiliovo  for  hydrobilirubin  are  identical  with  those  of 
umbilin.  Its  prcpuraiinn  fnmi  urine  is  somewhat  difficult,  and  for  this  some 
special  manual  must  hii  consulted." 

tJpoerythrln 

Is  considered  to  bo  the  substAnee  which  gives  to  the  urine  of  rheumatism  its 
characteristic  cfjior  ^  cry  little  is  known  of  its  chemical  properties.*  It  appears 
Co  be  an  amorphous  reddish  body  with  an  acid  reaction^  slowly  soluble  in  water, 
alcohol,  and  ether.  Wheu  treated  with  caustic  alkali  it  turns  green.  Urine  con- 
taining this  body  takes  on  a  characteristic  reddisb-yellow  color  on  the  addition  of 
concentrated  hydrochloric  acid. 

Thudlcbum  couHldera  ttiat  iioimAl  urine  contains  only  one  pl^nieiiU  which  bu  l«11ii  urochrame.* 
Malv  le  locUnotl  to  regard  tbli  as  the  mine  as  iiroblllu.i"  Mora  recently  Thudlchntn  hiu  npheld  hla 
fomrervlew*" 

Thk  Im>ioo  Skries. 
Indloan.    t\KjNS<>,. 

A  body  wa^  long  ago  described  "  as  occurring  in  the  urine  and  sweat  of  men  and 
other  animals  which  yielded  by  the  action  of  acids  the  blue  ooluring  matter  indigo 

I  (tntralb  f  d.  mcd.  \Vt%..  So.  :a.  IKH.    Annal.d.  (liem..  IW.  clxUi.  tIWi).  &71. 
«  VIeronli.  ZeUiwh.  f.  Biol..  110.  U.  (1W3).  S.  IflO. 

■  Vanlairsod  Mmduv,  CeotnLlb.  f.  d,  med.  WIm  .  Nu.  24,  1()71. 

•  Vlcmrdl.  Die  .|'woiHt*tive  S(iectmIiirmI>.M;.  el.-..  TUbtngcn.  IWK,  S.  »I. 

••  t'4?ntmlb.  f.  d   Died.  WIm..  IWh.  8.  2«-     Virchow'*  Arob..  Ud.  xlviL  (J«»),  H.  4QA. 

*  Maty,  Ann.  d.  (hoin   n,  Fhann.,  Hd  clxtU.  tlST.:^  ^  77. 

■  Vide  NQUbauur  unci  Vcigi'l.     HunianalyM:,  t<d.  vili.  (IAh)),  g.  sj. 

■  Hellers  Archlv  .?i  lUl.  til  (K'.«).  S.  361.  •  Brit.  Med.  Jouro..  N.  8..  No.  201.  1854.  p.  SOfc 
1"  MiLly,  Ann.  d.  (hem   ii.  I'hann..  Utc.  clt.,  Ih72,  8.  'Jo. 

"  Jniini  rht-ro  !*<K'  .  8i;r.  2,  v»il.  xill.  (1K75).  pp.  Sir;.  4i)I 

'5  vhuuk.  I'lill.  M«H.,  vol.x,  p  73;  xW.  u.  2W:  XV,  pp.  29,  117.  IW.  Cbpm.  I'entmlb.,  I8A«.  S  50; 
IK'.;.  T*.  *c:  .  IM.'.H.  s.  ■>^.  IloppcSerWr.  Arch,  f  |*th.  Arml..  Bd.  »xt1I.  B.  S88.  JftfTc,  PflOier'i  Arrb., 
Hd.  111.  (In^O).  S.  IL^. 


I 


1068 


APPENDIX. 


aa  one  of  ttie  proJueLs  of  its  decomposition.  Sehunk  considerod  this  sabsUince  to 
be  idontioal  with  the  intlican  known  to  occur  in  several  plnnls  (Indigoferm,  IbaHb). 
Hoppe-Seyler.' on  the  other  hand,  hnvinjr  regard  to  the  ^'renter  ease  with  which 
the  indican  from  plants  undcr^ix's  dcoom])osiiion,  regarded  them  as  most  probably 
different  suhBtnneos.  Baunmnn  has  shown'  that  the  two  arc  really  different,  and 
has  eonfirtued  \m  earlier  statements  iit  a  more  recent  publioation.'  Accordtoe  to 
him,  the  indiean  obt-uincd  from  urine  is  not  a  glucoside  (so  also  Iloppe-Seyler) 
and  yields  sulphuric  acid  by  the  action  of  hydiochluric  acid.  He  assiKiis  to  it 
the  formula  CiH»N.O.SOa  OH.  and  regards  it  as  indoiysulphuric  acid.  The  acid 
itself  is  not  yet  known  in  the  free  Btute,  but  it  yields  stable  salts  such  as  that  of 
potassium,  C^HgN.SO.K.  It  occurs  larjrely  in  the  urine  as  the  result  of  the  pres- 
ence of  indol  in  the  alimentary  canal.  In  this  way  Bauniann  and  Bricgcr  *  were 
enabled  to  obtain  large  auantitie»  by  giving  indol  to  a  dog.  For  it*  preparation 
their  iiriirinal  paper  must  be  consulted. 

When  treated  in  a(|ueoas  solution  with  hydrochloric  acid  in  presence  of  oxyxen 
it  yields  indigo  blue 

2C,H«NS0<K  -f  O,  c=  2CaH4XO  -{-  2KHS0,. 
It  is  always  estituuied  in  urine  by  conversion  into  indigo  blue. 
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IndififO.    t'sUjNO. 

It  is  formed,  aa  stated  above,  from  indican,  and  gives  ri«e  to  the  bluish  color 
sometimes  observed  in  sweat  and  urine. 

It  may,  by  slow  formation  from  indican.  be  obtained  in  fine  crystals;  these  an* 
insoluble  in  water,  slightly  soluble,  with  a  faint  violet  color,  in  alcohol  and  ether 
Chloroform  also  dissKtlves  them  tn  a  slight  extent.  Indigo  is  soluble  in  ^troog 
sulphuric  acid,  lonning  at  the  same  time  two  componndn  with  this  acid  :  (he»^ 
art?  Holuble  in  water.  It  possesses  a  pure  blue  color;  when  pressed  with  a  hird 
body  a  reddish  copper-colored  mark  is  left,  and  the  co'slals  exhibit  the  same  coW 
if  seen  in  refliH*ted  light. 

The  soluble  compounds  with  sulphuric  acid  give  an  absorption  band  in  the 
speoirum  which  lies  clof»e  to  the  D  line  and  to  the  ted  side  of  it.  This  may  be 
used  to  detect  indigo. 

Treated  with  reducing  agcutts,  indigo  is  deoolorized.  being  reduced  to  indigo* 
white-    The  latter  oontains  two  atoms  more  hydrogen  than  indigo. 

Indol.    C,H,N. 

To  this  body  the  specific  odor  of  the  feces  is  partly  due.     It  is  obtained  a* 
final    product  of  the  reduction  of  indigo,  and   also  by  the  distillation  of  imiteid 
matter  with  caustic  alkalies.' 

It  often  occurs  auioiig  the  products  of  the  action  of  pancreatic  ferment  on  pro- 
teids ;  its  presence  in  such  cases  appears,  however,  to  be  due.  not  to  the  action  of 
the  trypsin,  but  to  a  simultaneous  putrefaction  under  the  influence  of  bacteria, 
etc.*  If  the  pancreatic  digestion  be  carried  on  in  the  presence  of  salicylic  acid. 
indol  docs  not  make  it.s  appearance.  Indol  is  a  crystalline  body,  soluble  in  boiling 
water,  alcohol,  and  ether.  It  passes  over  in  the  steam  when  its  aqueous  solnttnti 
is  boiled.  It  is  clianicterized  by  the  following  reactions.  A  strip  of  pine- wood 
moistened  with  hydnichloric  acid  is  colored  bright  crimson  when  dipped  into  a 
solution  of  indol.  Its  alcoholic  solution  turns  red  when  treated  with  nitrtjus  acid, 
and  its  acpicoua  solution  gives  a  copious  red  precipitate  with  the  same  reageuu  It 
also  yields  a  characteristic  crystalline  compound  with  picric  aoid. 


»  nandb.  tl.  t«tli.  clicm.  Annl..  Ed.  iv.  ^I^TTO.  S.  191. 

t  PflQKcr'B  Arch..  Bd.  xitf.  dHTKi,  H.  *tl.    Zcllitchr.  f.  phydol.  Chem..  Bd.  i.  iia77-78),  S.  fltt 

*  Zellsclir.  {.  physlol.  <hein.,  Bil.  III.  (IKTfl),  fi.  :!M. 

«  Zvltfcbr.  f.  phTKlol.  Clititn.,  Bd.  til.  {lfr*9t.  A.  -2^.    Sw  ttlso  Ber.  d.  deuttcb.  Cbvm.  0«aell.,  xtt. 
OWW.  Sn.  Ifttf.  n$->,  '2W, :  nnrl  xlil  (ISftii).  P.  4f«. 

*  Kilbtiu.  Her.  a.  deutofh.  ehum.  tjtsell..  vUl.  (lW5t,  8.  200. 

*  KtiUno,  Verhand.  Ueldlb.  luturhM.-med.  Ver  ,  N.  S..  Bd.  1.,  Utt.  3     btirichl  d.  DettlMl»«D  cftcou 
G«»cll-4'b«ft.  ISTi.  S.3or.. 


Skatol.    C,H,N  (?). 

Noticed  by  Brie/?cr  *  as  one  of  the  products  of  putrefactive  changes  in  the  small 
ini^stine.  Seortuan'  had  previcMisly  described  a  similar  substance  as  arising  froui 
the  puirefaction  of  albumin. 

Skatol  is  crj'fitallino  and  contains  iiitroeca  ;  it  is  more  soluble  in  water  than  indol, 
and  does  not  i^ive  rit^tJ  to  ati^'  red  coloration  with  iiitrouH  acid. 

Skatol  readily  passes  into  the  urine  when  it  occurs  in  the  alimentary  canal,  and 
then  itives  a  violet-red  reaction  with  strong  hydrorliloric  arid. 

V.  Nencki'  preparer  this  siibstani-e  by  the  putrefaction  of  a  mixture  of  finely 
divided  pancreas  and  muscle  substance.  After  the  aih^ition  of  acetic  acid  the 
niiuts  is  distilled,  when  the  skatol  readily  passes  over.  From  the  distillate  it  is 
precipitated  by  nicric  acid,  and  the  precipitate  when  a^'ain  distilled  with  ammonia 
gives  off  pure  skatol,  which  may  be  finally  purified  by  crystallization. 

[PTOMAINES  AND  LEITROMAINKS- 

These  substances  comprise  the  .so-called  aniiual  alkaloids,  and  belong  to  a  class 
of  aminea.  Tbey  art*  called  alkaloids  because  of  their  close  resemblance  in  toxio 
properties  to  the  same  class  of  substaiice^  obtained  from  plants.  The  difference 
between  ptomaines  and  leukomaiues  as  classes  is  that  the  former  arc  products  of 
abnormal  metalM:)lism  and  the  latter  of  normal  metabulisiti-  Ftomames  are  usually 
highlv  toxic,  while  leukomaine.4  are  (>f  feeble  toxicity.  It  seems  probable  that  in 
specific  diseases  the  germs  form  ptomaines  and  that  the  peculiar  pathological  states 
are  in  a  large  measure  due  to  these  Hubsiances  acting  as  peculiar  poisons.] 


»  Bw.  tl.  l>eutich.  chem.  (ie»ell.,  Jahrg.  i.  (IS77),  8.  1037. 
a  KecberchtM  sor  uutivraialoa  fie  ralbiitiilne.    tJcnerii.  I'<7ti. 
«  Centralb.  f.  d  ined.  \Vi»  .  ]«7«.  S.  H49. 
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^^^^ 

Acid-albumin^  lOo 

Allantuin,  lO-'w 

^^^^ 

formation  of,  MX 

.Ulantois,  993 

^^^1 

Add,  ficH\Cy  1031)                                            i 

Alvergniai'a  pump,  454 

^^^1 

appnrtif,  lO.'i'.i 

Alveoli  of  lungis  433 

^^^1 

Ix-nzrtic,  IU61 

structure  of,  436 

^^^^1 

bulyrtc  1U4() 

Amblyopia,  843 

^^^1 

cap'ric,  lOlU 

Amides,  1048 

^^^1 

caproic,  1040 

Araopbft,  characteristics  of,  33 

^^^1 

caprylic,  1040 

Amnbt-iii  movements,  157 

^^^H 

cholic,  10(i4 

Anelect  rot  onus,  131 

^^^H 

elhyleiie-lactic,  H»43 

Animal  body,  clieraital  bases  of,  1015 

^^^1 

ethvlidene-laciic,  1043 

Animal  ^im,  1039 

^^^H 

fortxiic,  103y 

heat,  041 

^^^H 

Klutiiiniiiir,  lOtKl 

distribution  of,  (Ml 

^^^1 

gly(«rin-i>hr»*phoric  1047 

production  of,  646 

^^^1 

Klycooliolic.  lUt54 
hi|ipurir.  Il>t2 

•  regulation  by  varintionM   in    U}^, 

^^^H 

iM4 

^^^H 

kviiurenic,  1058 

sources  of,  041 

^^^H 

laclic,  iOA'.i 

temperature  of  body,  643 

^^^1 

laurofttearir,  lOMi 

Apluuna,  823 

^^^H 

mTrisiic,  1040 

complete,  827 

^^^H 

f                  oleic,  1041 

partial.  827 

^^^H 

oxfllio,  1044 

Apno-a,  4lK) 

^^^^1 

p:(lmilit%  1040 

Aqueous  humor,  Sl»3 

^^^1 

phenvlic,  1063 

Area  for  mouticjUion,  814 

^^^^ 

propinnic,  1040 

pnHlnotinn  of  voice,  814 

^^^^ 

KU-c<ilaclic,  1043 

siKjech,  S23 

^^^H 

stearic,  I04<» 

owallowin^,  814 

^^^H 

fiuctinic,  1044 

Aromalir  iwries,  1061 

^^^1 

laurocholic,  10<15 

ArteriKi,  ehaoges  in  caiUbre  of,  266 

^^^^ 

uric,  1051 

strncture  of,  178 

^^^^H 

salts  of,  1052 

Arteriule-s,  178 

^^^1 

valerianic,  1040 

Ascites,  417 

^^^H 

Acnustic  appamtiiK,  *.(47 

Asparagine,  1059 

^^^H 

Adipose  tissue,  U14 

Aspartic  arid,  10.59 

^^^H 

AiTerent  icnpulm^s  rt72,  855 

Asphyxia.  492 

^^^H 

Aflcr-ima^es,  9'Jo 

Asligmatisiu,  907 

^^^1 

negative,  925 

Atropine,  action  of,  on  heart,  262 

^^^H 

positive,  '.iZ't 

on  pupil,  90tl 
Auditory  judgmeuta,  965 

^^^H 

Albumin,  acid.  1020 

^^^H 

alkali,  1021 

sensations  i>50 

^^^H 

derived,  1020 

Automatic  actions,  171 

^^^^1 

ewK,  1019 

Automati.Hm,  irregular,  870 

^^^^ 

natives  1019 

regular.  ?*70 

^^^^1 

nucleo-,  1035 

Axis-cylinder.  121 

^^^H 

nemm,  1019 

proccMes,  166,  807 

^H 

^^ 

J 

i^^^^^^l 

^^^^^^^"  1N1>EX.                    ^^^^^^^^^B 

|>KN&)iriicid,  1001 

lUond.  conitKMitioo  of.  metluMM^i^^l 

corpu?«cle»  of,  54                            ^M 

runnatiMn  of.  598 
action  of,  on  food,  35S 

iisvnif£i'    tiwnXtn    of.    In  ^M 

bl'K^I.  57                              ■ 

chaructcrijrtios  o(^  .54             H 

antitfepUc  qiinlities  of,  XM 

red,  ntnirtute  of,  5»1              ■ 

chnracl^reof,  351 

hvtnoglobin  in,  '"^^^^-^l 

DoixipOftitioD  of.  3S1 

^^H 

formaiion  of  consiitticnu  of,  5SK) 

efK'Ct  of  dviii-ieni  mtrUlaa^^^M 

infliJimce  on  (»«ptic  digestion.  S&!2 

plat<?lcts  )IH                            ^^^M 

pigment  of,  3.52,  .i9.i,  lOrt-T 
{itDelin*8  lest  for,  Xo'i 

ptmirie^,                                        ^^^^| 

prmnuiv,  1H5                          ^^^H 

nworption  of,  365 

curvu»  (turn  can>lt(i  of  I^^^H 

mIu.  353 

quantity  of,  it«  divtiiboiia^^^H 

tesu  for,  353 

jm^^^^^M 

I'eiionkoferX  3.53 

nt«  of  drculation.  ^^^j^^^l 

aecrelion  of,  3til 

relftlitins  of  nxTgrn  in,  I^S^^^^^f 

aeritts  10t>4 

rcffpim(i>ry  rUangw  In,  ^'^tfl^^l 

Itilirubin,  352,  I0l'>5 

supplr,  Lnlluvtice  vf,  im  oommt^M 

BilivenlLn,  352,  1060 

'  »(i»^  14.3                              ^1 

RiniK^uInr  viKinn,  9'M) 

of  liver.  3«12                 ^^M 

Hladder,  muscles  of,  54H 

yvmeXfs  twpillarr,  173           ^^^H 

structure  of,  54«1 

Rnun,731                                  ^^H 

iniiidne.^,  H4'2 

sbsMU*  of  rifm  o(  toIIUo«^^^| 

color.  i»23 

Rence.  7S4                      ^^^H 

I'.lind  flpoi,  rilling  up  of,  1)20 

and   Aplnal  cnrd,  \jmfhaxie  mnm 

UUwd,  U 

mtou  of,  tiT« 

carbonic  Hcid  in,  46<> 

nirtnbnuim  iif,  lj7tt 

chiin(ct»i  in  quuniiiv  of,  201 

Tannilar  arrangesiMilft  oL  HI 

I'hemicul  cvMnjKisUioii  of,  llV 

ftfteriea  nf,  dittriftiouoci  taAmttKtt 

clotling  of,  42 

^^M 

buHy  fnai  In,  43 

blood-«u|iplr  oi,  8SS            ^^H 

cauites  of,  54 

mrpuMclpH  in,  53 

bulb  of,  7:ui                           H 

crftssnnipntiiin  in,  42 

Ulrm  of,  746                           ■ 

©(Tect  of  nt'Ulml  salt^  on,  4S 

i'*'ntr:il  jrmv  mnttvr  of,  74*          ^| 

effot't  of  Mxliiim  chloriilv  on,  44 

■ 

*}Hi?cl  of  tempemturi*  on,  47 

«i  ■ 

tibrin  in,  44 

o<iiniiu---iiiiii  noR'^  i>i.  •  "^  1               ^H 

1 

fibrin  fvrnient  in.  5(1 

ivinncction<*  of  gnr  and  vkil«.^| 

rihrinogrn  in,  49 

fl 

in  arteries,  5;^ 

otirpc'i                  IK.  771               ^1 

in  veiiw»  52 

.,771                ■ 

length  of  tim«>  of,  43 

Mray  inAiipr  ot,  773 
CTTptw  «tnnMin!  of,  7fia 

paraglobulin  in.  4»i 

plftftrninf  in,  4>> 

^^M 

mpidilv  of,  43 

7^                   ■ 

serum  m,  45 

j^^^^H 

fternm-allMiniin  in,  4»> 

^^H 

color  of,  54 

^^^H 

bri|D;hln(*M«  o(,  due  lo  n^flcction  of 

L'l  1'  ii-'  I'll  '     "lite  nui4n  nC  7^H 

liXht  lhr<»ii)fli  corpUPH.*l««,  W 

^M.. '     ■            '   V<                                              ^1 

vrnouH  and  arterial.  4fl2 

lliHloIo,-,,             1       .                      ..f.    7W      ^^B 

compoeilion  of,  flV 

inivntf 'h  ""    '"  11  '  tier  ol,  Ti^^l 

gum,ib5 

r7%         ^H 

iMlhods  of  obtAininK.  4A3 

niitut                             ^  df   lbs  ^H 

hirmatin,  4*M 

^H 

fmtun^  uf,  4(i4 

'1.743                 ■ 

rai'thoil  of  obtaining,  l(»4 

^H 

liipmin,  464 

|i«»rf«-t                              <*q              ^B 

iTVNlaln  iif.  464 

^_^^l 

lufraoj^lobin.  457 

^^^1 

cluirm*tpP!«  of,  457 

''^^^1 

lU*"!!!      i             "        :       . 

^^^H 

^|H. 

:^ttM-<7«l    ■ 

VUrilMi._--  <ii     rM»Klt-,    »   ■. 

•iiilHTittr  xr  M^imtry  dflCOMlllli^^B 

^^^^^^^^^^^^^^^^^  i  N  D  SX^^^^^^^^^^^^^IOT^B 

'       Bmin,  iracU  from  con>ora  quadrii^emina  of, 

(Jhevne-Siokes  respiration,  401                          1 

1                 780 

C-hilin,  1034                                              M 

1             venooH  arrangemont  of,  882 
f              white  matter  of,  677 

Cbolalic  acid,  1064                                  ^^M 

Cholesterin,  125,  ^52,  1045                     ^^H 

1      Broca*s  ootiToliition,  8*23 

Choletelin,  1066                                         ^^H 

Bronrbtm  433 

Chondrin,  1033                                           ^^H 

rtructureof,  43ft 

Chorda  saliva,  860                                     ^^^ 

Bronchioles,  433 

tympani  nerve,  nature  and  action  of»   ■ 

Hinjdure  of,  430 

Bimlaeh,  columns  of,  «36 

Chordv  vocalea,  073                                         ■ 

Butyric  ucid,  1040 

Choroid  coat,  889                                   ^^M 

Chromatic  aberration,  907                      ^^^H 

Chyle,  characters  of,  410                         ^^H 

/lALABAR    bean,  action    of,   on  J  pupil, 
V     906 

Chyme,  389                                              ^^^1 

Ciliarv  movement,  164                               ^^^H 

Calnrimclers,  639 

Circles,  diffusion,  895                                 ^^^ 

1       CRpiUiirie!<,  176 

Circulation,  causes  of  irregular  heart-beat,  1 

'              circulation  in,  192,  2.Sfi 

293                             ^                             1 

1              frfim  mescntt^ry  of  guinen-pig,  17(1 

circumstances  determining  character  of    ■ 

^^      prcMHur©  of  blood  in,  ISH) 

flow,  193                                                  I 

^^L     size  of,  177 

eflects  of  alcohol  on,  295                            ■ 

^^P      Ntflgnatton  or  ntaAis,  280 

of  food  on,  208                                    M 

1^^      Biructureof,  176 

fiHal,  1002                                           ^^M 

1               vesaela  of  muscle,  96 

hydraulic  principles  of,  193              ^^^H 

L     Capric  acid,  1040 

influence  of  exercise  on,  290           ^^^H 

1     Ckprnic  nciil,  1040 

Clarke,  crdumnti  of,  685                             ^^H 

1     Oiprylic  acid.  1040 

(>)iitMnf  arteries,  179                                  ^^^H 

f     Carbohvdralcs,  100,  1035 

of  reins,  181                                     ^^H 

f      CarUmlc  iicid  exiialed,  450,  470 

Cochlea,  944                                                ^^M 

Cardiac  coiilrtu'tinn,  features  of,  2oO 

Cold,  nensntions  of,  851                              ^^^H 

curves,  diacnsnion  of,  218 

Color-blindnew,  923                                ^^H 

1             glands  320 

iteiiKations.  919                                  ^^^| 

from  dog*A  atomacli,  321 

ColoHtrum,  625                                            ^^H 

impulse,  211 

Composition  nf  bile,  351                          ^^^H 

phiiitwi,  dunition  of,  222 
tisMie,  features  of,  251 

of  blood,  69                                         ^^H 

of  gastric  juice,  308                           ^^^H 

Carnin,  lOil 

of  milk,                                                ^^H 

Casein.  315,  1020 

of  perapiration,  560                           ^^^H 

CeUbody,  163 

of  saliva,  302                                      ^^H 

Cells,  endothelial,  176 

of  starring  body,  629                       ^^^H 

ei)ithetioitl,  17G 

of  the  animal  body,  628                   ^^H 

goblet,  370 

urine,  52S                                           ^^^H 

pyrumidal,  803 

Concha,  947                                              ^^H 

Central    nervous  system,    rartomotor  fimc* 

Connective  tissue,  174                              ^^^| 

tion*  of,  276 

Constant  cnpcenl,  action  of,  128               ^^^f 

Cerebellar  tract,  course  of,  702 

Contractile  muscles,  106                          ^^H 

1       Cerebellum,  coroun  dentalnm  of,  772 
1               function*  of,  866,  867 

tii«ues,  72,  149                                    ^^M 

Contraction,  breaking,  129                        ^^^^ 

gniy  mutter  of,  800 
bialolngy  of,  $02 

idio-mtiscular,  141                            ^^^^ 

making,  129                                        ^^^H 

superior  pedicle  of,  780 

tetanic,  74                                         ^^^1 

Cerebral  convolutiouR,  areas  of,  810 

waveof,  07,  152                                  ^^^ 

of  the  dog,  809 

Contract  of  visual  perifptiomi,  028         ^          1 

1              cortex,  803 

Co^>rdinated  movementA,  machinenr  of,  790-   1 

1             bemi^phcrvH,  phenomena  exhibited  by 

799                                                                 ■ 

1                  animals  deprived  of,  7S4-790 

ConJ.  spinal,  676                                          ^^J 
volitional  impul<)eK  in,  732               ^^^H 

m           operations,  time  taken  up  bv,  873 

K  Oerebrin,  125,  1017 

Crimen,  887                                                  ^^^H 

r     Cerebro-spinal  fluid,  S7'J 

Corau  ammonis,  '407                                    ^^^B 

nerveft,  161 

Cor|>ora  geniculala,  772                                      ■ 

Cerebrum,  under  surface  or  btuw  of,  IGO 

Corpora  quadrigeroina,  function*  of,  867        fl 

Chungc^  of  Uviug  tinue,  64 

Corpus  ainnlii,  182                                              1 

Charoil'scr^-HtttU,  1048 

luletim.  'AH)                                                 ■ 

Chauvena  and   Lortet'e    hrcmntachometer 

Corptiarles.  connective  tiwue.  174                     ■ 
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number  of,  in  human  bbKxl,  57         ^^J 

Chemicnl  change.^,  llo 

of  blood,  64                                       ^^M 

6f 

^^H 

^I^HI 

"m 

Cortex,  cerebral,  803,  870 

Ear,  oaBeous  labyrinth  of,  947  ^^^^^^H 

liiatology  of,  80S-808 

ossicles  of,  947                                ^^^H 

pHvchicfll  proceascs  in,  871 

I>crilymph,  947                                 ^^™ 

Corti,  orgaii  of,  94.5 

phvsiologioal  anatiimy  of,  940                H 

pilliin*  of,  94o 

stapeditiji  miiacJe  of,  950                          ■ 

rods  of,  yi') 

tensor  tympani  mtude  of^  949               H 

Conical  arcjis,  removal  of,  821 

Eflereni  impulses,  072                               ^^H 

motor  region,  SlO-816 

Klastin,  1034                                             ^^M 

Cramps,  muscular,  153 

Electrical  changes,  113                            ^^^H 

Cristie  acustiea^,  U47 

slimuU,  76                                         ^^^H 

Crystalline  lens,  892 

Electrodes,  non-polarUable,  113            ^^^B 

Crystals,  Cbarcot*B,  1048 

Elcctrotouic  currents,  132                        ^^^B 

Currents,  conatant,  75 

Electrotonus,  129                                              H 

olectrolonic,  132 

variations  of  irritability  during,  131     H 

induced,  75 

Elementary   fibres,  fragments   of   nlriiwd,  B 

of  action,  Ilfi 

95                                                                    M 

of  rest,  no 

Eleventh  nerve,  750                                      B 

Carves  of  endocanliac  pressure,  217 
CntanenoA  senMitionji,  851 

Embryo,  nutrition  of,  999                      ^^^H 

Emmetropic  eye,  901                            ^^^H 

Cyst  in,  1060 

End-plates,  124                                     ^^H 

Energy,  discharge  of,  870                     ^^^| 

expenditure  of,  638                         ^^^H 

|\ANIELL'!^baUerv,75 
V    Death,  1015 

income  of,  637                                ^^^| 

of  mechanical  work,  fHO                ^^^^| 

Decomposition  of  proleids  by  digestion,  1030 

Entoptic  phenomena,  iH)8                       ^^^H 

Defecation,  383 

Knzymes,  1032                                      ^^H 

Deglutition,  376 

Kpidermis,  553                                         ^^^H 

Depressor  nerre,  279 

Epiglottis,  972                                                  ■ 

Dermis,  5.52 

Epileptiform  convQlsioDB,  818,  823               H 

Detection  in  solutions,  1060 

Epithelium   of  the   dnctc,  function*  o^    B 

Developmcni  of  cmbrj'o,  992 

349                                                              fl 

4tf  placviiu,  y97 

Ethylene-luetic  acid,  1043                               ■ 

l^jctrin,  10:(7 

Etii'yiidfne-liictio  acid,  1043                              ■ 

Dcxlro^  ;i04,  1035 

Eustachian  tube,  950                                        H 

Diabetes,  585 

Eupmeo,  487                                                      H 

Diafirnmniiilio  ere,  894 

Eihnlation  nf  aqueous  vapor,  450         ^^^B 

Diaphragm  aa  a' respiratory  miificle,  444 

of  carbonic  acid,  450,  470               ^^^M 

Dicrotiiim,  2'M 

of  organic  mat  tens  451                    ^^^H 

Diet,  normal,  fitU 

Exhaustion,  causes  of,  145                     ^^^H 

modificallona  of,  007 

Expiration,  448                                     ^^^H 

Difl'eren«j  in  renpinilion  in  seies,  444 

Eye,  887                                                 ^^M 

Digestion,  301 

apparent  pikc,  929                            ^^^^| 
cihary  region  of,  889                       ^^^B 

decomposition  of  proteida  by,  1030 

Dilatation  of  arteries,  183 

diagnimmatic,  894                           ^^^^| 

'                         Dioptric  appiiratu-s  imperfections  in,  906 

emnietn>pi[<,  {)01                                ^^^H 

mechanisms,  894 

horiuintal  section  o^  888               ^^^| 

Discharge  of  energy,  870 

hypermetropic,  893                          ^^^| 

Diuretics,  545 

iroaffes  reflected  from,  899              ^^H 
mechanisms  of,  938                        ^^H 

Di  visions  of  ear,  1)40 

of  Hpinul  cord,  *Vi  i 

movements  of,  930                           ^^^H 

r)nlx)is-Uoymond  key,  77 

muscles  of,  931                               ^^H 

Ducts  of  mammarv  glands  t)20 

myopic,  898                                    ^^^| 

DyKpncra,  441,  4^7' 

physiological  anatomy  of,  887              ^M 

pigment  cells  of,  S&<)'                       ^^^B 

1 

presbyopic,  898                              ^^H 

1                        CAK,  940 

I                        Ei    cochlea  of,  D44 

^^^^M 

^^^H 

1                               division  of,  940 

r  ACl  A  L  nerve,  J54                            ^^M 
V         roiirse  of,  754                               ^^^^| 

P                                  Eantuchian  tube,  948 

eiti-rnal,  910 

Fall.ipian  (ul>es,  083                                ^^H 

iniemal,  or  labvrinlh,  943 

Fariidizniinn,  SO                                       ^^^H 

meutas  andit'irios  extemus,  940 

Fats,  complex  nitrogcoous,  IMS          ^^^| 
foriimlion  of,  tifS                             ^^^^| 

membrane  of  Keiysner,  945 

membriiiii  tynipani,  942 

nature  of,  in  adipoee  tla5a<\  616     ^^^| 

niembranoiw  labyrinth,  947 

neutral.  1041                         o^V             ■ 

organ  of  Corti,  946 

their  derirativce  and  aW\e%  1039         H 

^^^^^^^^^^^^^^"                                ^^^^^™                         1 

FeGf!S,S96 

Glottis  widening  of,  975                                       ^^^B 

Female  generative  apporatUB,  9B4 

Glulamidxc  acid,  1060                                           ^^H 

Fibrep,  iiflcroni,  159 

Glutin,  1033                                                        ^^M 

cricrc'nl,  loy 

Glyt^rin,  1i)42                                                        ^^M 

sensory,  loO 

-phoKplioric  acid,  1047                                  ^^^H 

vuso-conptrictor,  270 
v:wo-*lilftlor,  270 

Glycin,  1058                                                       ^^H 

(.Hycogen,  109,  573,  1038                                      ^^H 

oouTBeor,  273 

characters  of,  573                                                   W 

Fibrin,  1027 

conversion   of,    into    sugar    bv   liver,              M 

in  clotting  of  blood,  44 
Fibrinogen,  1024 

^H 

in  muscle,  584                                              ^^H 

Fick's  sprint'  manometer,  226 

in  placenta,  584                                           ^^^M 

Fifth  nervf,  Tofi 

nsea  of,  in  liver,  581                                    ^^^| 

branches  of,  76ti 

GlyeoUc  ncid  aeriea,  1043                                      ^^H 

Flalulenw,  391 

Gmelin's  test  for  bile,  352                                    ^^H 

Fnptal  circnlfttion,  1002 

Goll,  columns  of,  (i86                                             ^^H 

Follicles  uf  hair,  55G 

Gmalian  fuUicIe.  989                                             ^^M 

,           Foo«l,  action  of  bilt?  and  pancreatic  juice  in 

Gray  matter,  166                                                   ^^^H 

smnll  inlestinc,  :^9l 

Grove's  batteni-,  75                                                ^^^H 

chan);es  oi*  In  Uirgc  inteBiinc,  395 

Guanin,  1057                                                           ^^^| 

in  raoutli,  8h8 

Guddcn's  commissure,  ^40                                    ^^^| 

in  small  intestine,  391 

Gum,  nnimal,  1039                                                    ^^^| 

in  stomaoli,  3.S9 

Gofllalory  bulbs,  ItOO                                           ^^H 

eflects  of  fatty  and  carbohydrate.  634 

mucous  membrane,  pliysiological  anat-              ^ 

of  gcliitin  t\Aj  63t) 

omy  of,  958                                                   ^^M 

salt  lis,  <}:{<t 

l>ore^  961                                                   ^^^M 

peplone  lus  (136 
-stuflk  301 

classes  of,  301 

^^^1 

^^^^1 

IJ.KMACYTOMETER  of  Oowers,  58             ^H 
rl     fiiemudriimoiuoter,  Volkmanu'e,  200           ^^^B 

Formic  acid,  1039 

Fourth  ner%*e,  "oil 

Hfleraatachometcr,  Chauveau  and    Lortet'fl,              1 

Fovea  heroisphericar  1'43 
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Funi-iioniil  activity,  inlluenoe  of,  on   eon- 

Haematin,  464                                                         ^^^H 

trictile  tisKUffl,  144 

Hfpmin^  4{t4                                                            ^^^H 

HEemoglobin,  457                                                   ^^^| 

in  red  blood -co  rpusclea,  56                           ^^^| 

pALKN,  veins  of,  882 
U     Gall-Blonea,  368 

Hairs,  556                                                               ^^^H 

Hearing,  sensations  of,  850                                ^^^| 

Ganglia,  Bympathetic,  166 

Heart,  ^06                                                               ^^M 

Ganglionic  vthHclc,  165 

-beat,  augmentation  of,  256                                   1 

Gases  in  bloo<l,  m 

government  of,  by  the  nervous  Hys-       ^^M 

Gastric  and  inteatinnl  movementa.  nervous 

tern,  253                                             ^^H 

meohttnitifns  of,  384 

reflex  inhibition  of,  257                       ^^H 

digeatioD,  cimuuHtauces  affecting,  313 

canliac  cycle  of,  207                                       ^^^M 

acidity,  31 4 

sound  and  tambour,  215                        ^^^H 

temperature,  314 

change  of  form  of,  209                                    ^^B 

juice,  307 

duration  of  the  several  pha!»es  of  (he               1 

action  nf,  on  milk,  315 

CJinliatr  cycle,  222                                                1 

on  proieid.s,  308 
ctieiuicul  charHcterb  of,  307 

endocardiac  prewure.  213                                    1 

methods  of  determining,  214         ^^M 

formation  of  free  acid  of,  349 

Hnit  Bound  of.  212                                           ^^H 

nature  of  the  action  of,  314 

ganglia  of,  244                                             ^^H 

secretion  of,  337 

histology  of,  241                                              ^^H 

Gelatin,  174,  lO-'iS 

cardiac  muncular  tlfsne,  241                  ^^H 

Generative  organs,  female,  OS^l 

structure  of  mammalian,  242              ^^H 

male,  983 

iroi>ul«e  of,  211                                               ^^^| 
inllucnceH  regulating  bent  of,  1^                 ^^^H 

phrsical  anatomr  of,  984 
GUndisaiS 

main  events  occurring  in  ventricle  dur-              1 

general  nature  of,  318 

ing  11  bent,  220                                                      ■ 

of  Hrunner,  374 

negative  pressure,  nature  and  caaN.>s  of,              ■ 

221                                                                   J 

uf  Lielierkiilin,  372 

Glisson's  capsule,  566 

nervcA  of,  243                                                 ^^^M 

(rlobin.  1026 

normal  beat  of,  206                                        ^^^H 

Globiilints  1023 

analysis  of,  247                               ^^H 

filomeruli  of  kidney.  517 

development  of,  246                     ^^^| 

Glottlx,  narrowing  of,  974 

regulation  of  best  of,  240                           ^^^| 

■ 

^^^^"                     ^^^^^^^^B 

^H 

Heart,  second  sound  of,  212 

1  A(  1  )H'.S  uicmbrnne,  891            ^^H 

^^^^^1 

Bounds  t»f,  i!12 

^^^H 

BUiziniarv  of  events  oousUtutlne  &  beat, 

Juice,  gafitric,  3U7                          ^^^H 

^^^^1 

224    ' 

actinu  on  Limtcidflt  909  ^^^H 
anigrial,oOVI                     ^^^1 

^^^^1 

TAlven  of,  207 

^^^1 

venlricular  sy^lolos,  20S 

oomponilon  of,  30H               ^M 

^^^^1 

risiblf  uioveinentK  of,  206 

pancientic,  354                                H 

^^^H 

work  do»€  hy,  22ft 

aftlon  on  food-itaffis  355       V 

^^^^1 

Hiia!,  sensalions  of,  H51 

^1 

^H 

Ildmholtx's  urmugeuient  for  emiAliting  the 
mikke  »nd  brenk  Aliocka,  SI 

l/ATKLE(TRuT(>N-irs,  131            fl 
iV     Kemiin,  10:H                             ■ 

^^^^1 

pJiiikoscope,  tfOO 

^^^^1 

HenuamblyopJ:i,  843 

KidnevR,  oil                                           ^M 

^^^H 

llcmiandpia,  S4;i 

I'Vrrein,  pyramid*  <i(^  MX      ^^^H 

^^^1 

HeiuiauojiHia,  -S-t*') 

Klomeruli  of,  517                     ^^^| 
Ilenlc,  Ifxip  of,  515                 ^^^H 

^^^^1 

Hemiopia,  S-13 

^^^1 

Hcnle's  nheaih,  123,  164 

MtUpiglii,  pyramid  of,  512    ^^^| 

^^^^1 

Hibernation,  051 

Malpighian  captnile,  51K              ^M 

^^^H 

Hipporampal  lobule,  849 

nerrcM  of,  •^>23                         ^^^^M 

^^^^1 

Hippuric  atid,  10U2 

MtrtiL'ture  of.  5!]                      ^^^^| 

^^^H 

fopiniilion  of,  542 

tubtili  uriniferi,  512               ^^^^| 

^^^1 

Hi«.iohn'miitin,  107 

vasoul4r  arranKcmcnUi  of,  521     ^M 

^^^^1 

Horopier,  935 

v»M)-dlIji'r.r  norrm  oi,  fi3A            H 

^^^H 

Huraon  brain,  oomenclature  of  the  sorfKce 

vawv.                    ■cnratoCAM      S 
vn«oi[<'                   inran*  01^530     ^| 

^^^H 

of,  S2-J 

^^^^1 

ovnm,  987 

Kini                                              ^^^H 

^^^H 

Hvttloid  membmncof  eye,  S90 

^^M 

^^^H 

Hydrobilirubin,  1067 

Krt-niiiMii.                                     ^^^^H 

^^^1 

Ilyi^tcrnaa,  4hV 

Kvini»Kr»pb,  IVM)                           ^^^H 

^^^H 

llypnolic  pboMrs,  831 

Ludwi^V  mi                       ^^H 

^^^H 

Uypoglowal  nerve,  749 

KvDurenic  arid,  1058                    ^^^H 

^^^^1 

oonree  of,  740 

^^^^1 

^H 

Hvpoxnnlhin,  1055 

T  ACTKAUs  396                      ^^M 
L     Lactic  uM,  1043               ^^^M 

^^^1 

^^^H 

1 MAGK,  formaiiun  of,  8M 
1     liijperfwt  spcwb,  am 

Ltuiiinr  in  a  hardaoed  taa,  M[^^^| 

^^^H 

Latdjuyin,  KICK)                           ^^^1 

^^^H 

Irapni'gnLiiiun,  ".'92 

Liu^  inu*8tine,  3T4                      ^^^| 

^^^^^1 

lmuui!»e,  ncrvuas  120 
Indican,  I  OCT 

Qiovuuenls  of.  .^'U          ^^^H 

^^^H 

Larynx,                                          ^^M 

^^^1 

Indigo.  106$ 

(unilajitei  of,  V7 )                      ^^H 

^^^^^1 

wrii»,  1007 

fsvitv       873                          ^^^H 

^^^H 

IndoK  :va\,  lt>t.S 

iuuftcl<4(  of^  1>73                    ^^^^^^ 

^^^1 

Indut^tion  coil,  77-7y 

pbyaiulofnnl  aiialony  «C  97^^^^ 

^^^^^1 

Lnn:iniiii;iti(m,  plienomena  of,  287 

vocal  cords,  973                              H 

^^^H 

Infundihnla  of  lunRH,  433 

!                                                               ■ 

^^^H 

f^inicturo  of,  434 

t.  ItMO                       ■ 

^^^^1 

lDbibilir>D,  feature  of,  254 

^^M 

^^^1 

of  frog's  heart  by  i»timiilation  of  ragus 

iMtterv,  T&                   ^^^H 

^^^^1 

nerve,  254 

-^^H 

^^^^^ 

Inhibiton--  nerTe»t  171 

Lfeiit-'oiviiii. '■-  .     .  1   '.r  •.ffri'-f^*    ^"T^^l 

H~ 

Inojtt'U,  117 

of  whiti*  .                                            ^H 

H 

Ir.>^i(.  1037 

I^'Uknia:u;w  -     h'-"'.'                                          ^H 

H 

Iiiii|iirntion,  444 

U(v,  ,.N              1   H- 1014                  ■ 

fc 

In*  -  '    '   '  -  ''     '■■■  raspimiion,  447 

!■:                                                                   101 

■ ^^M 

^H^H 

[U..                   .       .  ■-:,      '.'l 

^^H 

^^^H 

Intestine,  glandn  ol,  3tH) 

^^H 

^^^^1 

Iftrge.  37 1 

^^^^^^^^1 

^^^H 

ffKXTtal  feature*  of,  374 

^^^^^1 

^^^^1 

mucouA  ravtnbrmne  of^  306 

^^H 

^^^H 

BOiall.  »it5 

^^H 

^^^^ 

Hpet'inl  feature*  of,  305 

^^^H 

^^^^1 

Htnirtutv  of;  366 

'^^^^1 

^^^^1 

Iris  >*8i' 

^^^^1 

1 

Irrndiatiuu,  92S 

'  rn          ^^^H 

^^^^^^^^^^^^^^^                                T^^^^^F                   ^M 

^mrrM±rrr  ot,  m 

Metamcre,  neund.  160                                     ^^^^| 

WSSm^^i^ 

Methit'moglnbin,  464                                        ^^^^| 

~ TfliMwof  1nn^  433 

Meynert'6  commissure,  840                                  ^^^^ 

Lodwig's  kvmograph,  190 

Microdrganismfi,  action  of,  in   alimentary         ^^H 

Btroinuhr,  201 

canal,  393                                                            ^H 

Lungs  431 

Micturition,  548                                                         ^^H 

olvooli  of,  433 

inroluntary,  550                                                 ^^H 

atelectatic,  43y 

nervous  mechanism  of,  549                            ^^H 

capacity  of,  440 

votuntarv,  550                                                    ^^H 

function  of,  431 

Middle  ear,  942                                                       ^H 

infundihula  of,  433 

Milk,  human,  t)23                                                      ^^H 

lymphutica  of,  437 

composition  of,  624                                            ^^^| 

nervet*  of,  43H 

coniititucntjf  of,  B23                                            ^^H 

pressun-  exerted  in  bnrattiing,  440 

quantity  secreted,  624                                        ^^H 

slniclure  of  mamumlian,  433 

accretion  of,  625                                              ^^H 

Lyaiphatiu  jflands,  structure  of,  405 

sanr,  1036                                                      ^H 
M  il  Ion's  reag«ot,  45                                               ^^H 

sj-stem,  390 

vessels,  atruciuro  of,  397 

Morse  key,  77                                                          ^^H 

Lyinph]iti<s,  origin  of,  399 

Motor  area,  characteristics  of.  806                         ^^1 

Ljmph-cnpillBries,  3^*7 

for   leg,   arm,  and  face    in   man,          ^^H 

chonu'lcrs  of,  409 

poaicion  and  relative  extent  of,           ^^H 

chemical  coin(>OHilion  of,  403 

-hearts,  stmclure  and  fnnctiona,  418 

MovemenU  of  heart,  2<Ni                                       ^^M 

inieniscopic  ohomcters  of,  409 

of  limlw,  829                                                       ^H 

nicivemenis  of,  411 

of  pupil,  901                                                   ^^H 
skilled,  K20                                                      ^H 

Mucin,  302, 1032                                                     ^H 

l|ACUL<«  aciw.tict«,  947 

ill     Ma^etic  inlerruptor,  HO,  92 

Mucous  gland,  changes  in  during  secretion,          ^^H 

Male  generaiive  anpiimtiiis  985 
glAiulti,  V-sil 

glands.  325                                                        ^H 

MuHTtH  vtditantcs,  90S                                                 ^H 

prostate,  9^(1 

Muscle  and  nerve,  degree  of  irriubilib-  of,          ^H 

semen,  9SH 

UO                                                ^M 

1                                spermatozoa,  988 

experiments  with,  78                                  ^^H 

1                                t«iticles,  9StJ 

phenomena  of,  73                                    ^^H 

'1                             ttinica  albuginea.  986 

caise,99                                                            ^H 

VU6  deferens,  UH7 

chemistry  of,  104                                               ^^H 

vesicuhe  wtiiinales,  988 

contnictinn<e,  simple,  H2                                    ^^H 

Malpighian  rapt^nle,  51 1> 

currenlfs  113                                                   ^^H 

slruciure  ol",  516 

curve,  83                                                          ^^M 

MaUow,  304,  I03fi 

double,  90                                                ^^1 

Mamillary  glaml-t,  620 

from    the  gastroCDeadus   of   the        ^^H 

changes  occurring  iDt  622 

frog,  83                                                     ^M 

relation  to  nervoui  system,  627 

single  induction    shock    repented          ^^H 

secretion  of  milk,  625' 

rapidly,  91,  92                    ^H 
slowly,  91                                  ^H 

8tmclur«,  620 

Manometer,  uiercurv,  189 

dead,  105                                                              ^H 

vcnou-M,  196,  19t 

during    contruction,    changes    taking          ^^M 

Marepr's  tambour  with  cardiac  sound,  216 
Mastication,  375 

place  in,  94                                                   ^^H 
ena-plate$)  of,  96                                                  ^^H 

energy  of,  147                                                   ^^H 
Muscle  fibres,  elementary,  94                                    ^^H 

214 

MaxwelFfl   method  of  fiimng  color  aenaa- 

microacopic  cliangefs  102                           ^^^| 

tinnn,  919,  924 

-nerve  proparntion,  75,  130                             ^^H 

Mechanisms,  diootric,  894 
of  ftcconsmotliilion,  .H98 

as  a  machine,  135                               ^^^| 

ploKnio,  106                                                          ^^^1 

locomotor,  980 

eartorius  of  frog,  97                                           ^^H 
riztf  and  form  of,  140                                       ^^H 

Medulla,  122 

Membrana  tympuni,  947 

stapedius,  950                                                  ^^H 

propria,  179 
Membrane  of  Reiasner,  946 

stmctore  of,  94                                                ^^H 

snbfftance,  striated,  99                                        ^^H 

Men'^truntion,  987 

under  polarized  light,  103                               ^H 

Mercurial  gas-fmrnp,  Ludwig's  452 

Muscitlar  and  nervow  action,  nature  of,  140           ^^M 

MeluUtlinni,  general  features  of,  652 

irritaliility,  73                                  ^^H 

inlKienoe  of  nerve«  on,  657 

contraction,  single.  74                                      ^^H 

U-.'tubolites,  nitrogenous,  1048 

simple,  74                                                  ^^H 

1078 
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Muscular  bbre  cells  from  human  urteries, 
150 
slraatare  o^  00 
irritability,  74 
netwe,  9*'>8' 

Bobslance,  striated,  fif* 
lisaiie,  plain,  161 
unstriftted,  119 
Myoglobiilin,  107 
Myograph,  pendulum,  y6 

spring,  H(> 
Myosin,  105,  1025 
MyosinogcD,  1(»7 
Myristio  acid,  1040 

NASAX  foasa,  right,  &56 
foasffi.  965 

physiological  aoHtoaiy  of,  965 
Nerve  and  muscle,  electric  currents  of,  114 
cells,  cTonpin^  of,  Csii 
of  spinal  cord,  167 
variiitions  in,  608 
centre,  IttS 
chemifllry  of,  1 25 
eighth  or  luidJtorA',  751 
eleventh  nr  Rptntil  acccsmry,  750 
endings  in  striated  muscular  fibree*,  123 
ribre,  medullitud,  120 
tibrrs  in  retina,  connections  of,  891 
liflh  or  tri^minal,  755 
fourth  or  tn)ohIcar,  759 
nintli  or  plo?No-pharyngeal,  750 
roote,  connections  of,  091 
wventh  or  facial,  754 
sixth  or  aUlucena,  754 
structure  of,  US 
tenth  or  vaguH,  750 
tetanir-ation  of,  127 
tbird  or  oculo-motor,  759 
twelfth  or  hypoifloasal,  749 
lubes,  human,  120 
Nerves,  degenerution  of,  141 
electric  currents  in,  127 
Nervous  impulse,  12d 

chtuiircs  in  nerve  during   panago 

measurement  of  velocity  of,  88 

svstem,  cenlral,  ICO 

tiHsucs.  general  features  of,  169 
J^eurin,  125,  1047 
Neurokeruiin,  122,  126 
Neutral  fnt«,  1041 
Nicol  prism,  102 
Nitrate  of  urea,  1049 
Nitrogenous  motaMisni,  633 

nietabolito^  104.S 

non-cry  stalHue  bodies  allietl  to  proteids. 

Nodes  of  Ranvier,  119 
Niiclein,  ItXH 
Nucleo-nlbumin,  1035 


<Ii>Iema,  417 
CKflopbaguB,  3o0 

movemenUi  of,  379 
muscles  of,  331 
nervous  itupply  of,  331 
Htnicture  of,  330 
Oleic  series,  acids  of,  1041 
Olein,  1042 
Olfactory  mucous  membrane,  ceils  of,  fldii 
I  sensations,  S49 

Oncograph,  r»y2 
Oncometer,  531 
Optic  radiation,  841 

thalamus,  7tJ2  _ 

Organic  matter,  eihalaUon  of,  451 
Organs  of  Corti,  0-i5 

of  reproduction,  983 
Ovaries,  985 
Ovum,  989 
Oxalate  of  urea,  1049 
Oxalic  acid  aeries,  1044 


l)ALMiTI(.'  acid,  1040 


OCCIPITAL  region,  prominence  of  nu- 
clear colbi  in,  806 
Ocular  hpectra,  929 


Palmitin,  1041 
Pancreas,  328 

chanj,'es    in.    during   lecretioi^ 

of  dog,  section  of,  329 
of  rabbit,  340 
structure  of,  328 

Pimcreatic  juice,  354  

action  of,  on  fats  and  slarrli.  257 

on  food-stnifa,  355 
charatrtcpB  of,  354 
aecretion  of,  359 
Papilla^,  circumvallule,  959 
Hliform,  l>5y 
fun^orm,  i*59 
Para^lnBulin,  1023 

in  the  clotting  of  blood,  40 
Paralysis,  crossed,  832 
Para|>entonc,  312  ^^^ 

''"Ji'o  gland,   nervous   mechnniB^7 

33  J 
Parturition.  1005 
Pendubini  myograph,  86 
Peptogenousfoud,  350 
Peptones,  312, 1027 

Pejjsin,  314  

Perceptions,  general  senaibilitT  and  tiiclik 

9r>3  ■  ^ 

modified,  927 
Peristaltic  movements,  378 

inflnenres  l^aring  on.  388 
Perivascular  lymphatic*,  398 
Perspiration,  559 

Pettenkofer's  test  for  bile  salts,  85flL  U 
Peyer's  patches  404 
Phcnylic  acid,  1003 

Physostiginine,  action  of,  on  pupU.  WW 
Pituitary  U»dy,  (ilO  'ft 

Plasmine,  in  clotting  of  blood,  48 
Pons  Varolii,  731     ' 

gniy  matter  of.  771 
Poflterior  column  of  spinal  mid,  077 


^^^^^^^^ 

Presbyopic  eye,  8t>8 

nAX\^IKR'S  node.  110                                  ^J 
Ik     KapiditT  of  circulation,  19y                      ^^H 

Preasarej  arterial,  1^6 

Pressure  in  capillaries,  102 

in  capillaries,  203                         ^^^| 

in  veins,  ISti 

TciuH,  203                                  ^^^1 

Producu  of  digestion,  course  taken  by  {»U, 

of  clotting  of  blood,  431                   ^^H 

I                                               420 

Reaction  of  urine,  528                                     ^^H 

by  proteidfif  '121 

Rectum,  structure  of,  375                                 ^^H 

bysugw,  421 

Red-blind,  923                                                      ^H 

by  wftter  and  sal  U,  420 

blood -oorpaiclcft,  54                                   ^^H 

Proprionic  acid,  1040 

counting  of,  58                              ^^^1 

ProsUte  p;land,  9S4 

uppiinitus  for  the,  58           ^^^| 

Prota^jn,  125,  1047 

Proleid  txMlies,  L-haracters  of  the  more  im- 

diumtiter of,  54                            ^^H 

(iixintegmtion  of,  59                     ^^H 

portant,  309 

nnrubcr  nf,  57                                   ^^H 

Proteids,  1018 

dhape  of,  55                                   ^^H 

clajyiitication  of,  313 

structure  of,  54                              ^^^^ 

L                     coagnliitcd,  1027 

decomposition  of,  by  dig(»tion,  1030 
^                     general  composition  of,  44 

«itudy  of,  54                                 ^^m 

marrow  in  Imne,  a  source  of  red  cor-           J 

puaclets  tfO                                                 ^^J 

lantlioprotoictesl  for,  4A 

Hetlex  actions,  108                                               ^^M 

Protoplasm,  3*1 

nature  of,  108  ^                                 ^^1 

P»eiido|MMlia,  l.'»7 

of  spinal  cord,  711                                ^^^| 

Psvclwral  pro<*e««»,  duration  of,  874 

inhibition.  257                                              ^^H 
Refraction,  894                                                     ^^H 

Plbmninei,  394,  451,  1069 

Pulp  of  spleen,  r»S',) 
Pulse,  22fi 

Reflation  of  heat^.fVH                                    ^^H 

Reiiencr,  membrane  of,  945                                ^^H 

1                      anacrotic,  234 

Remak's  ganglion,  244                                        ^^H 

1                       katarrotic,  234 

1                     metho<l}«  of  recording,  220 

I                      venous.  239 

Rennin,  3 It)                                                           ^^1 

Reproduction,  983                                                ^^H 

corpus  luteum,  990                                     ^^H 

Puiw-curro,  characters  of,  231 

of  meant  matinn,  990 

Palae-currea  described  by  sphy^ographic 

of  pregnancy,  99U 

leveR,  229 

development  of  embryo,  993 

I*ulw-tracm>;  from  an  arti6cial  model,  230 

allanloijs  995 

from  carotid  arterv  of  healthy  man, 

pincciiui,  997 

2:54 

Ncunifniniion  of  ovum  in. 

Pnlfic-wave,  anacrotic,  canses  of,  239 

993 

changes  of,  along  the  arterial  trad. 

vascular  area,  994 

232 

Grmalian  follicle  in.  989 

dicrotic,  235 

impregnation  of  ovule,  992 

cause  of,  235 

menstnution,  989 

features  of,  230 

organs  nf,  9S:i 

I                            length  of,  234 

Fallopian  tubes,  9K5 

^K                        predicrotic,  239 

male,  985 

^H                        velocity  of,  '2li^i 

ovaries,  985 

^^        Pupil,  movements  of,  901 

utenu,  984 

nerves  governing,  1*03 

vagina,  984 

Purkinj'*,  cells  of,  SOi) 

ovule  in,  lft»2 

Purkinjc  H  Hgiires  1*09,  91 1 

ovum  in,  9M9 

Pvloric  glantlH,  323 

spermatozoa  in,  992 

P'vrnmidal  t-dl*.  «al 

Respiration,  431 

pyrexia.  (M9 

absorption  of  oxygen  in,  467 

Pvriform  ganglionic  ncrve-ccll,  structure  of, 

apno'n  in,  490 

'         163 

apparatus  for  taking  tracings,  442 

[                    lobe,  849 

asphyxin  in,  441.  492 

H 

phenomena  of,  493 

If 

i*arbouie  acid  uxh:ded,  amount  of,  450 

[             /-VlTADRKiKMINAL  iKidies.  772 

XJ    Quantitv  of  aqueous   vapor  exhaled. 

changes  of  air  in,  449 

Cheyne-Slokes,  491 

460 

corapleruenlal  air  in,  430 

I                   of  blocKl,  71 

dvfipn<T-u  in,  441,  4H7 
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r            Quality  of  feoun.i.  951 
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sure,  495 
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^^^^H             expiration,  448 
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Sanlorini,  enrtilage  of,  972                       ^^^| 

^^^^H             inlliieQce  of  ra^us  nerves  on,  47K 
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inner  surface  of,  S',12 
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tubercle  of,  745 
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Saliva,  302 
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action  of,  on  ittarrh.  303 
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^^^^^^^^^^^^^"                                    ^^^^            1081  1 

^^sESTwcrclion  of  tiwent,  mecUnnism  of,  562 
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structure  of,  .^51 
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chemical  constituents  of,  595                  ■ 
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contents  of,  ItUl 
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movements  of,  383 

movemenu  of^  o93                            ^^H 
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RotiA  1042 
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Sound.  y-:»i 

Spring  uianometer.  Pick's,  22<1              ^^^H 
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quality  of,  it51 
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SphvgmoKraph,  Uudgeon's,  227 
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■  Mare  v's,  227 
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of  nreter,  546                                ^^^H 
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1                 nature  and  action  of,  358                 V 
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^H                       budK,  <lt)0 
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^                      gustatory  bulks  ^''0 

relatinuH  to  cyanogen  compounds,  MH 
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^^H                       sensationa  of,  HSO 

Ureter,  structure  of,  546                           ^^H 
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Uric  acid,  525,  (>05, 1051                        ^H 

^H               Taurocholic  acid,  1065 
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^H               Temperature,  t^-lS 

Urine,  524                                              ^H 

^^^                      elTecta  of  grent  cold  on,  t\o\ 

abnormal  conntitucntti  of,  528          ^^H 

^^^^_^                       of  grvat  heat  on,  (150 
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^^^^^H               influence  of  food  on,  040 

sugar,  529                           ^^M 

^^^^^^^                       on  contractile  tissiieii,  142 

acidity  of,  528                                 ^^H 

^^^^^^^K               of  rouMTular  action  on.  H46 

amount  of,  527                                  ^^H 

^^^^^^^P               of  time  of  duv        <>49 

composition  of,  528                          ^^H 

^^^^^^        of  bodj,  f>43 
^^^^H               of  rariousnuiroaU,  643 
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Eippurjc  acid  in,  525                        ^^ 

^^^^■^               pyrexia,  049 

^^r                      sensaliooM  of,  851 

inorganic  salts  in,  525 

^^m              Tensor  tympani  muscle  of  ear,  947 

non-nitrogenous  conttlituents  of,  526 

^H              Tenth  nenre-,  760 

normal  organic  conutiUients  of,  624 

^H              TeeticleA,  986 

pigments.  H2ti,  1067 

^H               Tef»U  for  bile,  3.>3 

reaction  of,  528 

^^H               Tetanic  c<^]nlr»ctionH,  74,  90 

relationi*  of  secretion  of,  U)  food  and 

^H              Tetanus,  90 

drink,  544 

^^H                       contrnctiouct  in,  138 

secretion  of,  529 

^^H                 Thalami  optici,  770 
^^m               Tbcrmul  changes,  111 

glomerular,  539                         ^h 

bpecitic  gravity  of,  524                     ^^H 

^H                Thermopile,  111 

urea  in,  524                                        ^^H 

^^H               Tliird  ncrvn,  7o9 

uric  acid  in,  5*25                                ^^^| 

^M              Thorocif  duct,  397 

amount  of,  in.  525            ^^M 

^^B                XhymiiH,  ftincUuus  of,  613 

UriniferouH  lubulcA,  512                          ^^H 

^^1                       stnicture  of,  813 

Urobilin,  U>)7                                           ^^H 

^H               Thyroid  Ixxiy,  607 

Uroervthrin,  1067                                  ^^H 

^^m                               functions  of,  609 

Uterus  984                                                ^H 

^^H                               fliniolnre  of,  607 

uteri,  985                                       ^^^| 

^m               Tidal  air,  438 

t<iructure  of,  984                                ^^H 

^H               Tisenw,  contractile,  7\l 

UtricK-:!)  of  ear,  947                                  ^^M 

^H               Tongue,  95t> 

^H              Tonic  coDtmction,  164,  817 

H 

^m               Trachea,  435 

UAfilXA,  984                                       ^H 
T      Vagus  nerve,  760                           ^^H 

^H                      structure  of,  435 

^^H                Tniciug  from  lieurt  of  cat,  210 

Valfrianic  acid,  1040 

^^H                       of  reftjiinition,  44'^ 

VolkmiinnV  hii*m»ilromniDctcr,  200 

^^M              Transudation,  phenomena  of,  414 

Volvi-s  of  ht-arl,  182 

^^M                Traulie-IIering  vaiintiom},  884 

V!iri<tiis  fikruit*  t)f  Mimuli,  75 

^^H               TrigcminnI  nerve,  755 

Viiscnhir  arrangement  of  the  kidney,  521 

^H              Trochlear  nerve,  759 

mechanism,  173 

^H               Tr>-twia,  340 

Viw  duterenis  !t87 

^^V               Trvi^inogen,  347 

Vnso-constricUJr  fibrea,  court«  of,  275 

^^M               Tu\)uIeH,  uriniferouti,  512 

nerves,  161 

^^^^H        Tunica  albu^ineu,  986 

-<lilntor  fihn.«,  course  of,  274           ^m 

^^^^H 

-motor  actions  2(V>                           ^^H 

^^^^^               intima,  179 

i.'l)ect«  of,  275                    ^^M 

^V                      oie^lln,  179 

Veins                                                         ^H 

^^^^       Tunidn,  Um 

blood-prcsHurc  in,  186                    ^^M 
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Veins,  circulation  in,  rapidity  of,  203 

coats  of,  181 

elasticity  of,  184 

structure  of,  181 

valves  of,  182 

vasomotor  nerr^  of,  286 

with  valves  closed,  182 
open,  182 
Velocity  of  blood  in  arteries,  199 
in  capillaries,  203 

of  the  pulse  wave,  233 
Venous  pulfie,  239 

sinuses,  883 
Vertigo,  phenomena  and  causation  of,  795 
Vesiculie  seminales,  988 
Vibrating  tuning-fork  with  Despretz  signal, 

87 
Vierordt  hfpmatachometer,  202 
Villi,  characters  of,  369 

structure  of,  370 
Vision,  909 

binocular,  930 

in  raan,  apparatus  of,  838 

region  of  aistinct,  927 
Visual  field,  837 

impulses,  origin  of,  909 

judgments,  936 

of  dbunce,  936 
of  size,  936 
of  solidity,  937 

movements,  coordination  of,  933 

perceptions,  926 
contrast  of,  928 

purple,  913 

sensations,  836,  909 

white,  914 

vellow,  914 
Vitellin,  1026 
Vitreous  body,  893 
Vocal  cords,  973 

movements  of,  975 


Vocal-cord&  slackening  of,  975 

tigntening  of,  976 
Volitional  impulses  in  the  cord,  832 
Voluntary  movements,  808,  826 

action  of,  on  the  lower  animals, 
809 
Vomiting,  381 


WATERY  vapor,  exhalation  of,  450 
Wave,  contraction,  98 
White  blood-corpuscles,  61 

chemical  examination  of,  G2 

migration  of.  66,  288 

movements  of,  64 

nuclei  of,  61 

number  of,  61 

origin  of,  65 

proportion  of,  to  red,  61 

size  of,  61 

structure  of,  61 

transformation  into  red,  67 

work  of,  66 
White  matter,  125, 166 
Willis,  circle  of,  881 
Work  done  by  heart,  225 


XANTIIIN,  1056 


Xanthoproteic  test  for  proteids,  45 


VOUNG-HELMIIOLTZ  theorv  of  color 
1     sensations,  922-924 


ZINN,  zone  of,  893 
Zona  pellucida,  992 
spongioso,  682 
Zymogen,  347 
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ID   the  2S  qnarto  pages  of  each  l«flue  the   lutc%t   and   heat    inforninlinn  on  aiibjrcta  of 

importance  and  value  to  practitioner*  in  all  branches  of  medidne.    Tlie  foremost  writer*, 

teachen  and  practitionen  of  the  day  fiimtah  original  articles,  clinical  lecture*  ami  notes 

{QnUinued  on  fwx<  pagt.) 
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THE  HEDICAL  NEW5 — Continued. 

on  pmctical  advAnoes;  th«  latest  methods  in  leading  hoApiuls  are  constanll/ reported ; 
a  condensed  summary  of  progret»  is  gleaned  each  week  from  a  largo  exdiange  l»t,  com- 
priaing  the  Iwst  journals  al  home  nnd  abroad ;  a  aiwcial  dei-artraenl  is  assigned  to  ahsiracu 
re<iuiring  full  treatment  f'tr  pmper  preitenlation ;  eilitorial  articles  are  iccuTed  from 
writers  able  to  deal  instructively  wiiii  queetions  of  the  day;  book*  aie  carefully 
reviewed;  society  proceedings  are  represented  br  the  pilh  alone;  regular  rorrespondenc* 
is  furnished  from  important  medical  centres,  ami  minor  matters  of  interest  are  grouped 
each  week  under  news  items.     In  a  word  The  Medical.  Nkws  is  a  crisp,  fre^i,  weekly 

J>rofef«icnal  newspaper  and  as  such  occupies  ii  well-uiarked  sphere  of  usefulness,  diaiinrt 
rom  and  complementary  to  the  ideal  monthly  magazine,  The  Amekican  JoCR»al. 
OP  THE  Medical  Sciences. 

The  American  Journal  J 

of  the  t 

Medical  Sciences       * 

The  Auerioar  Journal  entered  with  1894  upon  its  Beventy-fifth  year,  still  male- 
taining  the  foremoat  place  among  tlie  medical  magazines  of  the  world.  A  Tigoroiu 
existence  during  two  and  a  half  generations  of  men  amply  proves  that  it  hiA  u«liyi 
adapted  itself  to  meet  ftilly  the  requirements  of  the  time. 

Being  the  medium  chosen  by  the  best  minds  of  the  profession  dtmng  this 
period  for  the  presentation  of  their  ablest  jiajwrs,  The  Amxrtcan  Jothnal  has  well 
earned  the  praise  accorded  it  by  an  unquestioned  authority — '*Ff^itn  ihin  filt  nlnnr^  wer<!  nU 
otAtr  piiWiro/ion*  of  the  press  for  the  last  fifty  ytars  dtftroi/ett^  it  ttwifd  ('<  }K>s»ibU  to  rrprodvet 
ihe  gretit  mnjority  of  the  real  enntributinnA  of  the  irorW  to  medieat  »«>«<•»•  during  (hat  peritidJ* 
Original  Articles  Reviem  and  Progren  of  the  Medical  Sciences  constitute  the  three  tuaia 
departments  of  thu  ideal  medical  monthly. 

COMMUTATION  RATE. 

Taken  together,  The  Journal  and  The  News  atibrd  to  medical  readers  thesd- 
Tantagesof  the  monthly  magazine  and  the  weekly  newspaper  Thus  all  the  lienefitxof 
medical  periodical  literature  can  be  secured  at  the  low  figure  of  $7.60  per  annum. 


Published  Monthly 

at  $4.00 

Per   Annum. 


Suhaerihera  ean  obtain^  at  the  done  of  each  ro/umr,  ehth  aivers  for  The  JorRITAL  U 
*aUy),  and  for  The  News  {one  annxuiU  —       _  — 

JotrftNAL  cova-j  and  Fifteen  Cent^for  The 


Ofiniia//y),  and  for  The  News  {one  annwiUy),  free  btj  inaiif  by  remiuiny  Ten  Oentt  far  Tbx 

News  con 


cover. 
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la  publisliwi  in  fniirslvles,  Weekly  (datetl  for  oO  patienu);  Monthly  (undated,  for  120 
patients  per  month);  Perpetual  (undated,  for  30  patients  weekly  per  yeir);  and  Per* 
petnal  (undutetl,  for  60  pntients  weekly  per  year).  The  GO-p:itient  Peri>etual  oooaisti 
of  25(J  page*  of  assorted  blanks.  The  tirst  three  styles  contain  32  pages  of  iwportaal 
jdata  and  17G  pages  of  assortetl  blanks.  Each  style  is  in  one  wanet-5hui>ed  lxx>lc,  leather' 
Ibouud,  with  {Kfcket^  pencil,  rublter,  and  catheter- scale.     Price,  each,  $1.25. 

TbU  IM  in  all  that  caiiltl  be  iI(<Rired.  It  coo- 
'Uinii  A  TmfttKmtmnt  of  uiw>rul  liifonnBlfun,  wipaci' 
.ally for (<rDergeDct«(>, and  t^^ft^  R<x>d  TaMch  ofdwes 
dUd  lhmT%p«aUCB.—  OtnnduiH  Praftttwntr. 

!(•  comuftctiivNii  Bnd  i*in))tlicll}'  »rtf  -luch  as  to 
IndlcAte  tfiKt  tti«  liUhfiil  point  of  |>firf«<rtlnn  has 
been  rraofiM  in  workc  of  this  claM*.— t'"irflr*ifv 
JUt'Wfii  MngaziT,-. 


The  n»w  !»»ne  nialotalDB  It*  j-reTfmi»  roputatloa. 
It   H  !  .  '''In  ererv  f-c^  '  '■  -K«wp4D||; 

thf  rallKiDU?t«f  •    recor*lit; 

it  tr  .  <  i(h  a  ready  r-  .fab-l*u«r 

Id«Ipa,   Hint    haw   a   motft    Taliiitt'U'    t«zi. — Midttai 
Rtrora. 

Pnr  ponvenl^Doe  and  elegance  11 1«  ooi  imi 

able.  — 06«UfrM  QnutH. 


SPECIAL  COMBINATIONS  WITH  THE  VISITING  LIST,  aee  p.  1. 

ti^The  safest  mode  of  remittance  is  by  Imnk  check  or  postal  money  order,  drawn  to 
(he  order  of  the  unilersi^nc<l ;  where  thesearenot  accessible,  reiutttanc«s  for  subscriptioM 
may  be  sent  at  the  ri^k  nf  the  publlahera  by  fom-arding  in  re-giatertd  Icttcn  addre«*d  to 
the  Publishers  (set'  Ih'Iow). 

The  Medical  News  Physicians'  Ledger. 

Containing  Mtxi  paices  of  tine  linen  "  ledeer  "  imper  ruled  so  ihut  nil  the  niTcnLnts  of  a 
large  jirnctice  may  l>e  conveniently  kept  in  it,  either  by  sioKlp  or  douMe  enlr}-,  f-"!  a  loo? 
perioiL  Strongly  bound  in  lenther,  with  cluth  siiks  and  with  a  |iat*nl  ll^xdil**  Ifliok 
which  peruul-^  ii  to  lie  iterfectly  tlat  when  ojiened  at  any  plice.     Price,  ^  <»0. 


t«Q  Brothers  4  Co..  PubfrsAera,  706,  708  A  710  Sansom  S(r09t.  Phi/od^fphm. 


Medical  Dictionary,  Quiz  Manuals. 
THE   STUDENTS' 

DICTIONARY  OF  MEDI61NE 

AND  THE  ALLIED  SCIENCES. 

COMPRISING  THE   PROKUSCLATION,    DERIVATION    AND   Fl'LL  EXPLANATION   OF   MEDICAL 

TEBJiIB;    together   with    much    CULLATUIAL  PESCRim'IVE    UATTIUlf 

NCMEROVS  TABLES,   ETC. 

By   ALEXANDER    DUANE,  M.  D., 

AttUt^nt  Atrgton  to  (A«  *Vcm  Vnrk  Ophthalmie  and  A'trnl  frufihitf  ;  Btvticr  of  M«dieai  Tennaftjr 
UV>l(er'#  Jntrrnativ'tal  t>ttt\'inaTy. 

In  one  square  octavo  volume  of  65s  pages.    Cloth,  S-I.SS;  half  leaiber,  94.50;  fuU 
ahe«p,  $6.00.     Ju»i  rewiy. 


It.  l'uan«  ha»  spared  no  time,  piilni  or  «ip«nM 
In  his  «odeaTor  to  brini;  b*-fore  Uir  prolr)it>loo, 
uide»p«cl»tlyih«BtndeDUiof  t^edlolI]o,Rt>Dok»m- 
bodJrlDg  ooinplei«n*>M  and  azpliclLuna.  The 
vooftbuwj  U  flbuDiiAat  And  tt«  fbln«««  In  pAnU 
lelM  bjr  theeiplwiatfoD  nccordei)  c«oh  vrord.  It 
also  sooUUni  exten«lve  tnblei).  KmH  word  !•  fol* 
lowfd  by  lu  correct  t>rouuDcIatioD,  a  [n»w  ft>ntiiri> 
Id  work*  of  thin  kind,  gir^n  by  mpAn^of  a  simple 
aod  obvious  phonetic  Ft|>«lllnii      [>«rlTiition,  the 

Keateet  uid  to  memory,  in  fiiliy  irenled  uf.  and  for 
e  c«>nr»D)enfe  nf  Ihnne  who  do  not  noanrHtund 
Gr«ek,  the  EDgliiih  letteri  are  substituted  for 
Uioeeof  the  r.rct'k  in  Klvini;  the  roots  <>f  (he  words 
derived  from  ihKt  loneunife.  The  K\ithor's  eine- 
rtepce  rt«  n  lexloogT:4|<n»r  l»  fnlly  ait^steri  by  tils 
p<<«itloo  w*  ReTt»tr  of  .*lledtral  Term!*  f>»r  web 
fter*  Iot4>miit)onal  Dictionary.  We  predict  ibnt 
thU  will  t>a(!ome  n  aiandard  and  farorHe  work  of 
ft*  class— Vc(Jie</  F—tniQhthf,  March,  liil^ 


Fromi  A.  U  Lo«mi%  M.  D  ,  /Vofawr  P>ithiloo)i  ntA 
Pmeliftvi  MttUcnt,  Mtdirft^  fhoartwtgnt,  lititcr* 

i>tu  Ofyt.f   SlU!    y-.rk\    Sttr     Yl.rk. 

It  seems  to  me  eniirvly  ^eiisfactnry  for  (he  pur> 
pcMA  for  MThioh  It  In  Intended. 
Pritn  .!    C    Wii>..>,  M.  D.  PrufttKrr  uf  MtdichU^ 

J-jf€rtoii  Mtdiro/  C\jlleg^,  Pkit^tUlpHta. 

It  sppesrn  In  \»f  well  suited  to  the  purpiwe*  of 
the  mrdtcal  xtuJvnl.  being  simple  as  re^aT'ls  deri- 
f  iitk>t^p  Mild  proQdorlailoo,  expflcli  yet  !<(ill\eteully 
comprehensive  Id  deflDllloDt.  and  thoroughly  up 
to  the  times. 
FrifnjAMr*  T.  WnirrAKitii,  M.D..  Pr»f*t$or  T^tcr;^ 

Ctneinnnti,  O. 

I  find  It  ndmlrably  adapted  to  the  wftDts  of  stn- 
deoip,  and  thrirougtily  modern  in  ^vtry  psrtli^ulftr 
Id  which  1  iinre  taken  'MTMj<lon  to  cooituit  IL  I 
slmll  certAlnly  recommend  It  to  my  clnas 


I 
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THE  STUDENTS'  QUIZ  SERIES. 

ANKW  Series  of  ManualB,  couiprisiDg  all  deparlmentA  of  tuedicaj  sc-ienre  and  practice, 
and  prcparfd  to  meet  the  needs  of  stiidente  and  praciitinners.  Written  by  promi- 
nent nmdJL-iil  teitcheni  and  spfciHlbts  in  New  York,  these  volumes  muy  be  trusted  as 
authoritative  and  abreast  of  ihe  duy.  Cast  in  the  form  of  Rnggefetivequestidnfi,  and  c*onci9e 
oivi  clear  answon*,  the  text  will  impress  vividly  upon  the  reader's  memorv  the  salient 
points  of  his  subject.  To  tht;  student  these  volumes  will  be  of  the  utmost  service  in  pre- 
parioK  for  examiaations,  iind  they  will  al«o  l>e  of  grritt  uc-e  to  the  piartilioner  in  recalling 
forgotten  details,  and  in  gaining  the  latest  knowledge,  whether  in  theory  or  in  the  actou 
treatment  of  disease.  llIusLmtions  have  been  inserted  wlierever  advisable.  Bound  in 
limp  tlotb,  and  in  size  suitable  fur  the  hand  and  [H)oket«  these  volumes  are  assured  of 
enorm"Us  popularity,  and  are  aceij^linRly  pljced  ut  an  exceedingly  low  price  in  oom- 
parisdii  with  their  value.     For  details  of  subjects  and  i>rires  see  below. 
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ANATOMY  {DvubU  AVm/^rr )  —  By  Fain  J. 
Bs'.Kii««T,  M.  0.,  Awliitant  Demrtn^traUir  of 
Analomy,  College  of  I'hyvlriao*  and  Surgenne, 
New  Vork.  and  A.  0'M%i-ii;v.  M.U..  In^tiQCtor 
In  Surgery,  New  Vork  Polyclinic.    ?1.7S. 

PH  Y8IOLO0  V-Ity  F.  A.  MAK-n:<a,  M.D.. 
Mtcnlinic  SurfceoD,  MachAltan  Ho^p.N.  V.  II. 

CHEMISTNV  AND  PHYBIC8-Dy  Jonrii 
yTl^CTnEB^  Ph.  B  ,  Colnmbln  Cilleiro  School  of 
Mine*.  NY.,  and  D.W.  W^kn,  Ph.  B,  ("olurobla 
r.-ilfre  Srhool  n(  Mine.*.  N.  Y,  and  Chat.  H. 
WillMMrih.  M.S.  N.  V.    SI. 

HISTOLOCV,  PATHOLOGY  AND  BAC- 
TERIOLOOY-By  Bi^:«crT  3.  Burn.  M.  D.. 
Lecturer  on  Illit<>l<>)cy,  PalholoKy  aad  Baele- 
rl'»I"KV,  N«w  Vnrk  Porycllnic.    51. 

MATERIA  MEDICA  AND  THERAPEU- 
TICS-Bv  I..  F.  Wabyih.  M.V.,  Attending 
Phvlclan.St.  Bartholomew's  I'lip  ,N.V.    $1. 

PRACTICE  OF  MEDICINE.  INCLUDING 
NERVOUS  DtSCASCS— By  E[iw<<.T.  L)^v- 
i>i)itAT,  M  l».,  Mfiiil-er  N  V,  I'aiholorlcal  .^ool- 
pty.  and  J.  li.  NawKI,,  M.  D  ,  Member  N.  Y. 
I'oiini y  Medical  AaaoclatlOD,    fL 

•UROERY  {[k.uhlt  ymtn6v)-By  Bebn  B.  Gai^ 
lAicifct,  M.  ^*.,  VialtInK  .Surgeon,  BelleTua 
Uusplial.N.V..  sndCiuaLEsDiXQX  Jo!in.  M.  !>., 
AMlKtsnt  SurjeoD  oui-Fatlent  Depaninent, 
Prei»byterlnn  Ho»pltal,  N.  V.    ;l  TS. 


OENITO*  URINARY  AND  VENEREAL 
DISEASES-ByCnAKLU  II.  CitrraL-o,  M.D.. 
Visiting  Hurgeon,  I)*ml<t  Dispensary,  I>«p.  of 
6urg.  and  tieQ.-UriD.  Pie.,  New  York.    SL 

DISEASES   or  THE   SKIN-By  Cuiblks   a 

Ka.mi'iIi.  M.  1>.,  Ai'fl'tlaat  Dermalologlat,  VaO- 
dtirbilt  Clinic.  Sew  York.    tl. 

DISEASES  OF  THE  EYE,  EAR,  THROAT 

AND  NOSE— By  Fjia.<nk  E.  Milllb,  M.D., 
Thrnut  >i(jr|fiMin,  \  aiiderbUt  f'linir,  New  York, 
Jahu  p.  M'T.voy.  M.I)..  Throat  SiirjteoD.Belle- 
fue  KA-p.,  t>ui!'itlent  I>ep.,  Ni-w  York,  and 
J.  E.  Wlkks,  M  I>.,  IvecL  on  Ophthal.  and 
Dtoi.,  Belierue  Iloep.,  Med.  Col.,  N.  V.    91. 

OBSTETRICS  — By  CnABLU  W.  Hatt.  U.D., 
House  Pbysielan,  Nursery  and  Child's  Hospl- 
Ul,  New  York.    ^L 

OYNECOLOOY-By  U.  W.  BkAii^AnL,  M.  D^ 
As4lstnnl  In  Gynecology,  Vandcrbllt  Cllolo, 
New  York,  and  BivrLxim  TorstT,  M.  L>.,  AsalaU 
ant  Surgeon,  Oul-PaUent  Itepartmant,  Ho«m> 
TSlt  Hospital,  New  York.    It. 

DISEASES  OF  CHILDREN-BrC  A- Rdoku. 

M.I>.,  hixirtirtnr  In  I'Urn-e-of  (Thlldnn.  New 
York  Bcst-ursduate  Medical  College.    tL 
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NEW    f21ST)    EDITION.     THOROUGHLY    REVISED.     JUST    READY. 

Dunglison's  Dictionary 

OF   MEDICAL  SCIENCE. 

With  the  Pronunciation,  Accentuation  and  Derivation  of  the  Terms. 

GontaiuiuK  a  full  Kxplnnatiun  of  the  variouB  SulnecU  und  Teriuif  of  AnatomT,  Pbyuolo|7, 
Meilical  Chemistrv,  Pharmftcology,  I'hnrmacjr,  Thernpeulim,  Medicine,  Hygiene,  Pieiet- 
icp,  Suriperr,  OphlhaJmoloj^,  Otolugy,  Lnn-ngology,  Dermatology,  Gynecology,  Obstetri(% 
Pediatrics,*  MediaU  Jurisprudeueeaoii  "iVutUiry,  eU\.  etc  Bf  Roblky 'Dr>'OU%3l, 
M.  D.,  lute  ProfcMior  of  Instituifs  of  Medicine  in  the  Jcfleraon  NledicHl  College  of  PhiU- 
delphi.*.  New  (2Iat)  edition,  thoroughly  revised  and  greatly  enlarged.  With  tbe  Pr> 
DUDtiailnn,  Accentuation  ami  Jierivation  of  the  Terms,  by  Kichard  J,  Din<ousoi>, 
A.M.,  M.  n.  In  one  very  large  ^oz\  handsome  royal  octavo  volume  of  1191  pafiiv. 
Cloth.  $7  00;  leather,  raised  bands,  $8.00. 

HIS  gieat  me^lieal  dictionarv,  which  has  been  for  more  than  two  gefen  tirju  the 
^t:inda^d  of  tbe  Eiiglibb  speaking  nice,  is  now  issued  in  a  tboniiiKbly  reviacd 
preally  en!arge<l  and  improved  e>ULion.     The  new  words  and  pbniM^ 
by  actual  coi-nt  over  44,000.    Space  bus  l.Hrcn  gained  by  the  excision  of  everyibingi 
ami  the  page  h;is  been  much  enlarged,  si>  that  though  the  new  editioncontains  far  more  matter 
than  its  preilecess'jr,  the  whole  is  accommndnte<l  within  a  volume  convenient  for  the  haud. 

The  revision  has  not  only  covered  every  word,  but  it  has  resu'ted  in  a  number  of 
imi)ort;tnt  new  fe:iturea  designed  to  confer  nn  the  work  the  utmost  usefulness,  and  to  make 
It  answer  the  mrist  advanced  liemnmls  of  the  times. 

Fronund<uion  has  been  intrtNluocil  thr<.^ughoiit  by  means  of  a  dmple  nod  obvious 
lysiem  of  phonetic  spelling.  At  a  glance  the  proper  sound  of  a  word  is  dearly  indicated, 
and  thus  a  most  im|Ktrtant  desiderntum  is  dupplieti. 

Veriirithn  alTtmls  the  utmost  aid  in  recollecting  the  meanings  of  wordn,  and  gives 
the  power  of  analyzing  and  understanding  thoee  which  are  unfamiliar.  It  is  indicated  in 
the  aliiipksl  mjnner  Greek  words  ate  spelled  with  English  letters,  and  thuLS  placed  at 
tbe  cfuuiuand  of  those  unfamiliar  with  the  Ureek  alphabet. 

Drjinitiong,  the  essence  of  a  dictionary,  are  dear  and  full,  a  rliaracterisdc  in 
which  this  work  has  always  been  preeminent.  In  this  edition  much  ezplnnatorj  and 
entyclupcNlic  matler  hns  been  addetl,  eepcfinlly  up«m  subjects  of  practical  importance.  Thia 
under  the  varioiu  dlsieases  will  b;>  fbund  their  symptoms,  treatment,  etc. ;  under  drugs  their 
dosea  and  effecta,  etc.,  etc.  A  vast  amount  of  information  baa  Uen  dearly  and  oonTeniently 
condensed  into  tables  in  the  alphabet. 

In  a  word,  Dunglui<m'fi  Medical  Dictiormry^  in  its  remodelled  and  enlarged  shape,  la 
equal  to  alt  that  the  ftudcnt  and  practitioner  can  expect  from  such  a  work. 
The  new  "  [>unKliM>n"  la  new  iDdeed.    Tbe  Ttiit  |  Uih-flpeKlcloK  pvopl<«  In  mttt-  ■  rm^ 


1  uons  loff 
?viacdu^f 
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amnuDi  of  new  matt«r  and  the  tboronghnavi  with 
which  th«  work  has  been  brought  down  to  date 
cannnt  fall  lo  ttrike  eT«n  tbe  ;e*Bt  obaerrant 
rsader.  The  Immense  adTsnces  made  tn  alt 
brmncbet  of  medic*!  nelence  here  And  repreien* 
tattoo.  A  promiDPnt  and  rory  ui*<'fiil  feftturo  of 
the  old  hook  Is  r«tAlneii  and  iimpltfied  In  thl»— we 
mean  the  lahlen,  which  re<'ur  with  greAt  fre- 
quency Acd  reptcwnt  a  viui  amount  of  ecndenved 
iDrormiiMon.  In  reaped  to  arniirary  the  book  quite 
equals  itn  i  ii>ubIIv  purpw«Aeii  any  of  lla  cH>otempo- 
rarlea  luat  we  are  acqunlni<yd  wtih.  The  now 
"DungltMon"  hws  b«KO  hrnughi  down  to  dat'',  i-o 
as  to  rrpre*«nt  adeqiiiuely  the  Islefit  ndTaacdi  in 
medlcsl  *cieQct.—  rht  Amt'ican  Juumal  of  tht 
Jffrfjen/  .S-iflirrd.  Jaonary.  \«i\. 

Dungtfuon'ii  Dictionary  needs  no  [otroductlon  to 
the  medical  professlou;  for  nearlv  twoseneratlona 
It  baa  b'-"«n  re<-ognlxed  a**  a  Atanoard  among  Eng 


tJn 


*Kf.    rtoi 

diiced  in  the  wnrk  and  laln-i  ..etle 

ftyvtt'm.  The  defiDltloriii  rite  uDu-tu'^t/ (-l««r.  la 
brief  the  hook  1^  wholly  ■«li»factory.  —  '.-'"»<«'<r>i»» 
Siedica!  Mnij-iixnf,  Miirch,!*')!. 

It  h»<»  tieen  tho  (ttuudard  uf  r*f*reMe 
for  medleal  schDiam  for  orera  half-orotury-  Vm 
iweniy-Arst  edition  come*  ir  u-  ih  .rf>»|thly  f^ 
Tlied  and  fr«(itly  an'argfxi 
Irealtng  of  pronnnctatton,  u 
vatkou  of  torniJi,  Corerln.: 
medlclue,  nurgcry  and  the 
range  of  u^efiitneai!  <' to  i- 
Perhapfi  the  mo^t  valtiAhlp  - 
work  IP  the  tddltioo  of  a  nurt  an 
matter.  The  type  Ib  commendabiT  otear  K* 
predict  for  the  tionk  uaother  term  of  ucefUtataa 
—MedUat  JUeotd,  February  24,  UM- 


aail  dcffr 


>;^f 


Tbe  National  Medical  Dictionary, 

Including  English,  FrL-nt  It.  ■  'crmnn,  Italian  and  Latin  Technical  T«rms  Wt4  [b 
Medicine  and  the  Collitentl  Sciences,  and  a  Series  of  Tables  of  Usefiil  Data.  Bt  JohK 
S.  Bn.i,iNU8,  M.  D.,  LL.  D.,  Kdin.  and  Harv.,  D.C.  L.,  Ozon,,  raeml>«r  of  the  !^atiosal 
Aculemy  nf  ^iencea  Surgeon  TT.  S.  A.,  etc.  In  two  very  handsome  rr»yal 
oontaihiiig  157-!  iuiges,  with  two  adored  plates.  Per  volume — cloth,  $fi.lX» 
half  mnrocco,   marbled   e<Iges,  $S.50.    Subscription  only.     Address  t1: 

The  work  is  remarkable  for  it#  fulness.     It  pree- ,  which  may  begainedbythf 

ntaloth*  EnEl{«h  reader  a  thorttughly  •clenliflc 
modeof  acqnlrlujf  arlch  Tocabulary  and  offers  an 
aoouraie  and  ready  meant  nf  reference  In  conxult- 


lay  be  rail 
ieenattled 


entalo  th*  EnKMxh  reader  a  thorttughly  •clenliflc  '  ary.oneieenabledbylhe 

int^lllgf 
chief  modern  langnage.*. 


Ing  workR  In  any  of  the  three  modem  continental 
langnaaes  which  are  richaatin  medical  lllaratnre. 
Apart  from  the  boundless  stores  of  Information 


VUieWrr 

iDt^llJgentlranTteobntcal  tr 

lanf 
Dptnionw  aii  to  the  great  ratuL 
amwk  of  ready  reference  for  all  ' 
tloaa  of  medical  men  —Lcmdim  f 


Lea  Srot/)ers  A  Co..  Publiahers,  706,  708  A  710  Santom  Street  Fhttadeiph*a. 


NEW  ^THIRTEENTH)  EDITION.     JTTST    READY. 

GRAY'S  ANATOMY^ 

IN    COLORS  OR    IN    BLACK.  ^ 

Anatomy,  Descriptive  and  Surgical, 


BY  HENRY  GRAY,  P.  R.  S., 

UCCnrBER    OS    anatomy    at    ^T.    UKOBCJEa    HCfri'lTAL,    LONl>ON. 

EDmcn  BY  T.  PICKKRINC;  PICK,  F.  R.C.S., 

Sutton  to  and  Lteturgr  on  A  natom^  n1  St,  fir^yrgi'i  Ifoapitaf.  London^  Sramingr  in  ^nofomy, 
koi/nl  CuHt'jt  «/  Sttrgeont  0/  Enylatiiit. 


I 


A  new  American  from  the  thirteenth  enlarged  and  improved  Loodon  edition.    Id  ona 
imperio]  octavo  vntume  of  1118  pugep,  with  636  large  and  elubonne  engravings         ^M 
on   wood.     Price,  with  iUiiKtratinns  in  colors,  cloth,  (7;  leather,  (S.  H 

Price,   with    illuKtrufnmij    in    Hack,  clolb,   ?0;    leather,  $7. 

SINCE  1H57  Gray's  Anatomy  hn;*  ln>on  the  manditrd  work  Ubed  bv  students  of 
medicine  and  prjclilion^rs  in  .'ill  Enf!:lish-Bpeaking  raee^.  80  preeminent  bus  it 
Wen  amoLg  tne  man?  Horkii  no  the  wibject  that  tliirlcen  editions  have  been 
refpiired  to  meet  llie  dctniini).  Thitt  opportunity  fir  fm^ucnt  revi»inna  has  been  ^ 
AiUy  niilixed  and  tliu  work  hai>  thus  been  (uljccted  t-t  ifie  careful  scrutinv  of  many  oftht  H 
luOAt  diHiin^iiblied  acinloniijits  of  a  ^eneratiuo,  whereby  a  degree  of  iYimpIeteneas  and  ac-  V 
cnrmcy  Una  l>eeii  seciireil  which  is  n<it  attainable  in  any  other  wuy.  In  no  former  revifiion 
has  M*  much  care  been  exercit^cd  ns  in  the  present  to  provide  for  the  student  ail  the 
aaaiflT.inLe  that  a  lext*l)ook  can  furtri>ti.  The  engravinffs  have  iilwnys  forme<l  a  distin- 
giiiMiixg  rctttiire  of  ihifi  work,  ami  in  (he  present  edition  the  serit-s  hua  been  enriched  and 
rendered  cr>iii}>lete  by  the  iidduion  of  many  new  ones.  The  large  HC:de  on  which  th« 
iUiistr.itioiis  are  dniwn  and  ihi;  tlearneas  of  the  exenition  render  them  of  iiDe«]nalled 
value  in  afiording  J  grat>p  of  ihc  eonipTcx  details  of  tlie  buliject.  As  heretofore  the  name 
of  eiirh  pnrt  i«  printed  utK>n  it,  thus  conveying  t»  the  eye  at  once  ihe  jxisition.  extent 
and  relations  ol  each  orgnn,  vi»M-l,  mus*  le,  bone  or  nerve  with  n  <  lenmeas  inii»orMble 
when  ligurcp  or  lines  ftf  reference  are  employed.  Distinftive  ooton  have  l»ecn  utilized 
to  give  aih)iti"r:il  prtuninent'e  to  the  atiachmentK  of  mua«.le»,  the  vein»,  arteriet 
and  nerve*.  For  the  sake  uf  tlxwe  wliu  prefer  not  to  pay  the  flight  increase  in  cost 
nece«^ilattd  by  the  use  nf  c  lots,  the  vulume  in  published  nUo  in  llack  ulooe. 

The  ilhiktrutionii  thus  con!«titnte  a  or^mjjlete  and  spteodid  M>erieH,  which  will  greatly 
asaist  the  ittndeni  in  forming  a  tlcsr  idfu  of  Anatomy,  Hnd  will  aim  1  nerve  to  refresh 
the  memory  of  thi  se  who  may  tind  in  the  exigencies  of  practice  the  necessity  of  recalling 
the  di'luils  of  the  dissecting  room.  Combining  as  it  does  a  rumplete  .Atlas  of  Anntomj 
with  a  ihoroiiffh  treatise  on  s^'stemntic,  descriptive  and  npplied  .Anatomy,  the  work  covert 
■  more  extennei]  range  of  snbjetts  th&n  is  rusu>n>ary  in  the  ordinary  text-bouks.  It  not 
only  answcrf  every  need  of  the  student  in  laying  the  grorndwork  of  a*  thorough  medical 
cdncMlion,  but  owing  to  it<t  application  of  anntomical  details  to  the  practice  uf  medicine 
and  Hurgery,  it  also  furnishes  an  admirable  work  vf  reference  for  the  active  practitioner. 
We  ftiwny*  h»d  a  klodly  r«g&rd  (m  the  Itluptn^  ,      Th«reha»Dutti»enftfnet)icftlitudent  fa  I'Dgllnh- 


lloniilD  (ira)*,  whpr«  eiu-horgan,  tlBf-UA.Krtfry,  Hnii  ,  Rpeaking  c /untrle*  who  hiui  not  Inrurrrd  m  pro- 
aarve  >>«ttr  thetr  re«pecltre  oanirN,  ftDdlDihif  edl-  found  obliKSttoD  to  the  author  nf  the  boti  df*crlp- 
llon  cnl  >r  hA"  Vi#«n  worked  to  advuniaKf  In  hrlng-    tlve  leitbook  on  tDatrtniy.     lie  wh»  hulidn  Ma 


Insoiii  ihr  relaii'^imhtpof  vAfKclaiid  n»rv«.  Of  Uie  '  tn*'>.llt>al  knowledge  im  tiray'it  Anatomy  need  hafe 
ymmr*.  many  wnrkM  on  anatomy  hafi*  bern  Intro-  '  no  f^ar  for  tho  Henuriiy  of  th?  foundation.  Many 
due«d  b>  th^  pn>f«»pion,  but  ax  a  rtU^rfnce  book  for  1  good  l«xl-bonki  oa  aoatomy  hart*  been  rent  forth 
thep'ai'tir'iilrTfryday  f>liyFician,nndn«  a  text-book  ,  alnce  "Gray"  first  upfMarrd  on  th»  field;  but  ih* 


for  th^  Mtudf  nt.  «f>  think  It  will  be  dilllcuU  to  -up-  iinqueaMonvd  eicalleDCe  of  the  btX'k  ha»  (irnvra 
lanturay.— /i«'_/riM  Jfni  and  Surg.  Jour.,  J  ma  ,  IM4.  ^  to  be  a  •toi.rce  nf  ner«nnlal  pronperity.  'I'he  ability 
Ho  iiony  dealft  with  the  complex  »ubjert  so  tyB*   of  Its  edltorn  una  the  cuierprl*-e  of  ii»  publlihera 


plant  (;ray.—  /i«'_/riM  Jfni  and  Surg.  Jour.,  Jma  ,  IM4.  ^  to  be  a  •(oi.rce  nf  ner«nnlal  pronperity.    'I'he  ability 

Ho  liony  dealft  with  the  complex  »ubjert  so  tyB*   of  Its  edltorn  una  the  eulerprl*-e  of  ii»  publlihera 

leniati- ally,  or  preytfrlii   the  naitterlal   in  a  nay    have  made  the  uumvruus  edition*  r«Otot  acctt- 


^'t       VI  ij^fvctJ  \^      ki  I V      aa<«ikc^4  tmt      f  aa      ea      w  ■■j  ji^*  ^     «*-■  ■w«'      tti^^     aj  u  a*iT  1  <jL«a     v'vaiti«.-k<p      t^uw^-a      ww  i« — 

fur  the  N(udeot  to  infmorlze.— /nfcr.  rately  the  s*alu*  of  (>nnternporaneDU»  anat«mt'*al 
mettonnl  yttfi'r'd  Magmtnt,  Dec.  18&3  '  acleDCe.  The  last  edition  conlalDf)  iho*e  uJdlilODS 
U  «m^^a  -es  the  whole  of  human  anatomy,  and  which  proffreas  ha«  made  net'e'^nary  Afnoe  the  pub- 
It  pariloiilarlv  dwelU  on  i\\v  pTOcticftl  nr  applied  Hration  of  It*  prvder«aM>r  — .Vtw  (hUunt  MtUiint 
Vmh  of  th*»  •(■itijeol.  *o  thi*t  it  form*  a  moi«t  Ut-eful,  •met  Surgim!  Jnurmtl,  Jan.  t 
intelllglhit*  ami  practical  trrivliMe  for  the  student 


I 


aad  K^nerai  prvuiilcner.— />i>Min  7i<urvaf  o/*  Jfcrfi- 


'^r, 


eal  Sn'iic,  r'wemV*r.  I8y.t. 

'iray'n  ria*  been  the  unTarylnK  standard  for 
aaatrnnlriil  f^Ui-ty  by  the  vast  m^ority  of  Eaietlih- 
•peakiuR  fT)e<ll«-a)   siudenta    for  «o  long   that    It 


Few  tri-ittf»eii  ran  claim  varh  a  record  of  eodnr^ 
anoe  of  i]<t«-fuiDe".  To  ^ay  that  It  villi  malataloa 
Its  reputation  in  to  Ki*0  it  the  htfthext  ooruplimcDl 
within  the  range  of  the  rHtlr***  prlrllege.  It  has 
grown  and  strengthened  with  the  advancementa 
and   reqalrementif  of  the  modern  kn>  wiedge  of 


would  ^eem  an  anomaly  loaee  a  atudpni  acquire  anatomy.  enlnrglDg  Ita  wope  for  newer  adapin- 
*np)i  knonle'lg*'  from  fK>me  other  nource— J/edi-  tlona  In  eargery  and  phyalology. — Jf(ti<f<W  Ettord, 
enl  Fof  t'^<0ht/fi,  February,  ISM.  March  S,  ISM. 

HtiBLVN'S  l»ILTIONARr  OF  MEDICINE.  A  Dictionary  of  the  Terms  Used  In  Medletne  and  lh« 
Col'nterai  ^(ences.  By  RifHARp  I>.  Hubltjc.  M.  D.  Id  one  large  royal  I2mo.  Tolome  of  A'ja  dottbla- 
eolumned  pngei.    Cloth,  tl.X>;  Uather,  fi.w. 


Ua  Brothers  A  Co.,  Pubf/sher$,  706,  708  A  710  Sansom  Sire§f.  Phifadt/phia, 
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Anatomy,  Physiology. 


HUMAN    MONSTROSITIES 


BY    BARTON    C.    HIRST.    M.  D.,     and 

Projejuutr  »>f  OlaUtries  in  tfu  Uoivtrtiftf 
of  Ptnntijflvania, 


GEORGE    A.    PIERSOL,    M 

fYofatvr  vf  Anat<fmu  affS  £f'i'r';r.'tr 


MagnlBceot  folio,  coDt^ining  220  pages  of  text,  illuatntt«d  with  enpurings, 
39  fiill'page,  nhotopranhic  plated  from  nature.    Tn  four  parts,  price,  each,  fh     CVn 
at/.    Limitei]  edil 


workj«j>(  reatvj. 


We  hftve  b»ior«  an  th«  fourth  HOd  \%»l  fmrt  of 
the  lK(e«t  ftod  bept  work  on  humkn  rooUMtroii- 
tl**.     This  complete*  onn  of  th«  mfcaterpifCM  of 

KQ<1  from  an  artistic  ntuid point,  the  work  In  no- 


American    medlckl    Uleiftlure.     TypoKraphlcftlly 


edition,  for  sale  by  fiulKcript^on  only. 

must  ihvnya  reialn  the  h-- ■■- 
ifH   kind    »riM»D  Id  iL- 
Brtf'nh  Vtdifn!  Joumfl,  "■' 

Thlc  work  promise*  to  i-< 
DiUHl  he  found  to  the  llbrsry 
pithologivt,  nbtitftlrirlftD  and  < 


Addren  the  Hubl 


excrptioDBl'l*.     In    this   lut  and    flniil  *olutne 

|jt  preACol^d  Lho  mont  complete  blbljoftrftpby  nf   joint  produotlon  of  an  o^ 

teratolng^ir.al  Il(cr:ttur9  extant    No  library  \rlll  be    ologl^t^  tod   blttolc^i^t 

complete  «ltlioui  ihi"  muKolfleent  work.— .''our - 

nat  of  the  Amrrienn  SileHixal  .4ixo ,  Mny  (>,  1B93. 

Altogether,  Uumnn  AfoncfrotfiAM Ian f>nti»- factory 
production.  It  will  Itike  ltd  place  ne  a  Maodftrd 
work   on   ier:itolony  In   medlral  llbrarte",  and  It 


cerinln  that  both  (he 
KJdeit  of  the  subject  wih 
described.    The  book  ; : 
Rreateot  rnlue  to  the  ^ 
wr.rld.— £»/in6MrjA  Mtdvz^ 


Allen's  System  of  Hunan  Anatomy. 

A  System  of  Human  Anatomy,  Including  Its  Medical  and  Si 
Relations.     For  the  ime  of  Pniflitioners  and   Students  uf  Medieine.     ]\y    Harki 
Allks,  M.  D^  Profeaaor  of   Physiology  in  the  Univervity  of  Pennsvlvaina.     With 
Introductory  Section  on  Hifitology  by  E.  O.  Bbaksspeabe,  M.  D.,  C^phtlialninlofiist 
the  Philadelphia    Hoeplta.1.     Compriainfc  813   duiible-culiiuined    quarto  pa((«a,  with 
illiiBtmtions  on  109  full  fAge  lithographic  platea,  many  of  which  are  in  colore  mui 
engravings  in  the  text.     In  aix  Sections,  each  in  a  i>orlfoUo.     Price  per  Setiion,  '" 
al»o  bound  in  one   volume,  cloth,  ¥23.00;  very  handsome  half  Riisai a,  raised  lioiiiis 
open  hack,  $25.00.     For  sale  by  tnib^triplum  (mly.     Addrtn  the  Pubiishera, 

Holden's  Landmarks,  Medical  and  SnrgicaL 

LandmarkB,  Medical  and  Surgical.    Iiy  Lcthkb  Holpcn,  F.  R.  C, 

Surgeon  to  St.  liuriholomew's  lli-wpiiul,  London.  Second  American  Irrjm  the  third 
reviwti  FngU«h  eti.,  with  atlditions  by  W.  W.  Kfen,  M.  I).,  Profesaor  of  Artistic  Anti< 
in  the  Penna.  Auidt^my  of  Fine  Aria.     In  one  I2mo.  volume  of  148  |>sgee.     ClotJ 

Clarke  &  Lockwood's  Dissector's  KannaL 

The  DiBsector's  Manual.   By  M'.  B.  Clabkk,  F.  R  C.8..  and  C  a  LoH 
WOOD.  F.  R.  0.  S.f   Domon^trntora  of  Anatomy  at  St.  Bartholomew's  Hovpitnl  Metll 
School,  London.     In  one  jiocket-sixe  12mo.  volume  of   396  pa^ea,  with  49  ilittstimtic 
Limp  cloth,  red  edges,  $1.50.     See  St^enUf  Serit*  of  J/bnwiZa,  page  30. 


MeaarB.CIarkeaBd  Lockwood  have  written  a  book 
tbat  can  hardly  be  rivalled  an  a  practical  aid  lo  the 
diniiector.  Their  piirpritte, whtcn  In  "how  to  de- 
acrlbe  the  bei>t  way  in  diMplay  the  anatomic*! 
ftructnre,"  hOH  t)««D  fully  attained.  They  excel  tn 
a  lucidKy  nf  demoniitratKin  and  graphic  ter«ene»ii 
of    eipreaslon,   which   ooly   a   lonfi  training  and 


,p.>M 


Intimate    a^eoclatlon   with    "'. 

fWen.     WIOi  »uch  a  muide  »- 

by  PD  attra«tU.-  &  frmmeDla- ^ 

Applied  A'-"-  ■•  M-rle-).  no   -ludeol  rcllLd 

fall  to  be  d<  -rbingjy  lnterfwt*d  la  the 

»tudyofai>..  '   Orlmtm*  MmUtai  aiMJfci 

gir4iX  Joitmnt,  April  ,18*4. 


Treves'  Surgical  Applied  Anatomy. 

Surgical  Applied  Anatomy.  By  Fredehick  Trevi»,  F.  R,  C  8., 

DemonstraU'ruf  Anatomy  and  Absibtunt  Surgeon  at  the  London  Hospital.      In  cme 
BM  ]2mo.  volume  of  640  pagea,  with  61  illufttratioufl.   Limp  cloth,  retl  edge*,  $*. 
Siudtnu^  Sfri€s  of  AfanuaJs,  p.  30. 

Bellamy's  Surgical  Anatomy. 

The  Student's  Guide  to  Surgical  Anatomy :  Being  a  De#cTipU( 
meet  Im|)ortant  Surgi(.-al  Regions  nf  the  Hiiiniin  BtMiy,  and  intended  as  an  Intr>xit 
Operative  Surgery.  By  Euwabd  Bej-lamy,  F.  R.C.8.,  Senior  AsaiKUujl-Surgeoo 
CbaringCroes  IIo«pitaJ.     In  one  12mo.  vol.  of  3O0  pages,  with  60  illus.    C'lothi  |^ 

WUson's  Human  Anatomy. 

A  System  of  Human  Anatomy,  General  and  Si>ecial.      P.r  El 
WlLFON,  F.  R. S.     Kdite<l  by  W.  H.  OoBUFkHT,  M. D.,  Professor  of  General  and 
Anatomy  in  the  Medical  College  of  Ohio.     In  one  Large  and  haadacu«  octavo 
of  616  i^gea,  with  397  illustrvtiODa.     Cloth,  $4.00;  leather,  $5.00. 


HART8HOBNES  HANDBOOK  OF  ANATOMY 
AND  PHTSlOLOCiT.  Second  edlUon,  revUed. 
ISma,  SlU  pa««*,  it20  woodeuta.    Cloth,  SI.TB. 

HORNER'S B?ZCUL  &}«ATOUT  AND  BIBTOU 


OGV.    Eighth  edition.    Jo  i* 
of  KM'?  naite",  wlln  !»Ai  wiv>ili 
CKELANr-'Jl    IiIRFrrORV    F 
TIO.N  uF  THE  HL'ilA>'  liuui 
Clrrtb.ll.to. 


trot/iBPi  4  Co.,  Publtth%r«.  106,108  K 


Stt^t, 
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PhysicSf  Physiology,  Anatomy,  Chemistry.  7 
Draper's  Medical  Pbyslcs. 

Medical  Physics.  A  T«xt-book  for  StndenU  and  PractitioDera  of  Medidn*. 
By  John  C.  Draper,  M.  I>,  LL.  I).,  Prof,  of  ChemiRtnr  in  ihe  Univ.  of  the  City  of 
New  York.  Id  one  ocUto  vol.  of  734  pages,  with  376  wcKxU'utii^  mostly  original.  Cloth,  $4. 
No  man  In  America  wan  better  Atted  than  L>r.  |  oultt04  (o  be  (>n<'ounter«d  Id  briB^Ing  hia  Bubjeot 
Drmper  for  the  tank  tie  uadertook  and  he  h»H  pro-  witltin  the  Krii^p  of  the  arerage  Htudeut,  and  that 
vlde4  the  ntudeat  and  prnctitlonpr  nf  medir.ine  ,  he  >iafl  mirceeded  xo  well  f>rnfeit  once  more  thai 
«iih  a  foliime  at  once  reulehle  and  thorough.  ]  the  man  to  write  for  and  examine  ntudente  In  the 
ErcD  to  the  studant  who  han  •>ome  knowledge  of  one  who  haa  taoftht  and  l-  f'achlnB:  them.  The 
phyitea  this  book  In  UKeful,  as  It  shown  him  It*  |  book  Is  well  printed  and  fully  illu«trated,  and  in 
•pplUvttona  to  the  profeutlon  that  he  haa  ohoeeo.  i  ererr  wav  desflrvea  gratefii'l  reoognltloo.— 71k« 
Dr.  Draper,  as  ao  old  teacher,  knew  well  the  dlffl-    ^fonlr«al  MtrtUvU  Journal,  July,  1690. 

Reichert's  Physiology.— Preparing. 

A  Toxt-Book  on  Phyaiology.  Ify  EpwaiidT.  Reichert,  M.  D.,  Profeesor 
of  Physiology  in  the  Univensity  of  Pennsylvjinia,  Philuilelphia.  in  one  very  haniidouie 
octavo  voluuie  of  8()0  pagea,  fully  illustrated. 

Power's  Human  Physiology.— Second  Edition. 

Human  Physiology.  By  Henrv  Power,  M.R,  F.  R. C.S,  Kxnratner  in 
PbvBioloKy,  Royal  College  of  Hurgeona  of  EagUmi  JSeconil  e^lition.  In  one  llfmo.  vol. 
of  oOfi  pp.*  with  68  illiutrationa.    Cloth,  $1.50.     Bee  £kiw^rU«'  Seri^  of  ManwtU,  p.  30. 

Robertson's  Physiological  Physics. 

PhysiologicELl  Physics.  IW  J.  McCJrkoou  Robert«oN|  M.A.,  M.  B., 
Mtiirheaii  IVmt.msLr.itnr  of  PhyKiology,  Umvenity  of  Glaagow.  In  one  12dio.  volume  of 
537  pftgea,  with  219  illna.     Limp  cloth,  $2.     See  StudetUs^  SerUa  of  ManuaUj  page  30. 

The  title  or  thlit  work  Huffiolently  explains  the  raenta.  It  will  be  foond  of  greel  value  to  the 
nature  of  its  vooteutin.  It  Im  deplKnvd  ae  a  man-  practitioner.  It  U  a  carefully  prepared  book  of 
Dal  for  ilis  Httidfrn  np  med(<-)nt*,  An  surllbkry  to  reference, oonclae  and  aoonrate,  and  aa  such  we 
hletext-book  InphyHlolotn'.anU  It  woiiMbepartieu-  heartllv  reiNsmmend  li.—J(mrmU  of  tht  A 
Urly  useful  a-^agulde  to  hU  laboratory  ezpcrl-    ifaiicol  ^JMociatton,  Deo.  V,  IMi. 


Dalton  on  the  Circulation  of  the  Blood.  V 

Doctrines  of  the  Circulation  of  the  Blood.     A  Hiatory  nf  Physio- 
logical Opinion  and  Discovery  in  reganl  to  the  Circulation  nf  the  Blood.      IJy  John  C  ^ 
Daltov.  M.  D.,  Professor  Emeritus  of  Physiology  in  the  College  of  Pliyaioians  and  Siir-  fl 
ateoxifL  "Sfv  York.     In   one  handaome  I2mn.  volume  of  293  paffcs.     Cloth.  $2.  H 


geon!t,  Xi^w  York.     In   one  handaome  12mn.  volume  of  293  pages.     Cloth,  (2 

Pr.  Dal  ton's  work  Ifi  the  fruit  of  thedeepreiiearoh  '  atlon  for  thoee  plodding  worker*  of  olden  tlmea, 
of  a  cultured  mlod,  and  to  the  bun/  prantltlnopr  it  who  laid  the  rmindallnn  of  Ihe  magnlAeent  tero|Me 
eannot  fail  to  be  a  iwurre  of  Inntnictton.  It  will  :  of  medical  eclenoe  an  It  now  ntaodo.— iVeHi  OrUniu 
Inspire  him  with  a  feeling  of  gratitude  and  admlr*  i  M*^«t  and  Sm-giMlJottrnnl^  Aixg.  1686. 


Bell's  Comparative  Anatomy  and  Physiology. 

Comparative  Anatomy  and  Physiology,  iw  1\  Jeffrkt  Brli^  M.  A., 
ProfcBBOrof  Comparative  Anatomy  at  Kinir's  <!'uUe(:e,  Iy»ndon.  In  one  12mo.  vol.  of  661 
pagea,  with  229  illustrations.   Limpcluth,$2.     ^e  SiwientJ^  Series  of  Mamuits,  i»\ge  30. 

The  manual  Is  preeminently  a  ittnd»nt*s  book— i  It  the  b««t  work  Id  eKtatenoe  In  the  Engllah 
clear  ood  »lmplelD  language  and  atrancement.  |  langaage  lo  place  In  the  handa  of  the  medical 
(t  ta  well  and  abundantly  lllaatrated,  and  la  read-  aladent,— Arutol  Madieo-ChirurjpetU  Journal,  Mar. 
eble  and  lotereitjng.    On  the  whole  we  oonalder    1486. 

Ellis'  Demonstrations  of  Anatomy.— Eighth  Edition. 

Domoustratlons  of  Anatomy.  IWiu^  u  (hiide  u>  the  Knowledge  of  the 
Human  Baly  hy  Dta»ection.  Ry  (JEttB«iE  \'inf,r  Kllis,  Kmentna  Professor  of  Anatomy 
in  Univeraity  College,  London.  From  the  eighth  and  revised  London  edition.  In  one 
very  handaome  octavo  volume  of  716  pages,  with  249  illua.   Cloth,  |4.25;  leather,  $5.26. 

Roberts'  Compend  of  Anatomy. 

Tho  Compcud  of  Anatomy.  For  use  in  the  diaeecting-rttom  and  in  pre- 
|)wins  for  examinatiuna.  Ry  JuuH  U.  Rodebts,  A.M..  M.  D.,  Lecturer  in  Anatomy  in 
the  Univeraity  of  Pennsylvania.     In  one  16mo.  vol.  of  196  ]utge«.     Limp  cloth,  75  cents. 

WOHLCR'S  outlines  op  ORGINIC  CHGM-IOARPKNTER'SHUMAN  PHYSIOLOGT.    Edited 

18TRY.    fUlited  by  Frmo.     Tranaliited  by  Iua  bv  RsHav  Powib.    In  one  ort«To  volume. 

RuuKK,  M.  D.  Ph.D.     In  one  lamo.  Tolome  of  CARPENTER'S  PRIZK  k-sj^aV  oNTHfcrsE  AND 

SfiO  p«g*f^    CIotb,$3.  Aitii  or  ALroHOM'*  l.igvoH«  is  Huira  A»t>  Dli- 

LjCHMaNVS  manual  OFCHRMICAI.  PHYB-  RuLVilthexplanatIoh«or»clentlftoworde.BinaU 

lOl.CKtY.      In  one  octavo  Tuliime  of  H27  pagei,  l2ino.     178  pages.    Cloth,  AU  ceata. 
with  41  lllUNlratlona.    Cloth.  «2.2&. 


I 


Ita  Brothtrs  A  Co.,  Pubti$h9r».  706,  708  4  710  Sanuom  Str90t.  Philad^iphitL 
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Physiolosy-H^Continued).  Chemistry. 


Rea^ 


Foster's  Physiology.— New  (5tli)  American  Ed    Just  Rea 

Text-Book  of  Physiology.     By  Mj-uam.  htr-rcii.  M.  I>^  }'.  i, 
lor  in  Pliyainlogy  and  Fell  tw  of  Trinity  GuUfge,  Oiiu'iritlKi^,  Ktii^Unii.     N««  (I 
euliirge«i  American  from  the  tif^h  and  revised  English  eilition.  vith  rKttc*  aacS 
In  one  hftnds4>n)e  octavo  vol.  of  1083  page*,  with  31tS  ilhi*.  '  '  "•0; 

Thl«  Ik  th*  MisndiLrd  work  on  phrMloIogr,  bvloK  i  hiMi*<K-«|>«(l  hi 
mOAt  thorough  mad  mmfiftm  In  all   faranrhiti  mnd  I 
dfltfttlrii  moreorer  It  eootafna  <:>on»ider»bl*  m«t«-  I 
rlAl  vblch  hM  d^t^f  b«for«  bM>D  prM«nt*d  to  the  ! 
roedlcAl  public.     I^vldHnu^of  10*  vuocem  1*  «h«wn 
In  thft  fnct  ihftt  it  in  dov  In  In  fifth   Bngliali   ftod 
fifih  American  edltloD.    la  li«  high  ch«nc(«r,  Id 
the  cBr«  which  1»  shown   In  lh«  stAtetneDUi  mod 
their  TvrlflratloD,  ui'l  In  )t<  llinrriiigh  denliDR  with 
phyiiioloKl<'-ikl  mo'i  hlxtnlogic*!  pr»ril«>mii,  it  In  fnr 
then']  of  nay  book  of  the  cl«*0  yet  Isauod. — Th* 
M'-h'ol  Ajr,  December  i*"..  I^W 

DnAnAniiol  rv'i'l  a  sHiKle  cri«pt*r  withbul  being 
ImprpfHeH   with  the  ram  that  the  author  hiui  b«- J  cn«(l]r    to    )        :  :         r 

Slowed  upon  It.    Apparently  nnthlDK  that  li  known  |  price.— Ac  C'^^aJj  M^ico.'-  lUcsn^i, 
up  lo  Lhe  preaeot  year  cuncemtote  vital 


reoeire  the  ^l)tp-:  •. 

which  have  been  tii*4e  lo  J 
ci\u*«>i  I'Y  H\x  errori  v>  «i|ilftMI  ■ 

Hn-'iLcr  IniKlh  n!i»i  *^*-w*}  la  W 
men!  .       . 

ha»*' 
r>f    I),. 

h>Ky-  '*'*  •'  ' 
praUe  for  : 
\v\Mcr\  the  V. 

tiMiy  of  Ml. 

wjrK,  aD<) 


Dalton's  Physiology.— Seventh  Edition. 

A  Treatise  on  Human  Fhyeiology.     DengD«d  far  iIm 
and  Prnrtitioneni  of  Mwlicine.     ily  .foiiN  (\  r>Al.TiiN,  M.  D.,  pTx>fmmorat 
the  CoUefie  of  Pliyaicians  and  Snrgeoitfl,  New  York,  etc.     SrrcnUi  mSk 
revift^  and  rewrittea.     In  one  very  hand!M>me  octavo  volume  of  7Z3 
tiful  engravinffi  on  wood.    Cloth,  $5.00 ;  leather,  |R  00. 

Frodi  the  flrxt  appear«nc«  of  tht  ^ii:«nk    It   hae  I  hav>' 
tMen  a  favorite,  owing  a«   well   to   Itie    aiithur'e  I  won ' 


re  ade  r». — />tiWiN /fMTTMi  of  Jf 4 


r«Dowo  aft  an   oral   teacher  aB   Co    the  ohartt.    ■>{ 
■ImpMolty   with    which,  a*    a  writer,    he   « 
•nccfled**    in    inrcmtlng    even  Intricate  nu' 
It  muAl  be  gratifying  to  him  to  obeerve  th- 
qnancy  with  which  tilR  work,  written  for  «tiij«tii- 
and  prartitloner*,  l«  <)uoted  by  niher  wrlteri'  r-n 
phyHiolo^.     l'T>!f  U-\   %{t^Mit  Urn  Tahie,  arul,  lu 
great  rTmae>>'-  lOliy.    It  tiow  needs  no 

•noh  Mial  (f  however,  for  the  thou- 

■aOijiwhotiM  <l    III    Itji  TRrii'ii>  (xltlkiii*  . 

Chapman's  Hnman  Physiology. 

A  Treatise  on  Human  Phy Biology.    By  Hekry  C 
Profeoaor  of   InBlitnitss  of  Medicine  in  the  Jeti'eraoD  MoiIi<  '1  '  ''n. . 
In  one  octavo  volume  of  92'')  paxen,  with  503  t*nrravtng«.     ' 
It  repreMtnti  very  fully  ihe  ^tUiItip  «(a'e  of  ■  nlrarfrmti^r*  *•■- 

phy^infoKy     Thepc  >'      " 

to  the  ittKlvtit  ftr  < 

to   tlie  prartlraJ    »|., 

whioh    ihr   aitTaiK'r-   .>i 

profe*>*>lua  In  thl*  detiarin 

■Idered  the  (uiindalionof  ■ 

/olo  JVedXii/ omi  ^uri/if^;   .< 

Mattel*  whk'h  havo  »  ; 
practice  of  m*dirine  art-   > 


wti  eii4  ^Mer 


TW  wi 


inainii  lion    in  itn  «>jriiir,i 

ti  the    iV*r*A  Or»Vtefl  iffrftMf 
lech- 


Schofield's  Elementary  Physiology. 

Elementary  Physiology  for  Studenta. 

M.  D.,  Lflte  House  rhvjiirinn  b'nd'>n  Hospital 


227  engrAviiijjti  and 


Ily    .\LrRLn 

Iti  one  12nM»  t  'lumr  itf 

txtl'TVii  pLtte^  lYfiilnininK  .'W  ficure*.     i'\  'lit.  5-l**. 


Frankland  &  Japp's  Inorganic  Chemistry. 

Inorganio  Chomistry.     Rv  K.  Tuaxklam',  U C  L^  K.  R.  R.  Prrf* 

ChemiMry  In  the  .Vunii.il  SchtK-I        -  '        *  .  r     o    ■ i- 

Prafeaanr  nf  CherniKlry  in  the  N 

ocjtaTo  volume  of  (577  pflgee  wiilj  ..,      -, 


Third  Edition. 


Clowes'  Qnalitative  Analysis. 

An  Elismentary  TroatiBO  on  Practical  Chemistry 
Inorganic  Analysis.    S[Hvi^■"     -  i.-'f'  <•■  -       ■  '-    ti,^  Laboevioriw  i 
Cnllegf*  Mu\  bv  Hit'innor*.     Hy   ,  nJo*.  AtoioT 

at  ihv  ]li;:h  >*tli.H.l,  NewL-a«llc-iin         :  _  ■  i^erltio   fVniB 

revised  Knglinh  edition,     la  one  l2nin.'TnLof  H- 

CLA8SKN'H     KLKMKNTARV    qVAK-'  •  »  »■'»■"*  '  '- 
ANALY^I^     Tran^latcl.  with  ooi.  immw 

Uoni',  hy  EtMi-k*  F.  ^M\TK,Vh.\) ,  V  HJuiaafc 

i.ta  Srofhers  A  Co.,  PubI*»h»r».lW.l^  *^  l^Q  ^aftww  «tt««t 


Chemistry^ — (Continued). 


Simon's  Chemistry.— New  (4th)  Edition. 

Manual  of  ChemiBtry,  A  Uui<le  to  Lectures  ailtl  Lnboratonr  work  for  Begin- 
nexB  in  Chemistry.  A  Text-Uxjk.  speciHlIr  adapleil  for  iStudeaU  of  Pharmat-T  and  Medi- 
cine. By  W.  SiMOS,  Ph.  D.,  M.  D.,  Profe^eor  ol  Cliemistrv  and  Toxit-olngy  in  the  College 
of  Physicians  nud  Sunteons,  Kaltimor«,  and  Pnifaaor  of  Clieinisiry  in  ihe  Marjlund  Col- 
lege of  Pharmacy.  New  (nth)  edition.  In  one  8to.  vol.  of  490  pp.,  with  44  woodcuts  and 
;7  colored  ulntee  itiiistniling  A8  of  the  most  important  chemical  testa.     Cloth,  $3. 2d. 

work  which  rmplilly  pa«»esta  itiifnurtlt«>lliloD    (fnnl  a(  comrarlnon  for  testa  drpendlof;  on  colors, 
da  no  rtirthvr  proof  of  harlnr  achteved  a  suo-    and  frfqiieotty  itpoa  their  change*,    To  the  i>rao> 


ilti'iQtT.who  If  likely  to  be  coofroDtrd  at  anv  ilmt 
with  inip<>rtaDt  pathological  or  (oxlc<ilni{Icaf  t{ue»- 
tlon«  to  D«>  an^vr^^ed  by  the  teni  tatko,  tlti*  Tolume 
Witt  be  of  the  utmosi  ralu*.  Such  it  hao  proTed 
lo  th*  t  oMt,  and  the  author  has  accordingly  been 
enahlrd. through  rrcqiient  anil  lliorotigh  reviKloDS 
to  keep  hi.<*  work  con.^tantly  in  t^mch  with  tta 
proKr«>^Hof  llB  science  and  the  beat  meihoda  of  Its 
pr«t««Dlatlon.— A'ttinu  Oly  Mtdieat  Imtex,  May. 
1893. 


IR 
Id  the  freeebt  raM  the  oraljns  lo  favor  are 

ebrlodt.   Emanaiiog  from  an  osperleoced  teacher 

of  OBediral  and  phnrmarcutlciti  »tadent8  the  rol- 

uraa  l«  c)o<(eIy  adikpted  to  thetr  need^.    This  In 

ahowo  not  only  by  the  careful  selection  and  clear 
r,prM«Dintlnn  uf  It*  f>utjeot  mntfer,  but  by  the 
'^colored  p<K('s  of  renrtion*,  which  form   a  unimiA 

feature     Erery  teach(*r  will  appreciate  the  saving 

4Mr  hi*  own  time,  and  the  adTaDtages  a<"cnilnR  to 

the  fltudeot  from  u  permanent  and  accurate  man- 

Fownes*  Chemistry.— Twelfth  Edition. 

A  Manual  of  Elementary  ChemiBtry;  Theoretical  and  Practical.  By 
Georok  ToWNiis,  I*h.  r>.  Kiiilhxlvine  Watts'  Phygical  and  Inorganic  Chemi^ry.  New 
Amer  t-an.from  tiie  twelfth  Knglisli  edition.  In  one  large  royal  12mo.  volume  of  1061 
|HigeB|Witn   168  engravings  and  a  colored  plate.     Cloth,  f2.75;  leather,  $3.25. 

Fownea*  CKamUttry  ha*  been  a  slaodard  text- 
book npon  chemistry  for  many  years.  Itf>  merits 
are  very  fully  known  by  cheroliits  and  phynlcians 
«T«rywnere  m  UiU  nonntrrand  In  England.  Ak 
Ihe  Ml'^nre  ha^  advanrod  by  the  making  of  new 
dlacoTerlca,  the  work  hat  been  rerlsed  bo  %n  to 
kvep  It  abreast  of  the  time*.  It  has  steadily 
mafnt«lned  ItJi  im.aitlon  aH  a  text-book  with  medi* 


calstudentA.  In  this  work  are  treated  fully:  Heat, 
Light  and  ElectnoltyJacludlDg  Magnetism.  The 
InnaeacB  exerted  by  thene  forces  in  cliemlcal 
action  upon  health  and  diiieaftn,elc.,  N  of  the  moat 
important  kind,  and  should  be  familiar  to  every 
medical  practitioner.  We  c«n  commend  the 
work  n»  one  of  the  very  best  text-book*  upon 
chemlatry  extant.— Ofnciniwih  Jfad.  ffctei,  Oct. 'U. 


Attfield's  Chemistry.— Twelfth  Edition. 

Chemistry.  General,  Medical  and  Pharmaceutioal;  Including  the 
Chemistry  of  the  U.  S.  Phatiuacopaeia.  A  Manual  of  the  General  Principles  of  the- 
Science,  and  their  Application  to  Medicine  and  Pharmacy.  By  Jous  Attfield,  M.  A., 
Ph.D.,  F.  I.e.,  F.  R.S.,  etc.,  Professor  of  Practiral  Chemistry  to  the  Pharmaceutical! 
Society  of  Great  Britain,  etc.  A  new  American,  from  the  twelfth  English  edition, 
K>ecially  revised  by  the  Author  for  America.  In  one  handsome  royal  12mo.  volume  of 
782  pages,  with  BS  illiistrationa.   Cloth,  $2.75;  leather,  $3.25. 


AlCfield'a  ChemlF«try  ta  the  most  popular  book 
among  f>tudenta  of  medicine  and  phaxmiu-r.  This 
popularity  rente  upon  real  merit".  Aitfield>wnrk 
combiuev  In  ibe  tapple»t  manner  a  olrar  expo^l- 
lioD  of  the  theory  of  chomUtry  with  the  practical 
application  of  thta  knowledge  in  the  everyday 
dealtn({«  of  the  phyti<-ian  and  nhiirmoi'l^t.  HIpi 
book  la  precUely  what  the  title  ciaimb  forlU  The 
•dmirable  arranKcmeot  of  the  text  enablea  a 
reader  to  get  a  good  Idea  of  cheniiiiry  without 
the  aid  nr  experiment*,  and  again  It  la  a  good 
laboratory  guide,  and  Anally  li  contaloft  auoh  a 


maae  of  well-arranged  Inrormatlon  that  It  wU)  al- 
waya  R«rre  aa  a  handy  book  of  reference.  Ha 
doee  not  allow  any  uuuMllKable  koowtedg*  to  illp 
Into  hla  book;  hla  long  veara  of  experience  hara- 
prodnoed  a  work  whTcn  Is  t>otb  Mlentlflc  anci 
practical,  and  which  nhutii  out  erfryihlng  in  the 
nature  of  a  superfluity,  and  therein  IIq»  the  secret 
of  lie  auccaia.  This  laat  adltlon  ahowa  tha  marka 
of  the  latest  progreaa  made  In  ohemlatry  and  cham- 
Ical  teacblnr.— il^rw  OrUimt  Mmkeai  and  SitrgieiU 
JoMTwat,  Nov.  1880. 


Bloxam's  Chemistry.— Fifth  Edition. 

Chemistry,  Inorganic  and  Organlo.   By  Charles  L.  Bloxam,  Profeesor 
of  Chemistry   in    King's  C<>lUge,    [»ndon.     New   American    from    the    fifth    London 
edition,     thoroughly   revised    ami  much    improved.     In    one    very    haudeome    octava 
Tohime  of  727  pages,  with  292  illustrations.     Cloth,  $2.00 ;  leather,  $3.00. 
Comment  fTom  ua  on  thla  standard  work  la  at-  I  complain  that  ohemlatry  la  a  hard  study.    Maeb 


mowt  i>nperflu<'>iift.     It  dlffeni  widely   In   scope  and 
Im  fri'tn  ilml  of  AttReld.  and  in  lL>t  way  in  t'qui^ly 


beyond  crttlcUra.     Itadopte  the  moei  direct  meih 
\iiea, ' 
lia  lanri 
nment  of 
qncDce  that  Oie  student  never    ha^  occaalon  to 


ods  lo  Slating  the  prlnclp 
Tta  langi 
and  Ita  arrangement  of  matter   so  lo^cal  In 


hypotheses  and  facta 
of  Ihe  fwrleiica.    I(a  luigiiagp  la  ao  tarae  andluftld. 


attention  Im  paid  lo  experimental  flluatrattooaof 
chemical  princlplea  and  phenomena,  and  tha 
modeofconductlngtheaeexperlmenta.  Thabook 
malDialna  thaposinoD  It  hai^  always  held  aaooa  of 
iha  b««t  mannala  of  general  chemiatry  in  tba  Kng- 
llab  Ungaafa.— i)e<ro»<  Lancti,  Feb.  ISH. 


^  Luff's  Hannal  of  Chemistry.— Just  Ready. 

W  A  Manual  of  Chemistry.     For  the  use  of  ntudcntBof  medicine.  By  Abthu* 

I  P.  Lrrr,  M.  t).,  K.  Sc.,  Lecturer  on  Medical  Jurisprudence  and  Toiicological  Chemistrr 

I  fit.  Mary's  Hoepitul  .Medicul  8chot  1,  London.     Id  one  12mo.  vol.  of  522  pages,  with  «ft 

I  engravings.     Cloth,  $2.00.     See  Sttulfjtta'  SerUt  of  Manuals,  page  30. 


Greene's  Medical  Chemistry. 

A  Manual  of  Medical  Chemistry.  For  the  use  of  Rtudenta.  By  William 
H.  Greece,  M.  D..  Domnn^trntor  i>f  Chemistry  in  the  Medical  Department  of  the  Uni- 
Tenity  of  Pennsylvania.     In  one  12mo.  volume  of  310  pnges,  with  74  illus.     Cloth,  $1.75. 

Lmi  Bro(h9r»  A  Co.,  Publiah$r$,  70$,  708  i  710  Sanaom  Strft,  Ph/hd0fphia. 
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Chemistry — (Continued),  Pharmacy 


Vanghan  &  Novy  on  Ptomaines  and  Lencomaines.— 2d  Editton. 


Ftomainee,  Leucomaines  and  Bacterial  Froteids ;  or  the  Chemi- 
cal Factors  in  the  Causation  of  Disease.    IJv   Victoh  C  Vaighax,  PL.  I)^ 

M.  \l,  VrofenfioT '}(  VUysUAo'/ical  and  I'atholoeicji!  themistrv,  and  Aneociaie  Professor  of 
Therapeiu'u'a  and  Muleriu  Mfdica  in  the  Cnivtreitv  of  Michigan,  and  Frederick  G- 
KovY,  M.  D.,  Instruetnr  in  Hygiene  and  Physiological  Chemistry  in  \he  University  ol 
Michigan.  New  (second)  edition.  In  one  handsome  12mo.  vol.  of  389  [lages.  Cloth^  $£25. 
Thii  book  fsooe  that  Isof  th»  greaten  Import  I  and  MOlurtao.     It  coduIdi*   tnformntlon   which 


I 


U  not  em^ily  obt*liie4  eliutwbvre,  aod  which  u 
of  ft.  Ulod  thiU  DO  medlc&l  tbiak«r  •hoa'd  b* 
wUhouU— 7%«  Amrrican  Jwamal  of  CA«  MttJiml' 
Samc*M,  April,  ltU2. 


anee,  and  th«  modern  phyvleliin  who  kccepts 
b*ct«rt&l  pathology  cannot  hare  a  complete 
knowledge  of  ilil^  «iihjci:(  iinl«M  be  hu  carerully 
pcnisad  It  To  the  loxlcolofcfiit  the  ^abjsot  is 
allka  nf  great  import,  aji  well  an  to  th«  hyKit^ulnt 

Remsen's  Theoretical  Chemistry.— New  (4th)  Edition. 

Principles  of  Theoretical  Chemistry,  with  special  refiercDoe  to  UmI 
Btitniion  of  Chemiral  (^)n)iK)iinda.     By  Ira  Kkmpkn,  M.  D.,  Ph.  D.,  Profe«or  of 
istry  in  the  Johrie  Hopkins  Uiiiverbity.  Btiltiuore.     Fourth  aotl  thoroughly  reviaed  edl*^ 
lion.    In  one  handeume  royal  12mo.  volume  of  325  itiges.     Cloth,  $2  00. 
Tha  fourth  edition  of  Profen»or  Roin«eD'p  well-    Intlon  Into  i^arninn  and  I; 


known  hook  romen  iigaln,  enlarsed  end  rerltt'd. 
Each  ediilOD  hayeahaaced  iti  Talue.  We  mity^iiy 
without  henltntion  tbnt  It  Is  a  stnndiird  wora  on 
the  theory  of  chenilitrT,  not  excelled  and  scarcely 
equalled  by  anyoUier  lo  Any  language.    lu  tMDiM 


nlted  poelllon  nnd  the  e*^' 

by  the  most  promlDenl  ct.. 

thin  little  work  u  lending  pl^ce  la  tit*  ct>«aii«-4 

literature  of  thin  country — TA«  JmertMK  /owwaf' 

.,/  the  Mt'hral  Sncnft*,  July,  llKC 

Charles'  Physiological  and  Pathological  Chemistry. 

The  Elements  of  Physiologioal  and  Pathological  Chemistry.   A 

Handbook  for  ^leilical  Stndenta  and  Pntctitiouers.  Containing  a  general  account  of 
KutritioDt  Foods  and  DigeAiion,  and  the  Chemistry  of  the  Tiatiueii,  Ornos,  Secretioni  and 
Excretioua  of  the  B<xly  in  Health  an<I  in  Disease.  Together  with  the  methods  for  pre- 
paring or  separating  their  chief  conatiluenta,  ae  also  for  their  examination  in  detail,  and 
an  outline  Hvllahtm  of  a  practical  course  of  instruction  for  students.  By  T.  C'RAjrarotJa 
CUARLK*,  M.  r».,  F.  R,8.j  M.  S.,  formerly  A^sliitanl  Professor  and  Demcmstruior  of  Cbern* 
isini'  and  (^liemii^l  Phvinic!),  Queen's  College,  Belfast.  In  one  handsome  octavo  Tolome 
of  463  pages,  with  38  woo<lcul8  and  1  colored  plate.    Cloth,  (3.&0. 

Dr.  CharlA*  l«  fully  ImnrvMed  with  the  Impor*  nowadays.    Dr.  Charl»i  has  devoted  maefe  me* 

tance  and  practical  reach  of  his  subject,  and  he  to  the  elucidation  ot  unnary  mystcrl««.    EUomi 

has  treated  It  in  a  competent  and  iDHtructlre  man-  this  with  much  detail,  and  yet  In  a  practical  aed 

ner.     Wo  cannot  recommend  a  bettvr  book   than  Intelligible  mnnner.    In  fact,  the  author  hae  filled 

the  present.    In  fact,  It  fltldagap  In  medical  teit-  his  book  with  many  prarttcal  hlDii^.—JfadtMl  A» 

book^,  and  that  in  a  thing  which  can  rarely  be  raid  ord,  December  uu.  1884. 

Hoffmann  and  Powers'  Medicinal  Analysis. 

A  Manual  of  Chemical  Analysis,  as  applied  to  the  ExamlnstioD  of  Medi- 
cinal Chemicals  and  their  Preparations.  Being  a  Guide  for  the  Detenuinalion  of  iheii 
Identity  and  Quality,  and  for  the  Detection  of  Impurities  and  Adulterstioiu.  For  the 
use  of  PharaiacisU,  Physicians,  Dniggists  and  Manufacturing  Chemists,  and  Pharmacen- 
Ileal  and  Medical  Students.  Hy  Fueuerick  Hoffmann,  A.  M.,  Ph.  D.,  Public  AnnlvBt  lo 
the  State  of  New  York,  and  Frederick  B.  Po^VEB,  l*h.  D,,  Professor  of  Analytical  dhon* 
btry  in  the  Philadelphia  College  of  Pharmacj^  Third  edition,  entirely  renrittea  and 
much  enlarged.     In  one  octavo  volume  of  621  pages,  with  179  Uluslratioos.    Cloth«  %^^&, 

Parrish's  Pharmacy.— Fifth  Edition. 

A  Treatise  on  Pharmacy :  Deiugned  as  aText-book  for  the  Sttutent.  aod  ta 
a  Guide  for  the  Physician  and  Pharmaceutitut  With  many  Fomiulie  and  Hreacriptiona. 
Bv  Edwaki)  Paubisu,  lute  Professor  of  tlie  Thef'n.-  and  Practice  of  Pharmacy  in  the 
Philadelphia  College  of  Pharmacy.  Fifth  edition,  thoroughly  revised,  by  Thomas  ft. 
WrEOAND,  Ph.  O.  In  one  handsome  octavo  volume  of  1093  pages,  with  256  Ulustnliaaa 
aoth,  16.00;  leather,  $6.00.    

Caspari's  Pharmacy.— Preparing. 

A  Text-Book  on  Pharmacy,  for  Students  and  Fhanuaoisto.  By 
Crari.t»  Campari,  Jr  ,  IMi.  <  i.,  Professor  of  the  Tlieorr  juid  PruriiLO  oi  Phaiuiairf  la  li* 
Maryland  College  of  Pharmacy,  Joint  Kdllor  of  The  yathiml  l>i^**  nsatory  {>(  19^  Is 
one  very  handMime  octavo  vohime^  richly  illuatratetl. 

Ralfe's  Clinical  Chemistry. 

Clinical  Chemistry.    Hy  Charles  H.  Ralfi^  M-D^  F.R.C.P. 
Physician    at   the   London  Hospital.     In  on«  pocket-sice  12mo.  volume  of  S14  pu*^ 
with  16  lllus.     Limp  cloth,  red  edges,  (1.50.    8e«  SttuUnuf  SerU$  of  AfontiAtt,  pags  3aL 

Ua  firothsrs  &  Co  .  Pubfishtra.  706,  708  4  710  Sansom  Street  Ffirfadefph'tL 
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JUST  READY— NEW  AND  THOftOUGHLY  REVISED  EDITION. 

The  National  Dispensatory. 

Contnining  the  Natural  Hi.storv,  CheruUtry,  PliarmRcy,  Actions  and  U»eeof  Medt* 
neSf  incliiiling  thone  reoognizeot  in  the  Fliarmncop(piftK  of  the  Unite<]  States,  Great 
ritain  and  Germany,  with  numerouB  references  to  the  French  Codex.  H7  Alfiibd 
STfLLE,  )L  D.,  LL.D.y  Profess  >r  Emeritus  of  the  Theory  aotl  Practice  of  Medicine  und  of 
Clinical  Metlicinc  in  the  University  of  Penm^lvnnift,  John  M.  Maisch,  Phar.  D.,  late 
Profe«or  of  Materia  Medica  and  Ituuny  in  Philadelphia  College  of  PharmocT,  Secretaiy 
to  the  American  Pharmaceutical  As»<x:iHtion,  Charles  Ca^paki,  Jr.,  Ph.  G.,  Profenor 
of  Pharmacy  in  the  Maryland  C-ollege  wf  Pharmacy,  Rallimore,  and  Henry  C.  C.  Mairch, 
Ph.  {}.,  Ph.  D.  New  (fifth) edition,  thonHighly  revised  in  lu-cordunce  with  the  new  U.S. 
Pharmaoo|VFiA  (Seventh  r><.»cenniHl  Kcvision,  IH*t4).  In  one  magnificent  imperial  octavo 
Tolunic  of  V.UO  pages,  with  320  eni^ravings.  Cloth,  |7.'25,  leather,  $8.00.  AViih  Ready 
Reference  Thumb  letter  Index.  cli_>lli,  ^7.7o;  leather,  fH.SO. 

OX  the  rirst  appearance  of  7^  XfUionnl  Dispenaatnry  Hfteeo  yean  ago  it  was  at  onc« 
reo')gniKed  hy  the  phnrmaceiitical  and  medical  profeasioDs  aa  satisfy iog  the  need 
for  a  work  atKirding  all  neccinary  information  upon  ita  subject,  with  authoritative 
accuracy,  and  with  a  completeness  and  convenience  attainnhle  only  by  the  exclusion  of 
b»lele  m.itter.     Itssuccees  in  tilling  thi.'^  wuot  is  fully  attested  by  the  rapid  demand  for 
re  editions  and  the  opportunity  thus  aHltrdcd  ha^t  lieen  well  u»ed  insiicct>8sive  revisions, 
h  plscing  it  ahrcust  of  the  day  and  maintaining  the  characteristics  whicli  had  won  for 
i  a  leading  position. 

Of  all  iLs  issues  the  present  en))>odi&(  the  results  of  the  most  exhniu^tive  revision. 
The  sweeping  changes  in  the  new  United  States  Pharmaoopceia  arc  thoroughly  iacorj>or- 
uled.  with  ullicial  anthoriuition  of  the  (J'jmmi'tee  of  Revision,  and  full  use  has  bven  maile 
of  all  vsbiahle  uiAterinl  In  the  latent  issiu^  of  foreign  PhArm:ic')jirpia8.  The  volume  is 
accordingly  rich  in  phartuaceu ileal  and  chemicAl  information,  with  dnla,  formulas,  tables, 
etc.,  gathered  from  all  ofllcial  sources,  but  this  a>nslituttrs  only  a  single  department  of  its 
usefulness.  As  an  encyrlr>p»iia  of  the  Inte-^l  and  )>e8t  therajK-utical  knowledge  it  ileals 
not  only  with  all  official  drugs,  but  also  with  all  the  new  synthetic  remedies  of  value 
aud  with  the  unuthcial  prepirations  now  so  Lirgvly  in  use.  Pharmacists  will  apDreciate 
its  sy»^tematic  de»w'riptions  of  the  materia  medica,  il-^  clear  explanations  of  cheaucal  and 
phurmaoeutical  processes  and  testa,  and  its  illustrations  of  important  drugs  and  of  the 
znrwt  improved  apparatus.  Physicians  will  readily  perceive  tlie  Indisp^^nsable  a^eistance 
ffered  by  its  .lutnoritativestateinenis  as  to  the  efficacy  of  dnigs  in  the  light  of  the  most 
cent  medical  advances.  Arranged  alphalwtically  in  the  text,  this  information  is 
laced  most  suggestively  at  c^mim^nd  bv  the  reoouimendalions  gn>u|)ed  under  the  various 
iseaseiio  the  Thempeutical  Index,  'together  with  theGeneral  Index  this  covers  more 
than  one  hundrcl  treble-wjluranc  1  paices  containing  25,000  references.  The  immensitr 
of  detail  ronipiisefl  in  this  fiioKle  volume  of  1900  pages  in  thus  most  forcihiy  imiicatea. 
Though  the  present  edition  contains  far  more  matter  than  its  predecessor  it  in  maintained 
at  the  same  price  in  view  of  the  ever-incrfasing  demand.  Weights  and  Measures  are 
given  in  both  Ordinsry  and  Metric  Systems. 

In  brief  the  new  edition  of  TA^  Xittional  Ditipcnttniory  is  presented  to  the  medical 
and  pharmaceutical  professions  as  the  e<piivAlentof  a  whole  librsrvof  pharmaceutical  and 
therapetitic  information;  it  is  the  stnndanl  of  accuracy,  the  embodiment  of  completeness 
without  inconvenient  bulk,  and  a  marvdt  of  cheapness  owing  to  the  widespread  demand 
for  it  as  Uxt  authority 


Tbe  eareftil  examlnstlon  of  thin  large  Tolume 
wtll  ftrik*  th*  r««d*r  with  iMirprine  at  the  Kteat 
Dnmber  of  new  artlcl«i  addwd,  and  th«  amount  of 
afwHil  aad  aeoiirat^  lofonnaUon  reitsrdlog  tlielr 

firopertlftfl,  m«thodit  of  preparation  BO>t  therfti>«U' 
leal  mfTtcU      The  Ur^e   numlwr  of   new  ariloI»a 

conLaloIng  nil  thA  lat«^t  .xyath«tlr  renio<li«A  an^l 

unofflr^ld  renie'lie^,  compass  tlit!  ^oiire  ran^e  of 

available  lofornittlnti  Id  ih9  line  of  th^  work.    A 

Dumbftr  of  very  I'ornplAiM  taSlffs  htvettivr  wtih  all 

ihe  ottlcial  rp-a^frttw  and  >4oliitlnnH  ?<>r  qualitative 

and  quaatltatife  t«9tii.  appear  In  the  app«u<llx. 

Mtog«therthU  work  m»lntAiD«  ltd  previou*  hl^h 
tputatloD   for  atrcurany,  iinw^llcai  utprulnetN  add 

aacyeloptedle  noope,  and  Is  lodlspensabl*  alike  to 

tba  pharmsolet  and  phyMolaa.    Every  drarglst  i  maoeaUeiU  profewlooa. 

know*  of  It  and  'i^es  it,  and  almoac  every  pnyel-  |  yimt  JowmiW,  Afiirch,  H- 

clan  properly  oonsulte  It  when  dantroiiti  of  •ettnnK 
[mtl  doubtful  qoeBtloiu  reKardlng  the  pmporiieti, 
Fwcparailon  sod  uses  of  drtiri.— UfadiC'i'  /JM-x^r^ 

AprilT.irji.    ^^m  4  -4 

The  description!!  of  m«t«>rla  m»itloa  are  clear, 

thorougb  aaa  ^ytttemallc,  *«  am  also  thH^iplnoa- 

tioat  of  ohemlcul  and  pharmaeeutloal  proce«>*e» 


and  testa.  The  therapeutical  portion  ha«  bsen  re- 
vU«d  with  etjaal  care  and  the  KlaiemenU  of  the 
ar-lloo  and  uftaa  have  tieea  uranKed  not  only 
rtlphahetiealty  under  the  various  drug^,  but  for 
praf^tlcal  me>ileal  utefulnost  hareaUomwo  placed 
ut  the  tn»tant  commaad  of  thoite  >eeklnK  lofor* 
mation  in  the  trentmeot  of  special  diiieiuMa  fay 
tiefnK  arraoK^d  under  the  Titrlotis  dii»<*>i«tte  to  a 
then'^utloii  mdfx.  The  r«i>  lln«««  with  whieh 
any  nf  the  vatti  j»niountof  lnfiirinaLii~>o  eontaioed 
In  thi*  work  la  mtite  available  Kh  indicated  by  the 
twenty-live  thoutaod  refi-rencA*  In  the  two  In- 
d«X9*  al  thM  end  of  the  volume^— £)o4f'*«i  Mflitnt 
nrvl  Sur,j,e,rl  Journaf ,  April,  lki04. 

it  la  the  official  guide  fur  the  medical  and  phai^ 

—  Bajfilo  Medical  nnaSttr- 

►4. 

The  book   In  refHstn mended   moat   hl(;hly  \9  a 

book  of  reference  for  the  phy^l  'Ian  and  i<t  Invaiu- 

ahle  tn  tb#  driiK^lRt  In  hlii  *v^ry-day  work.— 9>« 

ffcof  ■'/*.  Mivrrh,  iS'tl. 

T<  'he  t>itpen*at«>ry»hoiildh«reoog> 

nix*  1   .  : '1  <(  indarJ.— r'»<  iVorfA  jtflUTMM 


£«a  Brothert  A  Co.,  PublithTt,  706.  708  A  710  Santom  Stre»t  PhUad^lphla, 
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A  System  of  Practical  Therapeutics 


BY  AHERICAN  AND  FOREIGN  AUTHORS. 
E<Jited    by    HOBART   AHORY   HARE.    H.  D. 


Prnf«noro/  ThmijteHlici  ami  Afaierui  M'dica  i.i  the  Jf^enon  Medical  Cutttge  nf  PhiUutetftKta. 

\n  awrieii'if  motributionfl  by  seventy-eight  eminent  anthuritiM.     lu  three  Urge 

octtiTo  Tolumes  of  3544  pages  with  434  illustrations.     Price,  ncr  volume:  Chal).  <^.0^; 

leulber,  $(5  00 ;  lialf  Ktuatu,  $7.00.     For  salt,  by  tvhKripiion  omy.     Addr€aB  the  PublUken. 

Full  prospect u*  free  to  any  addrtt*  on  appluxUhn. 

The  TKrloiiB  illTtAlonN  hare  been  el«baraled  by    Is  the  irefttmeolof  d(»»Me,  aa<l  awork  wlilch  coo- 


J 


tnen  MlMt«d  fa  vlt^w  (»r  thetr  xpAclal  nmecfl.  In 
•r«ry  cue  there  Im  to  be  found  aclearaDd  coDctne 
deicrlpllon  of  the  ill»eiiMP  under  oonftlderation, 
oorrefliKiadlnK  with  the  raont  recent  enl  well- 
•Rtabllahed  views  of  ihe  iiubjftcl,  embracing  appo- 
■tie  pictorial  llluxtratlou*  where  thene  are  Dece»- 
■ary.  la  ireatlng  of  Che  employment  of  remedloii 
and  therapeutical  mrar-nres,  the  wtlterii  hare 
beea  aiDgularly  happy  In  fclTlntt  in  a  definite  way 
the  exact  methods  employed  uud  tlis  r(*Nuli!i  ob- 
tained, iKith  hy  thom^(*lTpn  and  others,  bd  that  one 
CDiichi  Tenture  with  confidence  to  Uite  reniediei* 
wltn  which  he  was  i»reti  'iinly  f  ntlr^Iy  unf»mlUar. 
Th«f  LTfti'tiduuvr  could  hnrJiy  dcslro  a  txijlt  un 
practical  thempeatlcf>  which  he  could  consult  with 
more  lnU*reftt  and  prohL — T>^  Softh  Av%trienn 
Prtictitwner,  beptemtMr,  iNfli. 

The  scope  of  thla  work  Ia  beyond  that  of  any 
prerloaa  one  on  the  »itbjBCt.    The  goal,  after  all, 


tributes  to  lia  euoceiiMfiil  niaoagemrDt  u  u>  tM 
looked  upon  as  of  ra^t  une  to  humanliy.  )t  cao- 
DOt  t>e  denied  l-hat  therapeutic  re-  :  <«r 

the  treatment  be  conAned  to  the  n^  ri*- 

tlon  of  druKP,  or  allowed  ti4  tnor«  •",  ;  pll- 

cstioD  to  trie  managefntfiit  of  dt-'-vi-o,  hive  eo 
greatly  muliiplled  wtthia  the  last  ft-wi  yearo  ••  to 
render  prcTloas  ireaii>eft  of  little  value  Herela 
will  tM^  fouad  the  great  value  of  narv'*  rnt'Vclt^ 
}>«dic  work,  which  group*  together  within  a  afogla 
5erles  of  Tolumee  (he  mo^t  modem  methoite 
koowD  Id  the  management  of  df««a«e,  and  **$*• 
clsUly  dfftl*  with  Important  eubjacta  ootnpreua* 
aiTely,  whjrh  could  o.>t  b«  don*  in  a  more  limited 
treatise.  We  caonol  commend  Har»'<i  Sy%um 
0/  t*^aeUent  Tktroftruttt*  too  hlghry;  it  eUiad* 
out  flrat  and  foremoitt  a>  a  work  to  6e  eoonilud 
hv  aiiiliora,  tea'^hrrit  and  phyaiciana,  throofboal 
the  world.— 6«^aJo  Mtd.  And  nMvy.  J-mr.,  Aug  IML 


Hare's  Text-Book  of  Practical  Therapeutics.— New  (3di  Ed. 

A  Toxt-Book  of  Practical  Thorapoutics:  Witli  i-^jwial  Kcfercnwio 
the  AppUcutinn  of  Hemedial  ^feasuresi  to  Disease  and  their  £tu  ploy  went  upon  a  Ratiooii 
Bnsis.  By  Hobart  Amorv  Hare,  M.  D.,  Profraeor  of  Therupeiitic*  iind  Materia  Medicm 
in  the  Jefferson  Medical  College  of  Philadelpliia ;  Sec.  of  Convention  for  HeTlsion  tif  U.  S. 
Phannacoiweia  of  1890,  With  special  chapters  by  Dr8.  O.  E.  ue  Hchweikitz,  Edwabd 
Martin,  J.  Howard  REEvt-st  ami  P.arton  ('.  ifiRj^r.  New  {M)  and  rerued  ftlitiaa. 
In  one  octavo  volume  of  6Hti  pages.  Cloih,  $3.75;  leatlier,  $4.76. 
The  fliudeot  of  other  workt>,  has  often,  Indeed,    preseotedwitbooteaiu  tolt^n-'  '  nmf 


very  often,  loni{<*d  for  lesm  uf  the  at'-trai'i  m;it»-rl 
medlCB  and  morv  of  ihe  pra  ■tii^'Hl  kp|iiicatlon  i-( 
dragM  todlReaiie.  In  thli  work  thai  want  i»  filled. 
Tbe  drug*  are  arranged  alphabetically,  whii^h 
«nab1ea  one  to  find  any  name  quickly,  and.  with 
the  excellent  Index  at  thn  eml  of  the  volume, 
caught  U  left  to  be  desired  In  the  way  of  quick 
reference.  Each  drug,  inclndiog  all  the  newer 
remedies  which  hare  been  proved  to  poineMi  true 
merit,  U  coni*tdered  in  a  ralkrmal  and  ■'^leDtifio 
manner.  This  work  alao  preoentfl  ua  with  nearly 
AM  pages  of  practlcftl  therapentio'4,  »f  applied 
Co  tne  indlvlaual  dlaeaites.  The  tinhJeetH  are 
arranged  alphab«tlcal)y.  U  la  in  the  chapter  on 
DuK^au  that  the  aludeat  flndu  the  rKli-'oale  of 
iherapeutlcii.  Thin  aectioo  in  properly  the  com- 
plement of  the  former,  Id  which  men  drug  va* 


0'ip»  diiieA-<e^,  whl'e  in  the  Im 

con<*lderrd  very  fully  from    ■  ud- 

polnl.  the  appHcatlona  and  ••p*-- i«i  ii  <ii"r(1mti»  of 
Ihe  different  remedlee  lo  thedltTercnt  phM««of 
iLut  piirtlcular  atfectloD  being  giren.  It  U  not  a 
wonder  Ihnl  tbia  work  wa«  quif^kly  adopted  by 
many  coltege«  im  a  text- book  Hud  »o  lll»rr*Ilx  pur 
chued  as  to  oeceeHltate  the  publication  nf  a  third 
edition  within  two  years.  The  student  will  Qod 
lt«  page*  nilfd  with  the  oholcent  of  therapeutical 
lore,  «y^temaUcAlly  arranged  and  rteariy  :4ud  forvi* 
biy  pref«Dted  ;  the  practitioner  will  appreciate  ita 
rationality  and  il>  general  tiilllty  ae  an  elbow  eon- 
ealtnot.  It  conlaluv,  without  (fucatino,  th«  b«el 
expOBltfon  of  modern  ttieraueiiitr*  of  any  t*zV 
book  with  vrhlch  wcare  acquainted.— T^eCMsH* 
Oinieat  finitv,  March.  IMQ. 


naisch's  Materia  Hedlca.— Fifth  Edition. 

A  Manual  of  Organic  Materia  MeditMi ;  Being  a  Guide  to  Materia  Media 

of  the  Vepetahleand  Animal  Kingdoms.     For  the  Use  of  Student*,  I>ruggista,  PiiaruiaciatA 
and  Physicinns.    By  John  AL  Maisch,  PJmr.  D.,  Prof,  of  Materia  Medioa  and  iJ^d^^ny  in 
College  of  Pharmacy.    New  (fifth)  edition,  thortju^hly  revised.    In  ooa 


the  PliUiLdel[ihi:L 

very  luuids<mie  12mo    volume  of  544  pages,  with  270  engravings. 


Cloth,  $3.00 


This  Is  an  excellent  manual  of  organic  matarla 
roedleia,afl  are  all  the  work«lliHt  emanate  from  the 
■kllful  pen  of  9uoh  a  nm-'^t'^P'ful  teacher  a.**  John 
M.  Mftlseh.  The  Dook  4P*-akf)  f«rti9elf  Inthe  moat 
forcible  language.  In  tnt*  «dltion  before  Ui  whl'^h 
In  the  nflhoo"  piihli-'hed  wllliin  the  comparatively 
•hnrl  npace  6f  eiji^ht  y^nni  (koiI  Itxia  it  the  be*t 
proof  of  the  gr^at  raluo  of  the  work  and  the 
JuHt  favor  with  which  It  ha*  been  received  and 
sccepLed),  the  oriKlnal  conteuta  hare  t>eeii  thor- 
onghly  reriF<ed  and  muci  good  and  new  matter 
hat  been  incorporated.  W#haveDothlngbatpraiii> 
for  Profe»M>r  Malech'f  work.    U  preeaate  ooweak 


f'oint,  ercn  for  the  mo«t  severe  rrlil«. 
ully  Nuwlain*  the  widii   and    welt—<>^ 
lion  of  lt»  pr>|iiihvr  anthor.    In  th<- 
work  ofwhlch  it  tre-tL*  it  ie  fully  i; 
recent  observations  and  lnr«»-.t«,., 
care^il  )>eniiial  of  the  Itook,  v, 
recommend  MuX-icti'it  ifnuui 
Midirn  ftq  one  of  t^e  beot,  if  :.    . 
the  !*iil>j'!'*t  lhu»  far    publi*-lit*d. 
cannol  well  be  dUpeQNud  irlth|anii  .f. 

gtata,  pharmaclaL^  and  phyiuciaoA  i. ..^  .4  ■  ^>w» 

SMS  a  copy  of  snoh  a  ralaabie  bcwk.— JUc^mbI 
iVnM,  December  31, 1S92. 


The  book 

of 

...^r  a 
■«i(ai*  to 
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Edes'  Therapeutics  and  Materia  Hedica. 

A  Text-Book  of  Therapeutics  and  Materia  Medica.   Intended  for  tht 

Use  of  8tiidenU  and  Practitioners.     By  IkODCRT  T.  EDts,  M.  D.,  Jackson  Prof«MBor  of 
Ginical  Medicine  in  Harvard  University.    Octavo,  544  pp.    Cloth,  $3.50;  leather,  fl£0. 

Ua  Brothtn  A  Co.,  Publi»h«r»,106,108  &  710  $(tn$om  Sir9tt  fhUatittphtQ. 
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Practice  of  fledicine. 
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Flint's  Practice  of  Medicine.— Sixth  Edition. 

A  Treatise  on  the  Principles  and  Practice  of  Medicine.    Deitigiied 

for  llie  use  of  StnHenUt  nm\  I'rartitionen*  of  Me<licine.  Hy  Ai>Ti>"  I-YiXT,  M.  I*.,  m  D., 
Proffssor  of  the  IVuuipU-^  and  Prattic*'  o(  Medicine,  nml  vf  Clidifnl  Mtdicint:  in  Uelle- 
vne  IE  >9|)itfll  Medu-til  College,  N.  Y.  Sixth  editiun,  thoroiighlT  rerised  and  rewritten 
by  llie  Author,  aiaisted  by  William  II.  Welch,  M.  D.,  rrofewor  o/  Pftthology, 
Johiid  Hopkins  Uiiiveraity,  Baltimore,  and  Austin  FLlJfT,  Jr.,  M.  D.,  I*L.  D.,  Prufeflsor 
of  Pbysiulogy,  Bellevue  Ilfjepilal  Medical  College,  N.Y.  In  one  very  handfiom-  ocLaro 
Tolauie  of  1160  pages,  with  illufltratioas.    (Jloth,  $5.50;  leather,  €6.50. 

la    city,  (own,  Tlllue,  or  %.t  torn*  crom-roadi,  la 
PIlnt'H   Practiet.     W«    make  thU  st*t«>iT)«Dl  to  ■ 


No  t«xt-book  on  th«  prluclpl»ii  »nd  pr»n(lc#»  of 
metllrln*  haj*  «T<>r  met  In  tliin  i^oiinlrj  with  nuch 

Ssneral  ftpnroTftI  by  metilrftl  rtiKlentK  ind  practl- 
DDor?  as  the  work  of  Pr9fet<)>or  Flint.  Id  aJI  th* 
medical  coll0g»tKof  the  I'DiUjtl  dtat«i«  tt  Ih  t)if>  fa- 
vorite work  apan  Pracilce;  aotl,  u>  we  harp^tal^d 
before  in  allOiilDg  to  It,  there  i^  no  other  medical 
work  that  can  be  ao  geuerally  found  iu  the  libra* 
rlett  nf  phyviciann.  In  every  Rtate  and  territory 
of  thlffranteoiintry  the  book  that  will  be  most  likely 
to  bp  found  in  theofRre  of  nmeillcal  man.  whether 


considerable  ex  ten!  from  peraooalobHerTailoa.and 
U  !■  the  teptimoDy  al»o  of  otherH.  An  examine 
tir.'N  show*  that  very  coo»lderable  chaniffii  hava 
been  madeln  thehlxth  edition.  The  work  mayun> 
ctouhliMlty  b«  reearded  as  fairly  represi'Dilog  the 
prevent  ntate  of  the  •eience  of  medicine,  and  at 
reflecting  the  TiewH  of  thoee  who  exemplify  Id 
their  practice  the  present  ntareof  progrewiof  med* 
tfal  art  — Onnntiofi  Medxcal  .\cw«,  OcC  1886. 


Hartsliome's  Essentials  of  Practice.— Fiftli  Edition. 

Essentials  of  the  Principles  and  Practice  of  Medicine.  A  Handbook 
for  StudenK*  and  I*  nwt  it  ion  ere.  Uv  Hknky  I[AKr*iiokNE,  M.  iK,  LL.  D.,  lately  Prtifeasor 
of  Hygiene  in  the  University  <if  IVonsYlvania.  Fifth  etlition,  thoroughly  reviaed  and 
rewritten.     In  one  ]2iuo.  vol.  of  669  ptigee,  with  144  tllua.     Cloth,  $12.75;  half  leather^  $3, 

Farqnharson's  Therapeutics  and  Materia  Medica.— 4tli  Ed. 

A  Quide  to  Therapeutics  and  Materia  Medica.  hy  Kohert  Far- 
QrnARflON,  M.  T>.,  F.  R.C.  P.,  LL.  Xh,  lecturer  on  Mattria  Miilii^  at  St.  Muryy  Hospi- 
tal Medii-al  .S<*Irm)I,  Ixjtidon.  Fourth  American,  from  the  fourth  Knglish  eilitioD. 
Enlarged  and  adapte<l  to  the  U.  8.  Pharmacojwiu.  By  Frakk  WooDBray,  M.  l>.,  Pro- 
fe«or  of  Materia  Medica  and  Therapeutics  and  Cliniral  Medicine  in  the  Medico-Chi- 
rurgical  College  nf  Philadelphia.  In  one  banilanme  12iiio.  roi.  of  581  pp.  Cloth,  $2.50. 
It  mav  corr««tlvber*Karded  a**  the  moat  modem  i  eopoBlaii.afi  well  aaoonflfderlnK  all  noo-oftiolal  but 
work  of  Its  kind-  It  ii  concii^,  yet  complete.  |  important newdruf^.ltbecomeolnfactaiutniatur* 
Containing  an  acconol  of  all  remedlea  that  have  ;  dispeniatoiy. — Partfic  Mtdieal  Journal,  June,  18W. 
a  place  lo  the  Britlnh  and  railed  BtAteo  Pharma- 

Brace's  Materia  Medica  and  Therapentics.— Fonrtb  Edition. 

Materia  Medica  and  Therapeutics.  An  Introduction  to  Rational  Treai- 
mvDt  By  J.  MrrciiELL  Brick,  M.  D.,  F.  B.C.  P..  Physician  and  Lecturer  on  Materia 
Medica  and  Therni^eutics  at  Charing-Crc^s  Hospital,  London.  Fifth  edition.  In  one 
12mo.  Tolume  of  591  pagen.   Cloth.  $L50.     Se«  StwimXd  fieruA  of  Mnnwii»,  page  30. 

Th«pharma'N>lo^aodthernpeuticiiof  efl''h  dru^  part  of  the  b«>ok  contains  an  outline  of  general 
are  giren  with  greiilfiiloenK.aod  the  indlcittiontfur  therupeutlcK,  vtvch  **t  the  ^ymptomn  of  ttte  body 
It*  rational  employment  In  the  practical  (reiitment  being  taken  In  turn,  nnd  the  meihoda  t>f  treat- 
of  dlaeaeeare  pointed  out.  Tne  Materia  Medica  mentilluatruted.  A  lengthy  nutlceofabook  aowell 
proper  ooaiaino  al<  that  i*  Dece^Hary  for  n  medical  koowa  la  uanaoaaiaDr.— Ju«i.  O^mic/c,  May,  lasi. 
fltudent  to  know  at  the  present  dny.     The  third  . 

AND  COMPLICATIONS,  FATALITY  AND 
PR(.>ONO.SIS.  TREATMENT  AND  PHYSICAL 
DIAONOSIS;  In  a  Berlei  of  Clinical  Biudlee.  In 
ooe  octavo  volume  of  44i  Mice*.    Ctoih.  t^  so. 

FLI.VrS  ESSAYS  ON  CONSERVATIVE  MEDI- 
CINE  AND  KINDRED  TOPICS  In  one  very 
handsome  royal  llmo.  volume  of  210  pagea. 
Cloth,  $1.38. 

A  TREATISE  ON  FEVER  By  Roaaar  D  LvMif, 
K    C   C      In  oneflvn.  vol.  9fsl4pp.    Cloth.  $3.86. 

LECTIRES  ON  THE  STUDY  OF  FEVER,  By 
A  HcMUN,  M.  D..  M.  R.  I.  A.  In  one  octavo 
volume  of  9ns  pageH.     Cluth.  t!-A0. 

LA  ROCHE  ON  YELLOW  FEVER,  in  im  Hlatori- 
cal,  Patholnciral,  Gtiotogloa  and  Therapeutical 
R*latlr>nN     T«oorta*r.Tf>l-  .I4««pp     ri,,ih.t:m. 

BBUNTONS  riMKMAOOLOGV.  TIIEUAPKU. 
TICS  ANC  MATKKIA  .MEMCA.  Oct:*To.  1306 
pngeii  2.'i(l  IIIii«ir«iiMn*. 

HkHMAN-V'S  EXJ'ERIMENTAL  PITARMACOU 
OOY.  A  Handbook  nf  Methods  fnr  DetermlnInK 
tho  PhyHloloKlPtti  ^oiioQ  of  Drug*-  Trnnalateo, 
with  the  Auihor'a  p<»rmI»«ion,  and  with  ext«D* 
•Ive  additlon^  by  It  M.  Smith.  M.  L>.  I2mo., 
100  tll^r•^  with  a;  iiiii>trAtion<i.    Ciut'-.  tl.AO. 

STILLE'H  TnERAPElTK^  AND  MATERIA 
UEDICA.  ASy^tematl'  TreaH^e  on  the  Action 
and  Usea  of  Medicinal  Agents,  including  their 
Deaerlptlon  and  Bintory.  Fourth  edition,  re- 
vised and  enlarged,  la  two  octavo  rolomaa,  001^ 
toining  103A  pagea.    Cloth,!  1000;  leather, 911JMI. 


COHEVS  HANr'BOOK  i»P  APPLIED  THKKV- 
PF.rT  <'^  H-tngaStudy  of  Prlncipleo  Applic- 
able and  an  Kxpoftlttoo  of  Method*  I'.mployed 
In  the  Manaicemeot  of  the  Sick.  B<  Suk.mum 
SoLit  CuHrw,  M  Dj  Profeaeor  of  Clinical  Medl* 
cine  and  \pnMed  Tberapeiitlcii  in  the  Philadel- 
phia I'olycHolc.  In  one  large  t2mo.  volum«, 
with  lllii!*(ratlnn».     Prtp'^winn 

REV.VOLr*-^'  SYSTEM   OF  MEDICINE.    Edited 

KJ.  Rca-Kii  RiYsoiDfc.  M  D  ,  Prof-^"or  of  tne 
inclplee  and  Prariii-e  of  Med.  In  rnlvernlty 
CoUege,London.  With  note-  nnd  n'JdMlonit  by 
HcyRT  KABTiauitsx.  A.  M  ,  M.  1» ,  late  Profcipor 
of  HygleQe  in  the  ralrcrtilty  of  Pennsylvania 
Three  oolavo  volumes,  containing  :uk'^i  dotibte- 
columned  page*,  with  :in  lltu*lratlnii«.  Price 
per  voltime.  cluih.  $>'>»0:  nheep,  HciQ;  half 
Riioain,  Sfl-fO     Huh-erxyttum  onhi. 

WATSONS  LECTliRES  ON  THE  PRINCIPLES 
AND  PRACTICE  '»K  PHYSIC  From  the  fifth 
Eogllith  edition  Edited  with  addition-,  and  IW) 
tJluatraUoaa.hy  Hixar  UAanaoaKL  A.M^  M  D., 
laie  Profereor  of  Hygiene  in  the  university  of 
Peniuylvanla.  in  two  large  octavo  volumes  of 
tM0pe««8     Cloth,  9a.no ;  leather,  t1 1.00, 

FLINTS  PRACTICAL  TREATISE  ON  THE 
DIAGNOSIS.  PATHOLOGY  AND  TREATMENT 
OF  rHSEASF>i  OF  THE  HEART.  Second  re- 
vhed  nnit  rtihirgcd  edition.  In  c>De  octavo  vol* 
nme  of  r/>n  page",  with  a  plate.    Cloth,  M. 

FLINT  ON  PHTHISIS:  ITS  MORBID  ANAT- 
OMY.  ETIOLOGY.  SYMPTOMATIC   EVENTS 


Uq  Brothers  A  Co.,  Publishers,  706.  708  A  710  Sansom  Street^  Philadelphia. 


Lyman^s  Practice  of  Medicine. 

The  Principles  and  Practice  of  Medicine.    Tor  Uie  Dm  of  Meilical 

StudenU  nmi  PrftPtiiitmcrs.  Ity  Hesky  M.  Lyman,  M.  D.,  Pmfessor  of  ihe  IMocifilM 
actl  Practice  of  Medicine,  Hush  &[e<licnl  College,  Chicago,  in  one  v«>n-  handsome  octuTO 
volume  of  92i  pH^es,  with  170  iUustrtttioos.     Cloth,  $4.76;  lenther,  $6.76, 


I 


Tht«  U  an  •io*ll*nt  tr^Hdwr  on  the  nraellre  of  i 
me«iirlne,  vr»ltt<n  l<y  one  who  1»  not  only  ranilllar 
with  his  suhjm't.  bm  who  hiw  ulsolparnedlhroiigh 
practical  ^xp*Ti*uce  iu  teaching,  what  art*  lUe 
needs  of  the  i>1nileDt,audhow  to  firescat  the  facU 
to  hU  mlod  Id  the  mod  readily  asatmitAhle  form. 
Although  the  book  coDtalna  over  ninehuodred 
p«9<rM,  there  hiw  bean  no  Hpace  waited  by  uwlei"* 
nivl'tricul  e^vaya,  prolonjced  dUL-Uft»lnn«  on  de- 
batable topi''!',  or  "paddlnff"  of  any  kind.  Each 
•ubject  ift  taken  up  in  order,  treated  clearly  bat 
briefly,  and  di^tmiEuwd  when  all  ha«  been  ^aid  that 
needueaaidin  order  to  rIto  the  rpailer  a  clean- 
eutpicture  of  the  dlwane  under  dit4CU<>nion.  The 
rMMer  fa  not  coufuKed  by  havinKpref^uted  to  him 
a  Tarlety  of  different  methods  of  treatment,  among 
which  he  Ir  left  to  choorte  the  odb  moat  ei^Hy  of  eze- 
ctitlon,  but  the  author  deBcribeatheone  whkh  1p, 
lo  hlft  Judgment,  the  bcftl.     Thl^  I- &-  It-tionld  be. 


What  the  «tndent  ahontd  b«  tAiight  (•  the  OM 
moBi  approved  method  of  irealmant  U'e  have 
»poUen  "f  the  work  oe  one  for  rhp  'tti'lfn',  tad 
this  becauM  the  author  occi^i  ;a 

position  aa  a  teacher,  but  wp  ^.  "t^ 

itood  thai  it  Ift  adapted  only  !  r« 

ia  many  a  praclitioneror  ten  >  d- 

Ing,  whohan  been   un.ible   t<>  it 

adTuncea  made  In  medlcul  -.  (• 

work  will  be  of  great  ui<e.    llewii!  .-h 

^utiject  pre<4«nt«d   in   ita  latent  >•■[  'y 

Hurn  theorlei>  mentioned  a«  hare   l-  ty 

B'^cepted  hy  the  hlgheet  atithortUr<  ii 

cat  and  bn^y  man  who  naote  t>  a 

Khori  time  all  the  iieoeaiary  facte  '■  i.e 

iiathology  or  treatment  of  any  d1e«ai>r,  win  hnd 
here  a  aafe  and  confealent  guide. — MtAiaU  Rtt^ 
orxt,  October  22, 1*92. 


Tbe  Tear-Book  of  Treatment  for  1894.— Jnst  Ready. 

A  Comprehensive  and  Critical  Review  for  Practitioners  of  Medi- 
cine and  Surgery.     In  one  12nio.vol.  of  50L  pu^es.     Cloth,  $1.50. 

For  special  commutations  witli  periodicals  see  pages  1  »nd  2. 


Thli  la  the  tenth  year  of  thU  valuable  work, 
whlsb  oomea  to  hand  with  unerring  regularity. 
U  would  be  dltmcult  Indeed  to  Imagine  a  book 
more  nearly  anited  to  the  everyday  oeedii  of  the 
medicnl  practitioner  or  writer  than  thit).  I'he 
contrlhutora  to  thlit  Tolume  are  among  Die  moet 
prominent  and  well-known  wrllerit  ana  leat'hers 
of  the  day,  and  their  articlea  and  oplnlona  will  be 
appreciated  by  all  who  are  fortnna'e  and  wlte 


enough  to  aeoure  ibem.  It  1»  the  verr  book  Iba 
buey  pra-tltloner  n^ed*.  He  pan  And  nnylhlac 
pertaining  to  any  f>ubject  in  a  momeniH  lime,  ana 
he  may  rest  aasured  that  it  la  the  roo«t  modern 
and  reliable  ilew  now  accepted  It,  year  by  year* 
keep!  him  apprised  of  imp4trta.Dt  edVaiioea  fa  all 
branches  of  medicine,  and  prevents  them  tn  a 
well-ooodenaed  and  ola>">ifted  form^— 7i« 
httt  Maduat  Joumtf^  April,  Uff4. 


The  Tear-Books  of  Treatment  for  1891,  1892  and  1893. 

12iuuB.,  4.S5  pages     Cli'th,  ^\.^)  eiwh. 

The  Tear-Books  of  Treatment  for  1886  and  1887. 

Similar  to  above.     r2mo8.,  320-341  pagee.    Cloth,  $1.26  each. 


A  System  of  Practical  Medicine. 

BY  AMERICAN  A  VTHORS. 

Edited  by  WILLIAM   PEPPER,  M.  D.,  LL.  D., 

PBOY06T  AND  PROFfflBOR  OF  THE  THEORT   KTSV  FRACnCE  OF   MCDICIKK  AUD  OF 
CLINICAL  MEDICINE  IN  THE  UNIVERfllTT  OF  PENNSYLVANIA. 

Tht  eompUte  trort,  in  fit't  volumes,  eorUaining  5573  pacff*,  with  198  iUnstrationM^  u 
iVic«  per  t<o/um«,  cloth^  $5;  leather,  $6 ;  hfxlf  Rumia,  $7.     S>ib»eription  only. 

•  •  Thep*eat«atdl4tlnctlTelyAmerican work  on 
the  pmctlee  of  medicine,  and.  Indeed,  i^e  aupcr- 
latlTo  adJectUe  would  not  be  Inappropriate  were 
even  all  other  producilona  plaoeil  lo  oomparleon. 
An  examination  of  the  ATe  TOlame»  U  auRteleot 
to  oonvtnce  one  of  the  magnitude  of  the  enter- 

Krtae,  aodof  the  tiucoe^v  which  has  attended  Ita 
ilfllmenu— 7%«  diaduai  Agt^  July  -2^  IMS. 
The  feeling  of  proud  aalbfactlon  with  which  the 
American  profeasloo  eeea  thi^  Ita  repre^eautWe 

syatem  of  practical  medicine  iaxued  to  the  medl-  mucn  oi  tne  ittnray  lodepeodeDce  of  ukmbEU  as< 
cal  world.  I*  fullT  )u»tlfled  by  the  character  of  the  nrlginallty  that  I*  a  natir>aa)  charaoterletJc.  Tm  do 
work.  The  entire  caate  of  the  Hyntem  1»  In  keep-  where  i<'  there  lack  of  study  of  the  moat  adraaeed 
log  with  the  beet  thoughte  of  the  leailerf>  and  fol-  ,  rlewa  of  the  dtkf.—X,  C  M«d.  Jour^  depl.  MA, 

Habershon  on  the  Abdomen. 

On  the  Piseaaes  of  the  Abdomen;  CompriBin^thoeeortbe8ioinach,uid 
other  partsof  the  Alimentary  Canal,  CEsophagits,  Ctecum,  lotesliDM  aod  Pcritoa«om.  Bf 
S.  0.  HABER.«nnN,  M.  L>.,  Senior  Physician  to  and  late  Lecturer  on  Princlnle*  ainl  Prao 
tice  of  Medicine  at  Guy'ti  Huepital,  London.  Second  American  from  UitrxJ  cnlarred  and 
rev li^ed  English  edition.  InonehaDdsomeoctavo  vol.  of  554  pagee,  with  illna.   C1oto,$3^. 


loweraof  our  home  aohool  of  medicine,  and  the 
combination  of  the  actentlfic  study  of  d[i«aM  and 
the  praoilcal  application  of  exact  and  experlmen. 
tal  knowledge  to  the  treatment  of  human  nal* 
adlea,  maknv  erery  one  of  ui  ahare  In  the  pride 
that  has  welcomed  Ifr.  Pepper'a  labor*.  Sheared 
of  the  prollxltr  that  weariee  the  reader*  of  the 
German  itchooi,  the  artlclet  glean  tbeee  MUse 
ftelda  for  all  that  In  Taluable,  It  la  the  ouieoma  of 
Americas  bralo)>,  and  I*  marked  throocboot  by 
much  of  Che  itturdy  lodepeodence  of  Iboagtu  asd 


Thin  raluable  treatfie  ondlMa»ei>  of  the  stomach 
and  abdomen  will  be  found  a  cyolopiedla  of  infar- 
matloD,  eyf>tematlcally  arranged,  on  all  dlet^aMee  of 
ihe  alimentary   tract,   from    the   mouth    to  the 


rectum       ft   fair  proportion  of  eaeh  chapter 
demoted  to*ymptomt,palholoRy,aBdtherap««ttea. 
— Aew  Tort  J/Micai  Jaumat,  ApiH,  19T9* 


« 
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■osser's  Medical  Dlajgnosis.— Jnst  Ready. 

A  Practical  Treatiso  on  Medical  Diagnosis  For  the  Use  of  StuJenU 
Rnd  PrartitioDers.  \W  John  II.  Mi^-iKU,  M.  I>.,  Assistant  Professor  of  Clinical  Me<licine, 
Univeraily  of  Penn<iy[vnnia,  PhiUilelphla.  ]n  one  very  httndwme  ocUto  rulunie  of  873 
pa^n,  with  162  iltiistratiuns.     (.'loth,  $5;  leather,  $6. 

mended  alike  for  tt«  logical  arniDSflm«Dt,aooQrmt« 
ob0«rvaUon  and  clewoeM  of  «xprwiiloa.  The 
chapter  ou  baeterloloEj  U  etpeclatly  oointneDdo- 
bl»,   because  It  coolalne  erenrthtDK  practically 


Thp  aim  of  the  author  titv  be^n  to  make 
the  work  emlaentty  practical.  Vr.  Mii9»er 
has  Kticreaded  In  briDitDK  toicethrr  u  larice  and 
vuliinble  eolleollon  of  01)11  i<>«l  d^fn  drawn  from  hl» 
o«o  eitended  experleooe  and  from  exhAuxtlre 
literary  lesearch,  and  h'^-*  prenented  ihrm  In  an 
unu»aally  cloir  and  conclae  manner.  Id  brief, 
the  briok  la  thoroiiichly  modern,  readable  and  in- 
•iniftlve,  ivnd,  wp  l>ell<^ve.  »uperlor  to  any  work  of 
th«  kiDd  before  the  rrofeasioD. —  Vmvtrtity  Mtdicai 
M»'J-tirt,  March,  tVl'i. 

Modem  roethoda  of  medlral  t^aohtngand  etudy 
hnv*  rendered  ir'-attMa  like  the  pre'teotaa  abao- 


pre-* 
rk  U 


OPceHsary  for  clinical  work.— JfM.  Bac.Apr.  '2i,''i4. 
The  book  should  receive  a  hearty  reception  from 
*tud«nt»  and  inedind  ineo;  Uconlaini  much  lo- 
formation  r!<B«ntlii1  lo  Kood,  nclenllSo  niadlcal 
work.  It  Ib  with  plenAure  that  we  can  iii^te  that 
the  ^rork  hit«  been  adopted  an  a  t*xt>tK>ok  at  the 
John*  Ilopkln*  Medical  School  and  Harvard  VoU 
Teniliy,  aod  that  It  baa  met  with  marked  approTal 
to  other  tea'hlng  centrea.— /nt<m«{tcnai  Mtdieat 
lDt«  D«c«sslty.    The  present  work  Is  to  b«  com-  >  MagnzinM,  April,  IflM. 

Flint  on  Anscoltation  and  Percnsslon.— Fifth  Edition. 

A  Manual  of  AuscxUtatlon  and  Perousaion ;  Of  the  Physical  Dinirnosts 
of  Di»e»ae»  of  the  Ivungs  »nd  Heart,  and  of  Thoracic  AneiiriKm.  Ity  AusTlJ*  Kmnt,  M.  D., 
LL.  D.,  Professor  of  the  Principles  nn*l  Practice  of  Medicine  in  Hellerue  Ho«pital  Medi- 
cal College.  New  York.  Fiftli  edition.  Edited  by  James  C.  Wit»in,  AL  D.,  Lecturer 
on  PliTsical  Diagnoeis  in  the  Jefferson  Medical  Collie,  Philadelphia.  In  one  band- 
some  royal  12mo.  volume  of  274  pages,  with  12  illustrations.  Clolh,  $1.75. 

Whitla's  Dictionary  of  Treatment. 

A  Dictionary  of  Treatment ;  or  Therapeutic  Index,  including 
Medical  and  Surgical  Therapeutics.  By  William  Wiiitla,  M.  I>.,  Profesaor 
of  Mfttena  Mclifii  :ind  Therapeiuics  in  the  Queen's  College,  Belfast.  Revised  ond  a<Upted 
to  the  United  8lat«  Pharmaooptcii.  In  one  square,  octavo  vol.  of  917  pp.  Cloth,  $4.00. 
We  have  already  dlotlonarlen  of  mcdlolne  aod  1  the  younger  praeUtloner  will  flad  Id  Iteiactlytha 


dlcilonarleM  of  aurgenr;  r>r.  Whitia  now  providet 
ua  with  a  dletiDaaryof^treatmenL  And  reff>r«>nR«t 
lo  the  Tolume  showe  that  it   really    \f  what   It 

firofeeaeii  to  be.  The  fleveral  dleea^ed  condl* 
loQi  are  arranged  In  alphaheilcal  order,  and 
the  method*— medUuil,  AiirgirjU,  di«t«Lio.  and 
ellmatio— by  which  they  may  be  mot,  oonufdered. 
Oo  every  page  we  And  clear  and  detailed  dlrec- 


help  hn  ao  oh*Q  ncedn  In  the  treatment  both  of 
tnofMt  who  are  111,  and  lho«e  who  are  alllag.  At  tita 
»ame  time  the  moet  eiperlenced  members  of  tha 
profeeoioD  may  usefully  consult  Its  pagws  for  the 
lmrpo«e  of  Icnrntnij;  what  Is  realty  truMlworthy  la 
Ihelater  thffrap<>iitin  developments.  The  Diftion^ 
My  li,  In  flhort,  the  recorded  experience  of  a  prac- 
tical  scleolinc  therapeutlit,  who   has  earefuUr 


tlons  for  treatment  HUpporied  by  thf«  author's  |  Rtudled  dl.Mitases  and  disordeni  at  the  bed-side  and 
personal  authority  ancf  eaperieuce  whilst  the  in  the  cooBultlnK>room,  and  has  earnestly  ad- 
reeommeodatloos  of  other  coinpeteot  obeervera  1  dressed  himself  To  the  cure  and  relief  of  his 
ai*  also  critically  examined.  The  txwk  abounds  patients.— 77t«  OUugwio  MtdiCQlJounvil,  AprUf  ISOi. 
with  naefVil,  practical  hioli  and  vtiggestlonN,  end  I 

Fotberglll's  Handbook  of  Treatment— Third  Edition. 

The  Practitioner's  Handbook  of  Treatment;  Or,  The  Prindplea  of 
Tberapeiitios.  Ily  J.  Mil.nkr  KoriiKRtaLL,  M.I).,  Edin.,  M.  K. C.  P.,  Lond..  Physician 
to  the  City  of  I»ndoii  Ho«|)it.-il  for  Diseases  of  the  Chest.  Third  edition.  In  one  8vo. 
Tolumeof  661  pajjes.    Cloth,  $3.75;  leather,  $4.76. 

This  l4  a  wonderflil  book.  If  there  be  such  a 
thlagaN'*medlclnemadeeasT,"  this  Is  the  work  to 
acoomplUh  thta  result-  Va.  Med.  Month-  Jnne,*ST. 


To  have  a  descrlptloo  of  the  normal  physlologl- 

'  prooesses  of  an  organ  and  of  the  methods  of 

Itraatmeot    of    Its    morbid    Rondltioas    brought 


a  great  convenience  to  many  thofiRhtful  but  tnisy 
physicians.  The  pracUc«l  value  of  the  volume  Is 
greatly  increased    hy  the  Introduction  of  many 

firescrlptlons.  That  tha  profeasloD  appreciates 
bat  the  author  has  undertaken  an  Important  work 
and  has  accomnlUhed  It  Is  shown  by  the  d»maB4| 


together  In  a  single  chapter,  and  the  relatlona    for  this  third  edition.— A.  f.  ilsd.yotir.,  June  11/81. 
between  the  twoclearly  stated,  cannot  fall  to  prova  I 

Broadbent  on  the  Pnlse. 

The  Pulse.  I^y  ^\^  I L  Broadbent,  M.  D.,  F.  R  C  P.,  Physician  to  and  Leclur«r 
on  Me<licinc  at  6i,  Mary'8  Uoepital,  London.  In  one  12mo.  volnme  of  312  nsfw. 
aolh,  $1.75.    8ee  ^ierie*  of  CIwkxW  Maimnh,  page  30. 


TANNEIl'S  M^SrATiOKCUNICAL  MKMCINK 
AND  PHYHR'AL  LHAi.NOBlS.  Third  American 
from  tho  f^erond  I^nndon  edition.  Revised  and 
enlsFKed  tiy  Tit.ia-sv  Fdx,  M.  D.  In  one  ]3mo. 
volumenf  :Vi2  pu  with  IIIua.    01oth,3l.&0. 

DAVIS  CI.IMOAL  LECTURES  ON  VARIOUB 
IMPORTANT  DISEASES.  By  N.  &  Davis, 
M.  D.  Edited  by  Paaaa  H.  Davis,  M.  D.  SMOad 
edition.     12mo.  387  pacea.     Cloth.  tl.7A. 

TOUD'S  CLIMICAL  LECTURES  ON  CERTAIN 
ACITTK  LtlMEASES.  In  one-ocuvo  volume  of 
SWoaaas,    n<ith.  *2..V). 

FLINrS  PRALTRTAL  TREATISE  OS  THE 
PHYSICAL  E.XPLORATIUN  OF  THE  CHEST 


AND   THE    DMffN0313    OF    DISEASES    A9. 

KKCTINr,     TIIR     RE:8PIRAT0RY     OIUiANS, 

Second  and  revlMd  edition.    In  one  handsom* 

octavo  volume  of  Ml  pagaa.    Ctoth.  HM. 

8TUROE8'    INTBODUOTION  TO  THE  STtTDT 

OP  CLINICAL  MEDICINE.     Being  a  Guide  to 

the  Investlfcatlon  of  Dlaaaae.    In  one  handsome 

Umo.  volume  of  l:rr  pagaa.    Cloth.  tl.2&. 

'  WAI^HE  ON  THEDiaEASBBOPTHJEHEAm 

I     AND  GREAT  VESSELS.    Third  AmarlMA  adV 

tlon.     I D  1  vol.  Sto.,  416  pp.    Cloth,  iSXa 
I  HOLLAND'a  MEDICAL  NOTES  AND  RBFLEO 
I     TIONS.  1  vol.  flvo.,  pp.  403.    Cloth.  tiM. 
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16  Practice,  Electricity,  Cholera,  Food,  Hygiene 


Teo's  Medical  Treatment— Just  Ready 

A  Manual  of  Medical  Treatment  or  Clinical  Therapeut 
1.  BtrBVEV  Yeo,  M.  D.,  F.  R.  t\  P.,  Vrvf.  of  Clinical  Tlicrnp«iiUM  in  Kin^j's  O  11. 
In  twu  I'imo.  Tolumts  cooLainiaK  1275  pages,  with  illiutnitionfi.     Cluth,  ^'^.JO. 
This  work  I*  dpTOted  entirely  to  the  treatment    euMion  of  the  be^t  m(«thodfl  of  CAxrylng  oat  Ih 

of  dl»e«9«,  h«lng  the  first  we  hare  ever  ateo  of  the ~     ' 

Only  BO  much  of  the  iwLhology  ud  etlol- 


iC8.     By    ■ 
,  London.    S 


kind 

ogy  of  'ti«pe"e  \»  latroduced  as  1»  neceaMry  to  ar- 
riVe  nt  the  ntilonal  indication^  without  which  (he 
adtnlDtntrailoD  of  a  drug  ran  hardly  be  called 
•cleDUflc  Half  a  dozen  choice  formulie  \>y  lead- 
ing plivclclaofl  are  appended  lo  eanh  chapter. 
The  todf-'x  Ift  soarraDftea  that  one  can  find  di^eaje 
and  the  lartuus  rtmedles  at  a  glaoee.  Without 
exasg^ratloD,  we  can  ^tuy  that  one  roald  hardly 
read  ant  thing  atTnrd In);  nl  th«*  pfimp  time  v>  iniirli 

&leaxur«  ana  tirt>fU  hfi  tht!>  eloi^anily  uriiten  and 
pauitfuliT   printed    book— 7%«    Ca*uuia    Mvlieal 
SftoTf*,  November,  iw:!. 

In  Dr.  Yflo'-^  booK  the  Htudy  of  the  treatment  of 
dleease  la  approached,  not  from  the  side  of  the 
drug  omroeay  a»  Id  works  on  therapeiKlcR,  but 
**Aroin  theetde  ofthe  dlseate."  The  varlons  dia- 
eaeeaarpgroaped  together,a»hortarcoant  Uglren 
of  the  cirnlcal  hliitory,  coufMO  and  pathology  of 
«aeh,Bnd  from  aeouvlderatlon  therecT,  Indloaiions 
fortrealm«>Dt  are  arrtv»dat;  then  follow*  a  full  dls- 


lodicatioQ!!.  Each  lectloD  eonfaloa  a  aambar  «f 
preocrlpilons  which  the  author  hiu  foond  moM 
iiwful,  and  nt  the  end  of  erory  chapter  !>  added  ■ 
•election  of  fnrmulip  from  the  writing*  of  rarloaa 
well-known  physloiann.  The  work  It  «»;e«dlDg^ 
practical,  and  the  detalU  of  th«  rarlniia  metbodj 
of  treatment  ;ire  alway*  glren.  Pull  dtrectlont  arw 
giTen  with  regard  to  diet,  mode  of  life,  and  gettr 
eraltreatrTieDt,wh'cb  are  often  a?  (mr>"r(j»nt  a*  tb« 
treatment  by  drug*,— Aftfrf.  Cftron'f-  tp>4- 

The  dlHCUBelon  nf  the  dl^iTpm    .  .«  a 

distinctly  practical  turn  toward  t]-.-  »• 

of  the  book.    SCaadard  formulas  »  •^d 

firim  eminent  praotltloDeni,  and  >•  ■  <^t 

recognised  ?a>ue  are  grouped  in  tti  rlr 

Importance.  The  dotage  r»-c«WeA  <n.:<;!li.  u<i«a- 
tlon,  which  Is  a  feature  that  cannot  be  too  hlglily 
commended.  It  cannot  All  to  b^  an  exceedtnaly 
uteflil,  mugiiettlTA  and  Inelnictiv^*  wnrk  to  ine 
phyilrtan  nho  wl<ihee  to  b«  well  up  la  (ha  praatki 
advanced  And  frlentlfic  therapeutict  of  thm  iaf^- 
Mtdieal  Jteevrd,  November  2,\  UWt. 


Teo  on  Food  In  Health  and  Disease. 

Food  in  Health  and  Disease.  Ky  I.  Burkey  Ybo,  M.D.,  F.R.aP- 
Professor  of  Clinical  Therapeutics  in  King's  College^  London.  In  one  12mo.  Totnm*  of 
690piige8w    Goth,  12  00.     Se^  Serie*  of  Qinical  ManuaU,  pa^  ZO. 

Dr.Teo  tuppUea  In  acorapact  form  nearly  all  that '  compa-t*,  and  he  haa  arranged  arj  T    "  '  Ma 

the  practitioner  requires  to  know  on  theiiahjeclof    materlaln  with  Akltl  for  the  use  of  .  ^r. 

diet.    The  work  la  divided  Into  two  paru— (ood  In  ;  We  hare  teldom  aeeo  *  book   wi..  .or-' 

beaJth  kod  fix>d  lu  di»eaae.  Dr.  V«u  ha>  gathered  {  oughly  realises  the  object  for  whlcn  n  -«»«  wruteo 
together  from  alt  i)uar1er!i  an  immr-nne  amount  of  i  than  tola  UtUe  work  of  Dr.  Yec — SritUk  Jfadiail 
neeful  Informatloo  within  a  eomparntivcly  nmall  i  Journal,  Feb.  8, 1890. 


Bartliolow  on  Electricity  in  Medicine  and  Snrgery.— 3d  Ed. 

Medioal  Electricity.  A  Practical  Treatise  on  the  Applicatioiwof  Cl«t.tricity 
to  Medicine  nud  Surgery.  Uv  KoBEiiTs  Bartholow,  A.  M.,  M.  D.,  LL.  D.,  EnteritiwPro- 
feaeor  of  iMHteria  Medica  anil  General  Therapeutics  in  the  Jeireraon  Med.  CoIL  nf  Phila- 
delphia, etc    Thin!  etlition.  In  one  octaTo  Toltime  of  308  pp.,  with  110  illiUw  Clolh,  $2.50. 

Bartholow  on  Cholera.— Jnst  Ready. 

Cholera:  Its  Causes,  Symptoms,  Patholog^y  and  Treatment.  Bj 
Roberts  Bartholow,  M.  D.,  Lll  !►.,  Emeritus  Pmfeawjr  uf  MMt«>riA  ^le'liia.  i:«neral 
Thenipeulicsund  Hygiene  in  the  Jellervon  M»liail  College  of  Philmleljihia.  In  one  12mo. 
Tolumo  of  127  pitges,  with  9  illuslnitioDS.     Cloth,  $1.2o. 

The-  moat  »rlentlflc  work  on  cholera  extant,  pathology  of  the  dliteaiie  are  detM^rlbed  •'JpW" 
Broad  yet  comprehensive,  concl)»e  but  explicit.  It  ately  lu  a  brief  and  conipraheD»lve  rr-nnner.  The 
lr«at8  Ihe  suhject  In  a  way  to  Invite  but  Utile  criti-    Anal  chapter,  on  the  treatment  of  rholenk  glVM 


cltm.  The  moHt  valuable  chnpter  i»  the  one  on 
treatment,  which,  conniderlng  the  authorV  thera- 
peutical experience,  and  the  great  improvomenbt 
made  n  practice,  Ib  IndeeoT  a  conirlbulloD  to 
medlcnl  literature  worthy  of  more  than  panting 
notice  -  The  Sitdtcal  Fo'  tnfjUttp,  July  1,1   1893. 

The  author  has  nwught  to  make  a  practical  book 
In  the   smallest  compats.    The   pymplome   and 


(he  prophylactic  meuturet.  incIudliiK  <^uarantlB« 
and  the  latent  ther.'i|)euLirfLl  method.*  In  vo^e  la 
India,  Europe  and  Amerina  The  volume  It  wrtt- 
i«D  In  Ihe  author't  uvaal  pif'-^rt  'ivie.  udwllt 
aadsfy  the  dealre  of  any  ac-  lo  obtain 

the  most  reoeot  InfonriBtlnr.  .•■rL—Tht 

iVa«  rorl;Jf«lica<  Journal,  J  l..^  — .. 


Richardson's  PreventiTe  Medicine. 

Preventive  Medicine.  My  i:.  W.  RicHARDeoK,  M.  D.,  LL.  D..  F.  R.&,  F«l- 
low  of  the  Koy.^l  (A.IL  of  I'hyp.,  lyjn.ion.  InoneSvo.  vol.o!  729  )ip.  Cloth,  M;  leatlMr  9S. 
There  i»  perhaps  no  riimilar'work  written  for  scholarly ;  thedL^outaionof  llie  quextloQaftilMaae 
(he  geoerat  pnMio!  that  roDt«in>  tiich  tcnmpl«*te,  Isoompret  enNive,  tnanterl;  and  fully  abrMWiwIlk 
reliable  and  instructive  oollecit'^u  of  dau  upon  Ihe  lairi^  ani  be^t  knowledge  oa  th«eat4*e^M4 
the  dlB«a«et  common  to  the  race,  their  orlKint,  the  prev*  ntive  rrt-anurei  advlaed  ara  aeonMl^ 
catuea,  and  the  measaret  for  their  prevention,  explicit  md  relltV'e.— 7>#^fMPiaan  Jburwal  ^ttt 
Thedeecriptlont  of  dlteaaet  are  clear,  chatte  and    Jftdicoj  5ri«n'-a«,  April,  ISM. 

Itfi  origfn.  Ittn«r7| 


BCHUEIBER'8  MANUAL  OP  TREATMENT  BY 
MASSAtiE  AM'  METHODICAL  Ml'SCLEEX- 
EKClSE  Trnnnlftted  by  Wai.titii  Mrsi.KUins, 
M.  D.. -.f  NVw  VorK  In  r.nft  8vo.  vnliimt-  <.f  ?74 
pp.  Willi   117  eiiftravti  j:- 

CHAMBERS'  MANU AL<  'F  MET  AND  REGIMEN 
IN  HEALTH  AND  SICK.NEiiS.  Id  one  hand 
•ome  octavo  volume  of  302  pp.    Cloth,  t2-7&. 


STiLLfi   ON    CHOLERA;     »...   ...r««,, 

Caumtioa,  Symptoma,  Le*-!  uj 

Treatment.     In  one  hao'N'  -  of 

1tt3  page*,  with  a  chart.    (') 

PAVY'STREATISEoN  THK  H  \(-i  h.>  UF  DI- 
GE'^TION;  li«  Mfor'ler*'  and  their  Trtaiminl 
Frnfii  tlieiteGoad  Loodno  edition.  Innnttoetaio 
volume  of  838  {>ag«a.    Cloth,  ^(Vk 


Lta  Brothers  A  Co.,  Publishers,  70$.  70S  A  710  Sansom  Strsst  Phifaxiolphia. 


Throat,  Nose,  Lungs,  flind,  Nerves. 
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Seller  on  the  Throat  and  Nose.— New  (4th)  Ed. 

A  Handbook  of  Diagnosis  and  Treatment  of  Diseases  of  the 
Throat,  Nose  and  Naso-Pharynx.  liy  Carl  Seileji,  M.  D.,  I.ninrer  oo 
LflryngDHcofiy  in  thtf  Univentitv  of  IVDmylvaniii.  N«w  (4th)  edition.  Id  one  bandsomfl 
]2tnn    Toluoie  of  414  pA^es,  with  107  illiiHtrations  nntl  2  colored  pletett.     Cloth,  ¥:2.25. 


I 


TtiU  lltll«  book  1p  emia«nlly  prAciIeat,  and  wit) 
proT«i  of  Interrtit  not  only  U>  the  »nerlalif)t,  but  to 
the  general  practiiiODPriu*  wc-ll.  il  d^iilh  with  the 
fubjeot  la  ■  olemr  and  dlntlcct  manner,  nod  the 
text  N  CDfiioutly  ibiifitrated  wiili  diaj^mnit  ami 
colored  plat«N.  8o  llttli*  attention  in  paid  nrdt- 
DATlly  to  the  examinaiton  of  the  larvni  that  the 
D*e*J  of  *i)ch  a  br>uk  hax  long  been  fed.  B/  cod 
miUtng  JM  paKe*  aii>>nri»  ran  learn  the  neneftMsry 
manlpiilntiont),  nad,  by  a  little  practice,  aooo  b»> 
eome  npei  t  In  the  ui>e  of  the  laryogfal  tnfrror,  a 
methrNl  of  examloutlou  too  often  neiflecled.  The 
anatomy  of  the  larynx  U  eiplafnrd  with  eDpftcfal 
eftre,  and  the  operative  prncediiref*  for  rarloui 
dleeares  of  the  throat,  ton^lU,  etc.,  are  ciLrefUlly 
explained.  AppmTnti  mtMhodx  of  tifntmeot  are 
dealt  with  In  a  very  aatiiifaoiory  way,  and  aJI  the 
tnofit    iifeful    remedial    agentp    are    denrrthed.— 


Jnttrnatioial  Mfiieal  Maonsint,  Norember,  lf*93. 

.^x  a  i^ide  to  the  pntcutioner  and  a  text-book 
for  the  student,  it  U  UDexcelled,  being  plain.  Ac- 
curate, oomprehecalve  nnd  ple;i.<4anily  wrttien. — 
Aflantn  Metiiral  anH  Surgirn'  Jt  -i ■-■.«',  AiiRuat,  1R93, 

It  In  needleflH  to  oity  tinat  it  iit  ttroiight  up  to  dat« 
In  the  ftilleat  poeelble  eense  of  the  term.  Karely 
hike  any  treatite  on  any  Rpeolalty  met  rilh  a  ix^ore 
eordlal  reception  than  tna  one  under  cou«lder' 
atloD.  A  moet  icenerouB  reroftnltlon  Ik  tflirpn  to 
the  work  of  Amerloftn  larrnKoloclsifl  The  reata 
feature  of  the  preeenl  edition  haii  been  the  ex- 
panaloo  of  that  portion  which  denla  with  the 
dleeiMflof  the  nose.  The  author  la  to  be  com- 
mended on  the  exoellenee  of  hli  work,  tjid  con- 
gratulated that  a  new  edition  htu  been  no  upeedlly 
(^lel  toT.—Mtdtcnl  £<eorri,  NoTember  2A,  UU3. 


Browne  on  the  Throat  and  Nose.— New  (4th)  Ed.    Jnst  Ready. 

The  Throat  and  Nose  and  Their  Diseases.    %  Lknnox  Bbuwnei, 
F.  R.C.S.,  E^  Senior    PhyBician    to    the  Ceolral    L/omlon  Throut   and    Ear   lIoeuitaL 
Fourth  and  enlarged  edition.     In  one  imperial  oct«TO  voltime  of  751    pngea^  with  ]*i6 
illubtniiioiiH  iti  color.  :ind  *i.S5  euKntvings  un  wood.    Cloth,  $6.50. 
Although  quite  cimpleie  enough  for  the  u«e  of       It  la  on  adnalrable  preeentatlon  of  lu-^  subject  In 


■peclalieta,  li  In  at  the  name  time  »o  rlear  ax  to  be 
Of  daily  ralue  Ui  the  general  priirtitioner,  who  will 
And  at  the  end  of  the  volume  a  number  of  well- 
teied  formula*  mott  lo  vngue  at  the  London  boa- 

Sltala    for   dlteaeea  of   (he    Ihroat— The  Oonada 
Itdieal  liceord,  Norember.  lH9:i. 


the  light  of  the  lar^e  clintciil  experience  of  a  care- 
hil  ottvorrrr.  It  in  a  bonk  that  no  »i>^clall<*t  nui 
atrord  not  to  have,  and  thnt  the  grner.iI  phyelclaa 
ran  relv  iipon  w  a  safe  guide  ■ndprAeUcul  adTliter. 
—  TA*  MtiUcQl  AWi,  OoL  1«,  tstta. 


Take  on  the  Inflnence  of  the  Hind  on  the  Body. 

Illustrations  of  the  Influence  of  tho  Hind  upon  the  Body  in 
Health  and  Disease.  Denized  to  elucidate  the  Action  of  the  Ituu^inalioD.  By 
Daniel  Hack  Ttke,  M.D.,  Joint  Author  of  the  Manual  of  Psychological  Medicine, 
etc.  New  edition.  Thoroughly  revised  and  rewritten.  In  one  8to.  volume  of  467  pngefl, 
with  2  colored  plates.   Cloth,  $3  00. 


It  Is  Impossible  to  penuetheee  Interesting  chap- 
ten  wilhniit  Vieing  convinced  of  (he  author'^  per- 
fect Rtnrerity,  imparilallty,  and  thorough  mental 
Krasp.  Dr.  Tuke  hae  exhibited  the  re<)ulBlte 
amount  of  M:lentifloaddre»i>  on  alt  oocaelon>,  and 
(be  more  Intrlr^ate  the  phenomcnathe  mora  flrmly 
haa  he  adhered  to  a  physiological  and  rational 


method  of  Interpretation.  Guided  byaoeoligbl- 
ened  deduction,  the  authnr  has  reclaimed  for 
fwilence  a  mniil  Intereeilng  domain  in  pivychology. 
prerloualy  abandoned  to  charlatan*  and  emplr^. 
This  book,  well  concelTed  and  well  written,  cnaat 
cNimmend  Itself  to  every  thoughtful  understand* 
Ing.— lYfw  KorAifedtca/ Joumo/,  September  ft,  1&84. 


Clonston  on  Mental  Diseases. 

Clinical  Lectures  on  Mental  Diseases.  By  Thomas  S.  CLocffroif, 
M.  D.,  Lecturer  on  Meatal  Diseases  in  the  UniTenuly  of  Edinburgh.  With  an  Appen- 
dix, containing  an  Ahfttract  of  the  Statutes  of  the  United  6t&te«  and  of  the  Several 
States  ftnd  Territories  relating  to  the  Custodv  of  the  Insane.  Bv  Charlhs  F.  Folsom, 
M.D.,  .\»tt't  ProfeMor  of  Mental  L)isea»e«,  Med.  Dep.  of  Harvard  Univ.  In  one  octavo 
volume  of  541  pages,  with  eight  lithographic  plates,  four  of  which  are  colored.     Cloth,  %4. 

Dr.  rolsom's  Abghraet  also  s«|<tLnit<>,  in  one  8vo.  vol.  nf  108  pages     Cloth.  $1.50. 


The  deticrlptlonaof  the  dliieaiiett  and  caH«.<;  are  l  and  deacriptioot  given  afl  to  the  practical  man* 
mple  and  pnactlcal,  hut  true :  and  one  »«e«  aw  be  |  agenient  and  care  of  (he  ca.«ep.  We  can  heartily 
adp  thai  (n<>y  are  Btven  by  cue  perfectly  familiar  r^mmmend  ft  to  the  stad«ot  and  buay  general 


from  daily otw'erratrrm  wttt'i  the  c'ntfp  and  diseases  practitioner.    £>r.  PoLiom's  work  greatly  Inc 
he  la  fpeakinp  of.    One  feature  of  the  book  which  .  the  value  of  Dr  Cloaston'a  book  for  the  American 
eommend*  It  highly,  and  wMrh  Is  not  to  be  found  |  practlttoner— ArcAim  o/  Jftdirinr,  June,  18M. 
In  any  other  worlt  on  mentul  disease*,  1«  Iho  hlnui 

Playlair  on  Nerve  Prostration  and  Hysteria. 

The  Systematic  Treatment  of  Kerve  Prostration  and  Hysteria, 
By  W.S.  Playfaiu,  M.I).,  K.K.C.P.     In  one  12mo.  volume  of  97  pages.    Cloth,  $1.00. 


BROWNE  ON  KC>rn'B  REMEDY  IN  BELATION  ' 
TO  THROAT  CONSUMPTION.  In  one  octavo 
volume  of  l;:l  pager-,  wHli  4A  Illustration*,  4  of 
which  are  rulored.  and  17  rhart!*,     Clolh,  $l.rpO. 

FITLLER  ON  DIBKASK-S  (IF  TRK  lAJNGH  ANL' 
AIB-PASSAGES.  Their  PatholoRV.  PhyelcaJ  Dt 
aSDOeia,  Bymptnmp  and  Tr^aimenL  Pnjm  the 
laoond  and  retii>ed  Eiigllvh  itditiun.  In  on* 
octavo  Toiumr  of  47&  panes.     Cloth,  fU.AO. 

SLADEON  raPHTHERIAi  Its  Nature  and  Treat- 
mea^  with  an  arcuunt  of  the  Hlniory  of  lt#  Pre- 


valenea  InTarlonaCoantrlea.  Second  and  revised 
edition.    lo  one  ISmo.  vol.,  im  pp.     Oloib,  tl.2&. 

8M ITH  ON  CONSUMPTION ;  lu  Early  and  Reme- 
diable Stages.    1  vol.  8vo.,  8U  pp.    doth,  $i.i&. 

LA  ROCHE  ON  PNEUMONIA.  1  vol.  Bto.  of  400 
paitep.    Cloth,$S.C0. 

W1LMAM3  ON  PULMONARY  CONHUMPTIOHj 
iLt  Nature,  Varletlee  and  Treatment  With  an 
analyntx  of  on*  ihooaaad  oasae  u>  exompUfy  ita 
duration.    In  one  flvo.  vol.  of  908  pp.  Cloth,  fLM. 


Laa  Brothers  A  Co.,  Pubfiahan.  706.  708  4  710  Sansom  Street,  Philmdefpfiia. 


i 


Gray  on  Nervous  and  Mental  Diseases. 

A  Practical  Treatise  on    Nervous    and  Mental  DlBeases.    By 

Laxdon  Carter  <»rav.  M.  D.,  I'rofedior  of  L>iBetueft  of  the  Mind  and  Nervous  .Syftem 
in  the  New  York  Pol/dinic.     In  one  verr  haodiome  octavo  Totumeof  $61  (lage^  villi 

168  iUustratioM.     Cloth,  $4  50;  leather,  95.60. 
A  book  thftt  will  b«  welcomed  by  the  m*Q7  who    lost  matUr  thftt  rend*- 


d«»lr«  M  rood«rti  ux^boolc  oq  nerroaa  dUauM 
ttist  U  cDn)pretieD»tTe  Md  prAOtlccJ,  uid  erpeelal- 
ty  full  Id  the  detftils  of  the  treatment  of  thee* 
alfecllone  thi\t  Kre  »n«n:«o  meiters  of  perplexity 
to  ih«  ReDerftI  tiDWtUloner.  It  will  be  foiiDd,  on 
Ihi*  Acoonnt.  to  meet  the  wmqu  of*  Isr^e  Durob«r 
Mrh«p8  better  thwi  would  nuoiheretiunlly  inerl 
torlou9t«ztboGk  lei>9  full  lu  thin  regard.  I^r.irrny 
itstee  la  ht»  preface,  and  It  le  CTldeal  to  uiyone 
penning  the  work,  that  "«Bp«vtal  car*  hu  omd 
taken  lo  make  the  therapeutical  euggeetlooa  euf. 
ficlently  detailed  and  pnelie  to  poTitr  the  raryfng 
BtaK>*«,*ymptomAandconipHcAllonH  of  dlR«ri.«e,  m 
wen  an  to  follow  the  Important  ludicatlnoH  afford- 
ed by  ditTtreatlal  dfaKnoeU,"  and  thnt  "only  that 
knowledge  hmi  been  ailmUted  to  theaa  p*gee 
whleh  haa  atood  the  letii  of  experience."  Us  atyls 
laclear  imd  very  rearlnbte.atifl  tlielIliii*tratloaaare 
nuneroufi  and  excellent.  A  (rlon«»ry  of  .tnecUl 
terniH  ii*  appended  which  will  be  found  uaefii!  by 
the  atudent.  While  It  la  Intended  m  a  lext-book, 
notMaumtog  anyapeolal  knowledge  on  the  part 
of  Ita  readefK,  the  Tolume  la  ftill  or  valuable  orig- 


the  library  of  the  «!>*> 
dlneaee!!.—  A  m<Tt«i»i  J 

.Vone  but  one  of  the  V'T*m<j*f  tit* i.rf  ;<■ 
couniry  c^uld  hate  mrcoctded  In 
within  leas  than  aeven  hundred  pac^- 
on  aervouB  and  menial  dlftea«»e.4. 
loD^  experience  a>  a  tei^oher  an  i 
of  mf'^rmatlon  reKinlioK  the 
iiuhject  h»Te  enabled  blm  to  dli^mrn 
a*  to  what  knowledfce  la  moat  needed  by  the  •hi- 
dent  nnd  piuctlltoaer.  We  wish  that  every  m^di- 
ral  college  could  have  foreriWd  on  llaw'aJlethc 
following:  "Medical  nlhtllem  is  an  error  of  youth 
and  a  confeasJon  of  lmt>oienoe,  tor  .Nature  rarely 
alMlcti-  man  beyond  tne  hope  of  relief.  The 
therapentittt  ha«  enomona  r«ai>urce«."  loo  often 
the  Inalructor  lofjrraa  hlA  pnplU  wUh  rx«^eedla£ 
care  of  the  t^tiology,  pathology,  an<l  dlnjenoate  ci 
dU^A!>e.  r.ud  then  ^ay*  that  ii  la  leeurabla:  be 
makes  no  ftTort  to  tCAch  tHf>m  «that  to  dotoidleTt- 
ate.  itnd  Vr.  i>ray  a  optlmlam  In  in  refreahiM een* 
tra-t  to  auch  Inetructlon.— JVaw  Tvrk  MtdteaT^tt^ 
nal,  March,  W'i. 


Ross  on  Diseases  of  tbe  Nervous  System. 

A  Handbook  on  Diseases  of  the  Kervous  System.  Hr  Jaw 
HoK,  M.  D.,  F.  li.C.l\,  LL.  !>.,  .Senior  .\»Utnnt  Fhysician  to  ihe  MAnrhe?ief  Roftl 
Infirmary.     In  one  ocUvo  toI.  of  725  pages,  with  184  illua.    Cloth,  ^50;  '■  ■  30. 

Thta  admirable  work  la  lnteoi1e<l  for  atodenla  of  1  the  department  of  raedlolne  of  <-ata- 

medidneand  for  «uch  medical  men  aa  hare  no  time  Dr.  Rom  holda  inich  a  high  aeleniiM  i  "->m»i]  thai 
for  lengthy  treatli»e«i.  Inthepreaeot  luManoe  the  |  any  wrlttnga  which  bear  hia  nante  are  aauir«)lr 
duty  of  arranging  the  raat  Htoreof  material  at  the  '  expected  to  hare  theimpreae  of  a  powerlut  totel- 
dlapoaal  of  the  aalhor,  and  of  abridging  the  d»-  led.  In  erery  part  this  handbnok  merit*  tJ>* 
acriptlon  of  the  Hliferent  aapeelp  of  nerroua  dia-  hlgheat  praiae,  and  will  no  doubt  he  found  of  tba 
eaae«,  ba«  been  performed  wUh  alnffularaklll.  and  createei  vaJueto  the  atudent  a«  wall  ae  lo  th«pra0> 
the  reault  la  a  concise  aod  phlloaopnloal  guide  to    tli\on«T.'— Btiinhuryh  MtdicatJournnl^Jua.  1987. 

Hamilton  on  Nervous  Diseases.— Second  Edition. 

NervoiiS  Diseases;  Their  De»cri]nion  and  TreatmenL  By  Aixejc  McLavx^ 
Hamilton^  M.  D.,  Alten.lioK  Physician  nt  the  Huepttal  for  Epite|>tic8  and  Para)ytfc% 
Blnckweira  Island,  N.  Y.     Second  edition,  thoroiighlT 

">lh. 


octavo  volume  of  598  pages,  with  12  illuslratioag.    Clot 


reviBed  and 
HOO. 


rewrittco.    In 


Savage  on  Insanity  and  Allied  Nenroses. 

Insanity  and  Allied  Neuroses,  Pructicul  and  Clinical.  Ur  Ooobgs 
H.  Savage,  M.  D.,  Lectnrer  on  Menul  Utaeases  at  tiiiy's  Knipiul^  London.  In  OM 
12mo.  vol.  of  551  pp.,  with  18  Ulna.    Cloth,  $2.00.    See  Serui  of  CtiiuoeU  Jfanun/a,  p.  80. 

Klein's  Histology.— Fourth  Edition. 

Elements  of  Histolo^.  Hv  K.  Kleix,  M.  D..  F.  R.  8.,  Joint  I.ectar»ran 
Geneml  Anatomy  and  Physiology  m  the  Medical  School  of  SU  Barlholomew'a  Ht»Dltal, 
London.  Fourth' edition.  In  one  12mo.  volume  of  376  pager,  wUh  194  illua.  limp 
clolh.$1.75.    See  Shuimtif  StrUt  of  Manual*,  ^f^  SO, 

cnnclae  manner  in  which  It  la  wrftlas,  Ike 
Ab«enea  of  del>aiable  raatier,  of  eonfllrtlng  rlewv, 
added  to  the  confenieotalae  of  the  book  and  lie 
moderate  price,  will  ai^count  for  ir«  ui 
Buooeaa.— Jkfadieai  Chnmtt/4,  Feb.,  lauv. 


I 


Dt 


The  large  number  of  edldone  through 
r.  Kleln*a  little  bandbook  of  hlatolopEy  h 


rhich 
run 


Blnce  Ita  flrat appearance  In  lAKtiaampleeTldenra 
thai  It  la  appreciated  by  the  med 
that  Itauppllea  a  definite  wanL 


thai  It  la  appreciated  by  the  medical  tluHenl  and 
*  "    "  The  clear  and 


Scbafer's  Histology.— Tliird  Edition. 

The  Essentials  of  Histology,   lly  Kdward  A.  ScnXrsB,  F.  R.  S.,  JodroS 
Profewor  of  Physiology  in  Univereity  College,  London.     New  (third)  edillon.    la 
otrtavo  volume  of  311  pagea,  with  326  Ulustrntionn.     CU)lh,  $3.00. 


BLANDFORD  ON  1>'9AI«ITY  AND  ITS  TREAT- 
MENT. Lecturea  on  the  Treatment,  Medical 
and  Legal,  of  Insane  Patients.  In  one  very 
handeomei^'Avo  rolume. 

jcJnes-  clinical  ok=;krvation8  on  FUNC 

TIONAL    NERVOVS    1>1&0KD£.R3.      Second 


American  Edition, 
volume  of  3IU  prtge^ 

PEPPKR'S  suHorrv    '    " 

(»o^k«»(-«ti;e  I'Jmo.  > 
lliitiratl'iiia.  Liin- 
StwtenU*  Strt**  (if  Mam^nu^  f-ivgc: 


iM  BrotftBrs  A  Co.,  Publishers,  706,  708  A  710  San$om  Street  PhiM^fphta. 


■ 
■ 
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Gibbes'  Practical  Pathology  and  Morbid  Histology. 

Practical  Pathology  and  Morbid  Histology.  \W  TIeneaoe  Gibbes, 
M.  Dm  Profeeaor  of  Pathology  in  the  University  of  Michigan,  Medical  Department.  In 
one  very  handsome  8to.  vol.  of  314  pp.,  with60illiia.,  mostly  photographic.  Cloth,  ^2.75. 
Ttii*  1»,  In  part,  ftn  expftDslon  of  the  little  wnric  Id  hlitnlofjiral  technlqufl,  nbowinK  how  to  repair 
pablt»he<l  hy  the  author  some  ye&nt  %f,o,  and  hU  th«  tlBtiuen  for  i^xamlnatlon,  cut.  BialD  aod  mount 
ftckoowled|$«d  skill  A*  ft  practical  mlero§copin  will    jwcilon^  eio    Tne  f^cond  pari  deal*  with  bac'.erl- 


Itlre  welKlit  to  hU  IntttntctlonN.  Indeed,  m  fuU 
nei»<  of  directloas  aa  to  ihe  modeti  of  InTettLlgatlDK 
morhld  tlasofis  the  book  leaver  little  to  be  deslreX 
The  work  it  throughout  profuiely  llluetrated  with 
rvproducilDQd  of  mlpro  photograph*.  We  may 
nay  that  tne  prn'-.tlriil  hlMtologiMt  will jralo  much 
aivfal  inrnrmaiion  from  the  book. —  7m  Loiuion 
Ln'U4t,  January  '£i,  lt>92. 

The  Btudeut  of  mort)Id  hUtol'^gy  and  baet«rl- 
ology  ha«  at  hi*  hnod,  In  tnU  neat  rottimeof  aome 
three  hundred  pA<e».  a  tawt  excellent  Kulde  a»d 
one  wbtoh.  tinleaa  ha  be  a  very  a'tran^ed  student, 
lie  cannot  atfurd  to  be  wdhont.  The  work  le 
divMfd  lDU>fniir  piarU,  the  Hrat,thataf  pracileal 
pathology.  containloK  ole^ir  and  preclae  dtreetlona 


ology,  Mith  the  dJtTorent  fnrnm  of  cultlratloD. 
mlcroscitplc  examiimllonH  of  the  bacteria,  vtc. 
The  thlra  part,  which  compri<ie4  mor«  ihun  half 
the  hook,  irtan  of  morbid  hbloloior.  TnlF  part 
Is  itiufllratad  with  a  grc-iit  number  of  beautiful 
photo  mlnroifniphB  in  which  the  nilcroaooplc  Held 
is  reproduced  with  a  (ll!iilnctiT^nei<H  that  U  renlly 
remiirkable.  The  fourth  part  coDtAlns  »iome  rery 
practical  Inftruction  on  photouniphv  with  the 
mIrro«cope.  Work*  like  thia  i>[  I>r.  Uihben  will 
soon  popttiarlM  hlatology  nmooK  tne  profeMloo  at 
larg*.  wbareaa   It   Is   now  to  a  large  number  of 

Sbytlelan^  almoit  a  atalad  book.^Mmliral  BtwnL 
at  IT,  IBOl. 


Abbott's  Bacteriology. 

The  Frinciples  of  Bacteriology:  a  Practical  Manual  for  Studenu  and 
PhTBicians.  By  A.C  ABt«/rr,  M.  D.,  First  Aaeistant,  Laboratory  of  Hygiene,  Uoiversitr 
of  Pennsylvania,  Philadelphia.  In  one  12aio.  rn).  of  259  pp.,  with  32  ilUui.  Cloth,  9'i.ii6. 
To  a  persoia  doslrlotc  to  learn  the  technique  of    will  t>e  lo  a  condition  to  carry  forward  th<>  work 


baoterloIoKloal  work,  we  caonoi  recommrnU  uoy 
work  wnlch  will  be  more  suitable  thau  the  uue 
(tefore  n^  Dr.  Abbott  hae  «ho4'D  great  Judg. 
ment  In  the  selection  and  arrangement  of 
hi*  material.    The  student  who  follows  it  oloeely 


for  himself.  Medtral  practltloDertiKeDerRlly  could 
read  the  work  with  profli,  e#pe<iia1ly  th-*  cnaptera 
on  strrilizatinn  ann  dlMlnfuH'tlon,  and  IhtMe  oo 
tuberanlo*i»  and  diphthf  rla  In  the  second  part. — 
Tnt  Oin/vliijit  Pr^ehitaner,  Not.  1,  ISW, 


Senn's  Surgical  Bacteriology.— Second  Edition. 

Surgical  Bacteriology.  By  Nicholas  Sknh,  M.  I».,  Ph.  D.,  Professor  of 
Surgery  in  Kiitih  Mttiinil  College,  Chioigo.  New  (second)  e<lition.  In  one  handsome 
octa?o  of  26}Spp.,  with  13  plates,  of  which  lOare  oolore«l,  and  9  engraving)}.  Cloth,  $3.00. 

makea  It  ponsible  for  the  buiy  praotitloner,  whoea 


Th»  book  in  really  a  ayiitemallooolleetlon  In  the 
mo«t  ooaelM  form  of  t«uch  renulta  an  are  publlHhed 
la  current  medical  lliemture  by  the  atiJeat  workers 
Id  Ihlt  fl»ldof  Murgical  progrf>i<ii;  and  to  ihvm  are 
added  the  aiiitior'*  own  vtewi  and  the  rntulta  of 
hi* clinical  experience  and  original  InreHiigai  ionn. 
The  book  1r  valuable  to  th««  student,  but  nt»  chief 
Talue   lie*   In   the   fai>t   that   xuch   a   compilation 


time  for  reading  i«  limited  and  wnoas  aourcea  of 
lofi^rmation  are  crfien  few,  to  become  ooavcnMoi 
will)  the  mnet  modern  and  adranowl  idea*  In  ttir- 
elcal  pathology,  whiah  have  "laid  the  foundalloa 
for  the  wonderful  achlSTemenu  of  modero  sar- 
gery.'*— jln*«(«  of  Surnery,  March,  \e9i. 


Green's  Pathology  and  Morbid  Anatomy.— Seventh  Edition. 

Pathology  and  Morbid  Anatomy.  ByT.  Hlmrv Green,  M,D.,  l.«cturer 
on  Pntboli>f;r  und  Morbid  .Anatomy  at  Chariiig-Cross  Hospital  Medical  School,  London. 
^ixth  American  from  the  seventh  and  revised  English  edition.  OcUvo,  539  pageS|  with 
167  engrmvings.    Cloth,  $2.75. 


The  Pathology  and  Morbid  Anatomy  of  Dr. 
Green  i»  too  welf  knnwn  by  mpmben*  of  the  medi- 
cal profession  [one«»d  any  commendation.  There 
la  scarcely  an  lnt«tiigeai  physician  anywhere  who 
bv  not  the  work  in  hlfi  library,  for  It  ]p  almoirt  an 
essential.  In  fact  It  l«  better  a>lapt«d  to  the  wants 
of  general  prnv'tttiooent  than  any  work  of  the  klod 
irlin  which  we  are  aeqoainled.  Tha  works  of 
German  authors  npon  pathology,  which  hare  been 


translated  Into  English,  are  too  abatruM  for  tha 
pliyitlclaa.  L>r.  rintvn'*  work  precisely  meets  his 
wlshen.  The  cuta  exhibit  the  aopearaoce*  of 
^laihologlcal  structurett  Just  as  tney  are  seen 
through  the  microacope.      The  fact  that  it  la  so 

Seoerally  emptuyed  a«  a  text-book  by  medical  ato- 
ents   la   eTidence  that    we    hare  not  spoken  too 
much  Id  lie  faTor.— Ci'if intuli  Mtdieal  A*«itt,  OoL 


Payne's  General  Pathology. 

A  Manual  of  Oeneral  Pathology.  IVtii^ed  as  nn  Introdnction  to  the 
Practice  of  Medicine.  By  Joseph  K.  Patne,^!.  I\,  F.  H.  C.  P.,  Senior  A^istant  Physi- 
cian and  Lecturer  on  PathoUigical  Anat«>tuy,  St.  Thuiuiut'  Hoepital,  Ixjndon.  Octavo  of 
624  pages,  with  152  illnstnUionsand  a  colore*!  pUte.     (loth,  $3.60. 

Coats'  Treatise  on  Pathology. 

A  Treatise  on  Pathology.  By  Joseph  Coats,  M.  D.,  F.  F.  P.  S.,  Patholo- 
gist to  the  (flubgow  Western  Intirmary.  In  one  very  handsome  ocuiTo  Toltime  of  829 
paites,  with  339  Iwautifiil  ilIufilratioiu».     Cloth,  $-3.50;  leather,  $ti.50. 

MedlcAl  stiidents  as  wi'll  a.4  physfrlana,  who  manner,  the  changes  from  a  normal  eondltloa 
dailre  a  work  for  study  or  reference,  thai  ireaia  elfeoied  In  struLUure*  by  dif^eAse,  and  polnta  out 
the  ftubjecis  In  tha  rarlouf- departments  in  a  very  the  eharacterUtlo*-  of  rarlooa  morbid  agaootaa. 
thorough  manner,  but  wUImhu  prr)Uxity,  will  e«r-  s:*  that  tliey  can  b«  easily  raoc^nlaed.  Bat,  aoi 
talnlr  give  this  onr  the  prertrtnre  to  any  with  ,  limit«<l  to  morbid  anatomy.  11  explains  fully  how 
whloD  we  are  aoqualnied.  It  cetA  forth  the  most  ,  che  functions  of  organs  are  alaturbad  by  abnormaJ 
It   discoveries,  exhibits,    la   aa    Interesting  I  ooodillonf.—On^tnnati  Jlsdceo/ >"•»•,  Oct  1S83. 

Lea  Brothars  A  Co.,  Pubh'ihers,  70$.  708  A  710  San$om  Strt»t,  Pfiihdefp/iia. 
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Surgery. 


Ashhnrst's  Surgery.— New  (6th)  Edition.    Just  Ready. 

Tho  Prinoiplea  and  Practice  of  Surgery,     hy  John  Asuhttr*^,  Jr. 
M.  D.,  Prore!*»or  of  Surgery  uml  ('linicil  Snr^erv  in  ihe  Univ.  of  Penoa,,  Sur^>n   lo  tk* 
IVuuA.  Ht>9j)ilfll,  Philai^lelplna.     New  (6lh)  eaition,  eoUrged  aod   thorotighW  n'TiMiL 
Ociaro,  1161  piigesi  606  eugruvings  ami  a  colored  pUie.     Clolli,  $tf.OO;  leather,  $7.00- 
AehhurBt'sSur(;^y  malDtaitm  Id  lupizth  edllloD  |  raerliacontlQUAnoeofthvcoofideoc*  of  lt)«prof««- 


the  lilf^ri  HtAnilftrti  of  excellence  which  han  Rlwiiya 
been  lis  ctiariU!t*rti-ile.  Tht?  amhor  hw  so  ihor- 
ouKhly  reTiB«d  his  work  thkt  ine  mofit  recent 
■(ipllaao«BaD(l  mettiodii  in  Hurgrry  urt*  nit^ntloned 
Pr.  Adhhuntt's  well'knowD,  comprohcDBlvi*,  und 
jet  concijM  trcntment  of  the  Titrlou<)  vubjectt  Is 
efOD  mora  maikcd  In  thla  thiin  In  ihe  previoaa 
•dllions.  A  greHt  df*ai  of  new  niHtier  han  btwo 
added  without  mBkiDg  Lhe  volume  unwieldy.  0cm- 
<if>n^fttlon  and  elimlnatfoD  have  been  moil  «kll- 
fully  dune  whtro  o»oeii»ary.— 7%(  Chicago  JittStcai 
£«e)rdrT-,  .lunuary,  1894. 

Tho  BUthor  tia3  been  before  the  Burgieal  world 
BO  long  ftnd  If  M3  Teraatlle  and  resourceful  that 
bin  it«'T<*rBl  editionn  mtv  mpldly  taken  iip  and 
o(her!t  fiilU-iT'  In  r(}ually  prompt  meaAurea  of  lime. 
Aiihtiurot  haa  takvi.   g;r«ac  palna  to  rendar  this 


ftlon.  In  thin  edtllnn  he  has  lDi3orDom*d  an  ao 
couQt  of  tho  Diorp  Imporiant  reotfol  onaarTailoo*  Id 
Huriitcal  ffcience,  ati  well  tut  aaeh  noreltre.  in  nar- 
gtrai  priioticeaBtnerlttiiecliiMlflCK'  '  '••• 

menkt.     Pr  Cbarlea  H.  Nanerede,  i-or, 

ha«  oooirltxitod  anew  chapber  OD  I'll  .   :eii- 

ology ;  I'T.  Ujutna  c.  Ilirat  naj  rerlMd  cJi«  e^ciiooi 
on  Kyoecologifa!  niihjMit*;  and  Dn.  0«ors«  E. 
dsBchwelnfiit  and  )l  Alexander  RaodBll  have  ra* 
vtrei  tne  chapters  on  dlftfAsas  of  the  eye  and  ear. 
Thove  *>urgiM>Ei>'  who  poKsess  earlier  adlttone  of 
AnhhurBt's  treatise  will  initke  biute  lo  obtoin  thl* 
newooe.aod  thote  whoare  aotfamlHar  wlib  the 
work  will  necessarily  add  It  to  their  lihrurlee. 
Surgical  Mclence  fh  bo  ruried  iiud  extentiUr  io  Ita 
appliciiUon,  that  one  mU9t  aeede  have  »i  hand  all 
the  ooQiemporary  authors  extant  in  order  to  keep 


Blxth  e'litlon  fti>ly  equn!  to  the  deronadK  of  the    pace  lnletl1f!«Dt)y  with  Itnprojcravs.— 9hTi/o  Jtfsdi* 
f<'*-.*>n(,  Hri'i    ),A-   •-.'Ti'ttriiiMfd    It   >>n    llneN  which  i  ro/ and  (SuvQienl  'f'tiriui^  BCarob,  18M, 


Roberts'  Modern  Surgery. 


The  Frinciploa  and  Practice  of  Modern  Surgery.  For  the  tine  ofSm- 
denta  and  Praotiiioners  of  Me<lii'ine  and  SurRerr.  By  John  B.  R()BEHT*.,  M,  D.,  Prof,  of 
Anatomy  and  Hiirfferj"  in  the  Philadelphia  Polytlinic.  Prof,  of  Surgery  in  the  Womaii'fl 
Medical  College  of  PennsyWanin.  Lecturer  iu  Anaiotuy  In  the  Univ.  of  Penna.  Octavo, 
780  payees,  501  illusLrationa.     Cloth,  $4.50;  leulber.  $5.50. 


I 

I 


This  work  in  averycompreheD^ire  manual  upon 

Eioeral  lurKery,  and  will  doubtle«!i  meet  with  a 
forab'e  reception  by  the  profsaslon.  It  hai  a 
ihoronghly  practical  rharaoter,  the  <*uhjeettt  htb 
treated  with  rare  judirment,  Iti  conclusions  are  in 
accord  witn  those  of  the  leading  practlllooers  of 
the  art,  and  U«  literature  Is  fully  up  to  all  tiie  ad- 


Tanced  doctrines  and  methods  of  prmcilnw  at  ItM 
prenent  day.  Its  iceoeral  arrautrement  follt 
this  rule,  and  the  author  tu  his  desire  to  be  ena* 
cUe  and  pra'^tlcal  i«  at  times  aliD04i  d"|cinatie,  but 
this  in  entirely  exru'«ab:e  conslderini;  theadmtr*- 
b'e  manner  In  which  he  has  ihUft  t0'.Te«-ed  iba 
uftefulaass  of  his  work.— Jtfsd.  Rm.,  Jan.  17.  IfiVl 


Draitt's  Modem  Snrgery.— Twelfth  Edition. 

Manual  of  Modem  Siirgery.    By  Koblrt  Dbiitt,  M.  R.  C  S.    Twel 
edition,    thoroiiglily  revised  hy  Stanley  Bovn,  M.B.,  B.S.,   F.  R.  C.S.     [□    one  STOb 
viiluiue  of  9(i5  pa^ee,  with  373  illiisinitioiw.     Cloth,  $4.00 ;  leather,  $6.00. 

Tonng's  Orthopsdic  Surgery.— In  Press. 

A  Manual  of  Orthopsadlo  Surgery,  for  Students  and  Practi- 
tioners, liy  James  K.  Yorsy,  M.  L>.,  Instructor  id  Orthopaedic  Surgery,  Univeniiy  of 
Peunsylvaniu.,  Philadelphia.  In  one  octavo  volume  of  about  400  pagett,  richly  illiwtrated. 
The  correction  of  def»rmitie«>  constituteA  so  large  and  important  a  de^mrtiueui  of 
surgery  that  it  cannot  he  adequately  dealt  with  except  in  a  special  treatise.  The  able 
autuor  of  this  forthcoming  work  ha^  provided  a  guine  which  in  cleameaB  of  test  and 
richneas  and  t»eauty  of  illuRtration  will  leave  nothing  to  be  desired.  The  a0ictioaa 
therein  treated  are  unfortunately  freipient  in  eveiy  community,"  and  the  work  is  therefor* 
une  which  will  t>e  of  the  uLmuul  value  lu  the  general  practitioner,  the  surgeon  and  like- 
wise the  ortbopicdist. 

Sutton  on  Tumors,  Innocent  and  Malignant— Just  Ready. 

Tumora,  Innocent  and  Malignant.    Their  Clinical  I-V.-iturt^  and 

Jiropriate  Trealment,     By  J.  Bi.ani>  Sitton,  V.  K.  C.  S.,  A^etiHlanl  Surire'Ti   to  Ihe 
llesei  Uoftpital,  L^iudon.     Id  one  very  handsome  octavo  volume  of  520  pugea,  niih  iJ50 


AIH 

Mid- 


engravings  and  9  ftill  pace  plnie« 
Sutcon    has    without   doubt    written 

I^eoerat  work  do  tumors  which  h 
D  the  Engliflh  language.    Bis  class 
most  excelleut  one,  and  his  clinical  descriptions 
are  olearcDt  and  sharp.    Throughout  the  work 
OOfnpnrative  anatomy  is  hrougbt  tnin  play  an  well 
as  embryology,  and  the  useftuoass  of  these  cora- 


Cloth,  $4.50. 

the  best  parltonn  Is  at  once  apparent  to  Ihe  reader.  II U 
Tlcvm  on  caoeer  are  «ach  a»  will  Immedlalely 
appeal  to  a  rational  mind.  The  larg<»  aiuaber  « 
lllustralioos  ]■  of  the  greates'  hetp  ^lelog  wvit 
made  and  iudiciously  ehoee i.  '   tnataace. 

We  urge  nil  of  our  readerv'  r>|»tMdl>l 

hook.— Tht  SL  LouU  a mLv-i  w.rn,liW. 


yet  appeared 
■IflcatloQ  1b  a 


BrnjSON  mSE4.ME8  0FTHE  rONUDE.  By 
HiLtRT  T  Brrux,  F.  B.  C.6.,  A-slstant  Burgeoa 
lu  fit.  llartholomtw's  Hospital,  London.  In  one 
l?mn.  volimu'  of  4lfai  paees^wlth  8  oolored  plate* 
und  :i  wooticLitA.  Cloth,  8:t.fiO  Bae  Striis  of  Clin- 
r<vt/  iinnuniM   page  30. 

GOULI'd  ELEMENTS  OF  SITROICAL  DIAG- 
NiMlS.  By  A.  i^i.mrx  nv\n.D,  M  S.,  M  B^ 
F.RC.  S.,  As«lstaDt  Surgeon  to  Middlesex  Hoe 


pltal,  London.    I  a  oae  p-wtket-slze  Umo.  Toton* 
of  Mi»  pa|M&    Cloth,  13.00.    8e«  StvdtmtM*  Strisa 
of  M^inu'ut,  page  30. 
PlitKlK-U    PKINCIPLES    AXD    PRACTICE  OF 

aURGERV.    Edited    by  .loa»  Sktcu,  M.  D.   la 
nne  xto.  vol.  of  7g4  pp.  ■■tlLfc.W. 

OANT'S  RTI-'KESrs  - 
JammOot.  F  H  r,; 
1M  engraTiDgs.    Cloiii,  ^    -j. 


L9a  Brothera  A  Co.,  Publishera,  706,  708  A  710  Sangom  Street,  PhUadatpAia. 
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¥liarton's  Minor  Surgery  and  Bandaging.— 2d  Ed.  Jost  Ready. 


Minor  Surgery  and 

r>emnnslrmlnr  of  Surgery  in  the  University 
529  pageB,  with  416  engraTingv,  mnny  being 

It  1b  but  llltia  more  Ihui  two  vraTn  >ko  tliat  we 
pnMishcd  »  r«»lfw  notic*  of  Whftrton'ii  flrnt 
«<lilion.  AKhftt  time,  we  remarked  that  the  book 
WBf'  one  of  the  rery  bei»t  treatlpes  on  minor  put- 
Itery  that  bHd  tieeo  publimlied,  that  It  ought  Ut  be 
adopted  •»  a  text  book  c&  the  Hubjeet«  or  which  it 
Crftaifl,  and  that  ii  cont*ined  more  praoticat  iiur- 
serv  frlthtn  iin  limite  aiid  tvouodarles  tlian  any 
book  of  d"  kind  w«t  h»d  »?er  i^en.  \Vh»t  wen 
trae  of  the  flrnt  edttlon  may  be,  with  propriety. 
repeated  and  accmtuaied  fn  reftard  to  thin  f-eoona 
and  revised  edition.     Iti«  tllustratloof  are  to  be 


,     By  Henry    R    Wiiakto.v,  M.  D., 

of  Penn^vlvania.     In  one  r2nio.  Tol-ime  of 

photographic.    Cloth,  $3.00. 

Mpeciully  commended,  particularly  those  (hat  r*> 

'  late  to  handaictng,  movt  of  which  have  been  taken 

I  fl-oni  photocrapna  of  appHed    bandage*   In    the 

I  Reverai  lopalltlee  of  the   body.    The  author  ha* 

thoroutfhty    revised    that    portion    of    the    work 

relatluK  to  the  a-^eptlc  and  antlnepttc  mpihodii  of 

wound  treatment,  thau  which  there  In  nn  more 

im|>ortiLni  subject  In   the  whole  domnin  of  onr- 

S^ry.     Mnrh  new  mutter  him  heen  »dde>l,  which 

hrlogft  Itabipastof  the  very  latest  knowit-dgeoo 

I  he  iiahjectH  of  which  It  treatA.— ifujTa'o  JhaiM< 

,  and  Sitrffteaf  Jouninl,  January,  181M. 


Treves'  Operative  Surgery.— Two  Volumes. 

A  Manual  of  Operative  Piirgory.  ]w  Fkepkrick  Treves,  F.R-CSu, 
Surgeon  nud  Lecturer  on  Antitoniy  »t  the  Lomlon  lloepital.  In  two  octaro  votumea 
oontatninK  1550  |>afceR,  with  422  engmviugB,  Complete  work,  cloth,  $9.00;  leather,  $11.00. 
Mr.  Trerrn  in  thla  admirable  manual  of  opera-  '  not  fall  to  b*  of  the  greatest  uae  both  to  practical 
Uve  surgery  has  In  each  Instance  praf^tlrnHy  1  surgeoDs  and  to  those  general  practitioners  who, 
assumed  that  operation  has  been  de^'ided  iip{>n  owing  to  their  Isolation  or  to  other  clrcumniaDees. 
and  has  then  proceed vU  to  gl?e  Ihif  rarl<iu«  oper*-  are  forced  to  do  niui;h  uf  ibelrowo  operaUvo  work, 
tire  methods  which  may  be  employed,  with  n,  We  feet  relied  upon  to  recommend  the  hook  to 
crilioism  of  their  cornparallreraue  and  a  detailed  strongly  for  the  ezoelleni  Judgment  displayed  In 
and  careful  dejicrlptlon  of  ench  particular  stage  \  tlie  aruiions  taj>lc  of  selecting  from  among  the 
of  their  performsDCe.  EUpeciel  attention  ha«  been  tho'ioaiidn  of  Tsrvlng  procedures  ttiOM*  most 
ftaid  to  the  preparstory  treiitmeot  ^^f  the  patient  |  wi-rthy  of  des  -rlptiim;  for  the  way  in  which  the 
•od  to  the  details  of  the  after  treatment  of  the  j  still  more  dlUloult  task  of  obooetng  among  the 
caaa,  and  this  Is  one  of  the  mostdlsiincllT**  among  best  of  thoee  has  been  arcompllshea;  and  for  the 
Khe  many  eKi^f'ltentfeKtiiresof  the  book.  We  have  j  simple  clear,  siralghtfiirwnrd  manner  In  which 
DO  he*ltAtion  In  dKclarlng  It  th"  Ite^t  work  on  the  |  the  Information  thus  gathered  from  all  surgical 
fubject  lu  the  KnKllhh  largiisge,  and  Indeed,  in  Ut*'rAtiire  lias  been  conveyed  to  the  rtta<ier.— 
mauy  res(«clji,  the  be*t  iu  any  language.     It  can-  I  Annti'g  of  Suifftrv,  Mareh,  1892. 

Treves*  Student*s  Handbook  ot  Surgical  Operations.  In  one 
■quare  12mo.  volume  of  6l>8  pages,  wuh  91  illustrations.     Cloth,  $2.50. 

A  Manual  of  Surgery,  la  Trealuw  by  Various  Author*,  edited  hy  Fbeiv 
ERICK  Treves,  F.  R.  C.  6.  In  three  12mo.  volnmea,  containing  1866  pages,  with  213 
engravinga.     Price  i)cr  &et,  cloth,  ffi.OO.     fiee  Stiuf/rru/  Seria  of  ManuaU,  page  30. 

We  have  here  the  opinions  of  thirty-three  j  (ha  salient  points  and  the  beginnings  of  new  sab- 
authors.  In  an  ancyclopiMllo  furm  for  easy  and  |  Jects  are  always  printed  in  extr»*hea*y  type,  «o 
ready  reference.  The  three  Toliimei  enihrare  |  that  a  perM>n  may  find  whatever  information  ha 
•Tery  variety  of  surgical  afTectlonn  likely  to  be  ,  may  tie  in  aaed  of  at  a  mobent'a  glance,— 0(»- 
met  with,  th*  paragraphs  ar*  whort  and  pitiiy,  and  >  ^iviff  [MHU^Ointr,  Angtiatvl,  18M. 

Treres  on  Intestinal  Obstruction.    In  <nie  l2nio.  vohime  of  522  pages, 

with  60  lllua.     Limp  cloth,  blue  edgea^  $2.00.     See  SerUn  of  Clinieai  ManualA,  (lage  30. 

Erichsen's  Science  and  Art  of  Surgery.— Eightb  Edition, 

The  Science  and  Art  of  Surgery  ;  Being  a  Treatise  <>n  SurKn^l  liijuriea, 
Difteaaea  and  Operation.**.     Hv  John  E.  Ebich.-se.s,  K.  K.  S,,  K.  R  C.S.,  Pttjfeaaor  of  Sur- 

fery  in  Uoiverivity  College,  Lontloo,  etc  From  the  eighth  and  entailed  Engliah  edition, 
n  two  large  8vo.  vols,  of  21^16  pp.,  with  984  engravtngit  on  wood.  Cloth,  |9;  leather.  111. 
For  many  years  this  classic  work  has  been  of  the  former  edition  has  been  dropped  and  no 
mad*  by  preference  of  teaehen*  the  prlncif«I  discovery,  device  or  Improvement  which  haa 
text-book  on  surgery  for  medical  students,  while  marked  the  progreas  of  surgery  during  the  last 
through  translations  Into  the  leading  continental  decade  haa  t>een  omitted.  The  illuitratlona  are 
languages  It  may  be  nald  to  gutd^  the  surgical  many  and  exeeuted  in  the  highest  style  of  wrt. 
teachings  of  ttie  riTlllsed  world.     No  excellence    — L*iuuvi//«  Mtdieal  ffna,  Feb.  M,  IBSA. 

Bryant's  Practice  of  Surgery.— Fourth  Edition. 

The  Practice  of  Surgery.  Hy  TimM  is  Hhvant,  F.  R.C.S.,  Surgeon  and 
Lecturer  on  Surgery  at  Guy's  Hoepiiat,  London.  Fourth  American  from  the  fourth  and 
reviaed  English  edition.  In  one  large  and  very  handaome  imperial  octavo  vottiue  of  1040 
paffets  with  727  illiiKlratiimh.     Cloth.  $6.50;  leather,  $7.50. 

The  preeeni  edition  h  a  thorough  revision  of  [  pra^-tttloner  to  review  any  sublect  la  every-day 
thoee  which  preceded  It,  with  much  new  matter  |  pr«^'tlce  In  a  short  lime.    In  snort,  the  work  u 

leal  and    practical. — Chieogo 


added.    Almost   every   topic    In  anrgery  la  pre 
aenled  In  such  a  form  aa  to   enable  the  basy 


eminently  clear,  1 


,  Apr.  1816. 


MILLER'S  PRACTICE  OF  8LTH<.iEBY.  rouni> 
and  revised  American  edition.  In  one  large  tvo. 
vol   of  *»2  pp..  with  ^\4  tlluotrBtlon*     <^loth,  5S.75 

IIILLKR'SPRrN01PLF-HaFHtTIH;KRY.  Fourth 
American  from  the  thlr-i  Bdlnburgh  ed.  In  one 
flvo-  vol.  of 'US  r>ae«>*   with  %v  MIiib      Cloth.  tlt-TA. 

HOLMES' SVSTKM  OF  srRiiERV.    TMEORKT- 


ICAL  AND  PRArTKAL.  Hr  Various  Auihora. 
K<llted  by  Tiju-tht  H<-t  nks,  M.  A.  American  edi- 
tion, r«vi<«ed  snd  re-«dlted  by  Jiiiv  U.  pAMk-Aaif, 
M.  I)  Three  large  oolavo  volumes,  ;ii:i7  pagas, 
07\t  llluslratloni  on  Nvood  nnd  V\  llthographir 
r1»te«.  Per  set,  cloth,  |1fi.t<i;  leather,  tlLOO. 
fiul 


htcriptiun  vnly 

Lea  Brothers  A  Co.,  PubHshtrs,  706,  708  A  710  San§om  Street.  Phiiadelphia 


Surgery — (Continued),  Fractures,  Dislocations 


Smithes  OperatiTe  Sargex7.— Revised  Edition. 

The  Principles  and  Practice  of  Operative  Surgery.  Bf  STEPHror 
Smitii,  M.  D.,  Pmfeasor  of  Clinical  Surgery  ia  the  UnivereitT  of  the  Citj  of  New  York. 
8econd  and  thoroughly  revise^l  «)itiun.  In  one  very  hanosomv  octaTO  Tolum*  of  892 
paic«s  with  1006  ilfiiBtratiorw.     (luth,  $4  00;  leather,  $6.00. 


Thli  exopllKiii  nnd  very  T»ki*ble  book  la  one  of 
the  mMt  fiBtlt)f)ictory  works  od  modoro  op«r»tlv6 
surKery  yctptibliFhed.  Thvbook  it  aconip«ndtiim 
for  the  moderD  vMrKQoo.  Ttio  preMnt  edUlon  U 
nHi<>ti  «tiliirf|;ed,  ftnirthn  t*xt  has  be*n  thoroughly 
r«f  Ified,  so  w  to  k1t«  the  most  Improrcd  mothodti 
In  wtepllc  purgery,  ftnd  the  lauit  Inftrumentt 
known  for  op«ratlro  work.  Itcui  he  truly  naid  iiuit 
iisfchandbook  for  iho  student,  acompanfon  f.>r  the 


«urf;eoD,  and  OTen  &■  •  book  of  reTt- -  -     li« 

phyi^icmD  oot  e^frf^clAlly  enca^^d  i  -• 

of  furgery,  this  roluro^  will   l'>^.-  -^t 

coDMplciioun  |'lkc«,  KDd  eeldrim  '  :o 

mktier  how  iinu«Uftl  thp  Huhi>  ^-f 

tn  T»in.  Itfl  compact  forro.*!  ■  .  ...._.  jm» 
erou»  llturiirhtloa.i,  nod  ««p««iAlly  lu  d*cid«4l7 
practical  chAracier,  all  combine  to  eomnoead  It.— 

liiutfon  UedienJ  nnH  Surgtenl  Journal,  May  10,  IML 


Holmes'  Treatise  on  Surgery.— Fifth  Edition. 

A  Treatise  on  Surgery ;  Its  Principles  and  Practice.  By  Timothy 
HOLMEffi.  if.  A.,  Surgeon  aud  Lecturer  on  Surgery  at  St.  GeorRc's  Hospital,  Loodoo. 
From  the  fifth  English  edition,  edited  by  T.  Pickehino  Pick,  F.  R.  C.  S.  In  one 
octavo  volume  of  997  pages,  with  4:i8  illustration*.     Clolh,  $8.00;  leather,  $7.00. 

To  the  ymnger  memtvorf  of  the  profeasioD  and 
to  othem  not  acquainted  wltii  the  book  and  Ita 
mf>ritj<,  we  take  pleuture  In  reeomTnendlng  It  as  a 
mirgery  complete,  thorough,  well- written,  fUllv 
illiiiitrateii,  modern,  a  work  iiuinoi«ut)v  votiinu- 
noan  for  the  surgeon  apeciallnt,  adequately  ooncine 

Hamilton  on  Fractnres  and  Dislocations.— Eighth  Edition. 

A  Practical  Treatise  on  Fractures  and  Dislocations.  By  Fraxx 
H.  Hamii.tiiN,  M.  D.,  \A^  I'.,  Surgeon  to  P.cllevue  Hospital,  New  York.  Xew  (Sth)  edi- 
tion, revise*!  and  e<lited  by  Stepuen  Smith,  M.  I).,  Prof,  of  Clinical  Surgery  in  Uoir.  of 
Cilyof  N.  Y.  In  one  ocUvo  volume  of  H32  pp.,  with  507  i  I  Ins.  Cloibf$5.50;  leBtber,$6.&0. 
ItenumeroaaedltlonsareconTinf^lng  proof  if  any  Ject  of  «uch  magnitude  It  noeaay  one.  T*t.  Smith 
Uoeeded.or  it*  Taluo  ftnd  popularity.  It  In  pro- 
•mineatly  the  authority  on  iracturca  and  dletoca- 
tloDs.ana  unlTenutily  quoted  an  t>uch.    In  the  new 


for  the  genera]  practitioner,  (vMjhlnc  thoe*  thlnn 
that  are  neceiVAnr  to  tte  known  for  Lhe  vueotutaral 
prosecution  of  the  hurgpon'i  career,  Impftrtlnf 
nothing  that  In  our  preiteDl  knowledge  tr  ootttlif 
ered  urmafe,  untcieotiflc  or  InexpedlMiL — iW^ 
Mvliml  J'lununt,  July,  IMS. 


edition  It  haa  Iml  none  of  lie  formor  worth.  The 
addttlonfllthafirflcelTedbyltarecentrpTlalonniake 
It  a  work  Ihoroughly  In  aceordance  with  modem 
practice,  theoretrcally,  meohanica'ly,  aaeptloalty. 
The  task  of  writing  a  complete  treatine  on  a  eut>* : 


I  IkaA  aimed  to  make  the  preaent  vohime  a  correct 
\  exponent  of  otir  knowledge  of  this  deMrtmeal 
of    euTKcry.      The    more   one    read"     iiie    more 


■me  1«  lmpre.««ed  with  li«  romplpteue<)*.  The  wofk 
haa  been  accomph.ihed,  and  has  been  done  riearly. 
eonetiiety.  excellently  welL—floitoft  iiaituM  aim 
Burgical  Journal,  May  flfi,  Uttt. 


Stimson*s  Operative  Snrgery.— Second  Edition. 

A  Manual  of  Operative  Surgjery.     Ily  Licwis  A.  STiM^ty,  B.  A.,  M.  D., 
Profesfior  of  Clinical  Surgery  in  the  University  of  the  City  of  New  York.     Second  edi- 
tion.    In  one  roynl  I'imo.  volume  of  503  pages,  with  342  iliustratioDs,     Cloth,  $2.50. 
The  author  know»  the  difficult  art  of  coadenoa-  |  the  antiseptic  fystem,  and  has  added  an  account 
ThuH    the    manual   serTes   ae    a  work    of    of   many  new  operations  and   Tariatlono  In  the 


Rteps  of  older  opermtiona.  We  do  not  rtesire  to 
exLol  this  manual  above  many  eiretledi  «i«Ddard 
britlsh  publlcatloni  of  the  same  elas^.  et  111  we  b^ 
lleve  that  Itoontafna  much  thai  la  worthy  of  Iml- 
tallon.— ArifuA  Medical  Journal,  Jao-  22,  IStT. 


tlon. 

reference,  and  at  the  aame  time  aa  a  handy 
guide.  It  taacheM  what  it  nrofeaaes,  the  steps 
of  operatlona.  In  thlp  edition  I)r.  Btlmson  has 
»ougnt  to  Indicate  the  changes  thai  hare  been 
effected  In  operative  methods  and  procedures  by 

Stimson  on  Fractnres  and  Dislocations. 

A  Treatise  on  Fraotures  and  Dislocations.  By  Lewis  A.  Stixm>x, 
M.  U.  In  two  handsome  octavo  vohimes.  Vol.  1.,  Fractures,  6tf2  pegta,  360  lUivir*- 
tiortfl.  Vol.  II.,  DiBLOOATiONS,  540  pages,  with  1&3  illustrations.  Complete  wofk, 
clolb,  $5.-50;  leather,  $7.50.    Either  volume  separately,  cloth,  $3.00;  leatber,^00. 

The  ap|iearance  of  the  second  volume  marks  the  «>xhlbits  the  surgery  of  DlalocatloaeaaUlslaughl 
completion  of  the  author's  original  plan  of  pre  par-  and  practised  by  tbe  most  eminent  surgeoDaof  toe 
log  a  work  whli^h  should  present  In  the  fullest  present  time.  Oontaintog  the  result*  of  mch  ei« 
manner  all  that  i»  known  on  the  cognate  subjecte  tended  researehes  It  must  for  a  long  time  here- 
of Fractures  and  [Mslocatlons.  The  volume  on  garded  as  an  authority  on  all  subjects  partalauw 
Fractures  assumed  at  once  tliapoeltion  of  auihttrity  to  dislocations.  Kverv  practitioner  of  anrgefy  will 
on  the  subject,  and  Its  oompanloo  on  Dislocations  feel  It  Incumbent  on  iilm  to  have  It  fi>r  < 
will  no  doubt  be  similarly  received.   Thl-  volume    reference.— C^nrifinalf  ^ftdUat  IfnM,  M*y. 

Pick  on  Fractnres  and  Dislocations. 

Fractures  and  Dislocations.  Bv  T.  PrcffERrwo  Pick,  F.  RCS.,  Snf" 
geon  to  and  Lecturer  on  Surgery-  at  St.  George's  hospital,  London.  In  one  PJmo.  tdL 
of  530  pp.,  with  93  illiu*.     Limp  cloth,  $2.00.     See  Seriet  of  OinuxU  Mamtakt  {»««  dOl 

Marsh  on  the  Joints. 

Diseases  of  the  Joints.  By  Howard  Marsh,  F.  R-C  S.,  Senior  AsMstuit 
Surgeon  to  S'.  UanhcAatae\^-'fi  IIospitAL  London.  In  one  12mo.  volume  of  HiH  pe^^ei)  with 
64  wooiicuta  auA  a  aAortiV  v^*\«.    CUAii,VWft-    8w  Saria  t^  CTmiaai  Mammnla,  pege  80. 

Ua  Broihsn  A  Co..  PubIiah«r9.108.10B  ^1^0Utv**m^\r%%V.^V\V44iAvWa. 
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Norris  &  Oliver's  Ophtbalmology.— Just  Ready. 

A  Text-Book  of  Ophthalmolofcy.  Bv  Wilj^iau  F.  Norris,  M.  D., 
Professor  of  OphthalaiologTi-  in  the  University  of  PennayfTanift,  »nd  Cbari^is  A.  Oliver, 
M.  D.,  Surgeon  to  WUIb'  Eye  Hospital,  Philanlclphis.  In  one  xtry  hantlsoine  octaro 
Tol.  of  641  pairw,  with  357  enjfraviiig?*  ami  5  colored  plates.     Cloth.  ^  :  leather,  $0. 

Th(»  U  the  flret  t«xl-book  ofdlwiuvea  of  the  e-ytf,  '  recof^olzed  authority.  The  lllUHtratioo*,  tnuiy  of 
wrltu-ii  by  An)«ric&(i  ■iithort  for  American  col- 
1«K<M  niid  atiiilAHCA.  Kverv  method  ofoculkr  pre* 
cIaIoo  thatcftn  tH»  of  any  cflntc&l  ftdfMitas«  to  the 
•rery-dfty  iiudent  and  th«  tclenitno  obsfrTar  Ir 
ofTtred  to  th«  rvader.  Rule*  nod  proceilure!>  for 
theordiDAry  methoan  of  examinAlloo  of  the  eX' 
t«rn&l  ftpp«arftDCO«  of  the  eye,  for  ophthAimo.icopy, 
Knd  for  the  application  of  the  fundus  rt* tiex  i»»u, 
are  made  ko  plain  and  no  arliteDl,  even  t<i  the 
most  r«r«l«i<ii  reitder.  that  any  student  ran  eaally 
aoderstand  and  employ  thorn.  It  l«  Auoclnct  in 
racltal,  praollcnl  In  Us  teachinfc.  Jndloluu^  in  the 

v«l»ctloa  of  mat«rlnl  nndconHrTTitilre.  yet  radical     ...» -^  ...... .^  ^.,  ...^-l^  ,..i^  .,^.  „*  »«t-uw»a 

whan  necesnary.     In  trratmiint  it  can  he  arcflpled     of  erery  KofcUnh-iip^abiDg  rollefte  of  medicine.—' 
ai  from  the  voice  aod  the  pen  of  a  re'pecwd  and    A  •I'utJt  of  Ophthnttnol'-j*/  and  Otolog^j,  QeU  IBOO. 

Berry  on  the  Eye.— New  Edition.    Jnst  Ready. 

Dlseasefl  of  the  Eye.  A  Practical  TreatUefor  StudeuU  of  Ophthalmology. 
By  riECtROK  A.  Hriiitv,  M.V..,  K.  U.  C.  8.,  Ed.,  Ophthnliuic  Surffeon,  Edinburgh  Koyal 
InBrmary.  New  (secontt)  edition.  Id  one  octavo  volume  of  750  pages,  with  107  Ulustm* 
tioos.  mo8tly  lilhocraphic.     Cloth,  ?8.00. 

Thio  ill  by  far  tt)e  bent  work  upua  Km  the  mo  la  |  "object-leneon."  We  caoDot  but  reiterate  what  we 
the  Eagll^h  lADgnage  th:kt  we  have  N«en,far  the 
dietlonl-*  pure  nnd  clear,  and  boaldes,  the  befiuti- 
fui  lllu*<tratlonii  of  normal  and  dl»eaa«d  ooDdltlone 
make  tt  a  valuable  addition  to  the  library  of  all 
praotltlonern,  fceneral  a^  well  as  apefllal.  W*  have 
nerer  »e«n  more  retil  delineation  of  dineM^,  the 
oolorlog  is  perfect,  and  each  Ulaetratlon  1r  aa 


k 


hich  are  orlf^lunl,  far  outttunilMir  those  of  Its 
contemporaries,  whilst  the  high  grade  and  un- 
b)t«ed  opinions  of  the  teachings  serve  to  Blva  it  a. 
rank  ^itperior  to  any  would  be  competitor.  Woo- 
derfulW  cheap  in  prlt^e,  beautifully  printed  andi 
eiqutaitelr  llliistrated,  the  meohanlcsl  niiik*-ap. 
of  tne  boolc  Is  all  that  can  be  desired.  After  most 
conscientious  and  paiostaliiuK  perneal  of  tha 
work,  we  unreoervedfy  endorvelt  as  the  best,  tha- 
nnfcht  and  the  muNtnimprehcnNlve  volume  upon, 
the  subject  that  hoH  ever  been  offered  to  tha 
American  medical  public.  We  slni<erely  hope 
that  it  may  Snd  its  way  Into  the  list  of  text-booki 


said  at  the  lieglDDliiR.  that  we  have  liad  great  pleas* 
ure  in  the  perusal  ofthis  work,  and  Kreatprofit,aod 
that  we  consider  It  the  heal  on  the  subject  in  the 
Kngllsh  laiiguaite  to-day,  not  only  for  \Ut  diction 
but  for  its  InatructiTO  IlIustratloDs.— TA*  Am€r 
Jovrnat  o/(A«  Mtdieal  SeimetM,  August^  \9»^. 


^ 


Juler's  Ophthalmic  Science  and  Practice.— ^^  '^^'  m?  beady. 

A  Handbook  of  Ophthalmio  Science  and  Practice.  Hy  UkiNKv  £. 
JL'T.fr,  F.  R.  C  S.,  Senior  Assistant  Surgeon,  Koyal  Wefltminster  Ophthalmic  ]Io6uitBl; 
Late  Clinical  Aeeislant,  MoorfielJf,  London.  New  (2d)  edition.  Handsome  Sfo.  rolume 
of  •'361  pages,  with  201  woodctila,  17  colored  plates,  aelections  from  Te^t-types  of  Jaeger 
and  Snellen,  and  Holmfcren'a  Color-blind  new  Test.     Cloth,  $5.50;  leather,'$6.50. 

The  ooDtlnnons  approval    manifested    towards    matter  of  praoiloiF  value    The  sections  derolad  to 
thie  work  lestlfles  to  the  suoeesi  with  %rhlcfa  the    IreatmantaresinKUlivrly  full,  and  at  thn  t*ame  lima 
author   ha«  produced  concLsa   descrlpttoos  and    ooBelse.and  ooutioedin  languajee  that  cannot  Call 
typical  fllustrallons  of  all  the  important  alTeclions    to  be  understood.— TAs  Medieai  Agtt  Nov.  10,  1803. 
of  the  eye.    The  volume  Is  partlcnlarly  rich  In 

Nettleship  on  the  Eye.— Fifth  Edition. 

Diseases  of  the  Eye.  Hy  ED\rAUD  Nettleship,  F.  R.  C.  S.,  Ophthalmio 
Sargeon  at  St.  Thomaa*  Il'ispital,  London.  Surgeon  to  the  Koyal  London  (Moorfieldi) 
Ophthalmic  Jloepital.  Fuiirth  American  from  the  fifth  English  edition,  thor- 
oughly revised.  With  a  Supplement  on  the  Detection  of  Color  Blindness,  hy  Wil- 
UAM  Thomaon,  M.  D.,  Proreesor  of  Ophthalmology  in  the  Jefferwn  Medical  College 
Philndelphifl.  In  one  12mo.  volume  of  500  pages,  with  164  illustralionB,  aeiectiona  from 
Snellen's  t««t-trpea  and  formiilfe,  and  a  colored  plate.     Cloth,  $2.00. 

Tbh  Is  a  well-known  and  a  valuable  work.  It  knowledge  to  be  pr«s«nl  which  eeems  to  be  a»> 
wae  primarily  Intended  for  the  use  of  students,  eumed  in  aome  of  our  larger  works.  Is  not  tedlotie 
and  supplies  their  needs  admirably,  but  It  la  as  from  overconoiseoeas,  and  yel  covers  the  mora 
aaefiil  for  the  practitioner,  or  lnde«d  more  m).  It  Important  parts  of  clinical  ophthalmology.— A'cte 
does  not  pre»up[Kisethe  large  amount  of  recondite     York  3f«lieaJ  Jburna/,  December  19,  1600. 

Carter  &  Frosf  s  Ophthalmic  Snrgery. 

ophthalmic  Surgery.  Hy  K.  Ititr^KSKLL  Cabteb,  F.R.C.8.,  Lecturer  on 
Ophthalmic  Surgery  at  St. George's  Hospital,  London,  and  W.  Adams  FnoaT,  F.  R,  C.  8.» 
Joint  Lecturer  on  Ophthalmic  Surgery  at  St.  George's  Hospital,  London.  In  one  12mi». 
volume  of  569  pages,  with  91  woodcuts,  color-blindness  test,  test-types  and  dots  and  appen- 
dix of  formulie.    Cluth,  $2.25.    Hee  Seriet  of  Clinical  MatiiuaU,  psge  30. 


THOMPSO.V  ON  THE  URINARY  ORfiAN:^. 
Lectures  on  IMsease*  of  the  I'rlnan.*  nrgaoa. 
By  Bib  llntRT  Tinmwos,  Profw.tsor  of  Clinical 
ftgrfT  Id  UnlTeraity  College  Hoftpitalilvondon. 
Ssoond  American  from  the  third  Engltph  edition. 
( »:'(»Tn    .'111  n»K«s,  SA  lllUBtr'^tlon*      Cloth,  K  3.'. 

CiN      THE      PATirOLOiiy      AND 

Vr     OK     STRICriRE     OK     THF. 

A       AND       URINARY       FIRTUI..!-:. 

Krom  tb«  third  English  edition.  In  one  octavo 
volume  of  'SVj  T>*Kee,  with  47  eogravlngs  nad  3 
plates.    L'loth,  ?3.&o. 


BAfiHAM  ON  RRNAt.  DISEASES;  A  Clinical 
Guide  to  their  LMaKnosla  and  Treatment  I'.'ma 
301  paaeK.  with  VI  iliuitratlona.    Cloth.  C2.00. 

WKM3  ON  Til  E  KYE.    In  one  octavo  volume. 

UAL'RENCK  AND  MOON'S  BA^DV  BOOK  OF 
UPH-rilALMICBUROEBT.  forthanaeof  Prac- 
Utloaera.  Second  adltloa.  la  oas  oeuvo  vol* 
nme  of  237  paaea,  with  «6  lltaa.    Cloth,  ti-lh. 

LAWaON  ON  INJURIES  TO  TBB  KTK.  ORBIT 
AND  EYELIDS:  Their  Immedlata  and  Remote 
Effeeta.  In  t^ne  octavo  volume  of  404  pages,  with 
08  lltaatratlona    Cloth,  $3.60. 


Isa  BrotftTB  S  Co.,  PuhUth^n,  706,  708  4  710  Sansom  Str««t.  PhUatl%\vK\ti 
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Politzer  on  Diseases  of  the  Ear.— New  Edition.   Jast  Ready 

A  Text-Book  of  Diseases  of  the  Ear  and  Adjacent  Orgttba 
By  Dr.  Ai>am  Piihtzek,  lIUJ^er^aM^>y!ll  Pn«leS(*or  of  Aural  Therupeutio  in  iLv  Lnirer- 
Blty  of  Vienoii,  Chief  of  the  Innteriiil  Roy/il  University  Clinic  for  Diseaaes  of  the  Ear  io 
the  Geueritl  tlo^hitul,  Vienna.  Tran^Uled  into  £ngLi!<h  from  the  third  ud  rcruieil 
German  edition  ny  (->k.'AK  Dodd,  M.  l).,  Clinical  Instructor  in  Difteases  of  the  Eve  iiod 
Ear,  Ollege  of  Physiriaos  and  h-urgeons,  Chicairo.  K(lit«(l  l>y  Sir  William  I^albt, 
F.  R.C.  S.,  M.  B.,  Conauhing  Aural  Surgeon  to  St.  Gcorge'a  lloapital,  Ixtndon.  In  one 
laree  i  ctavo  volnme  of  748  page«,  with  330  illuiitratiooo.     Cloth,  ^!».oO. 

Thill  (ttAQdiird  tr«f\tlfw,  by  n  recoKtilKvd  'isrniftD  mirKeoii.  His  ftdTlce  In  Ui«lcf  a  o«rpfal  obatrrvr 
anchority,  wMI  be  rn^mnj  wolcomed  hy  thos«  of  vast  ao'l  *&rl«<l  «xp«rl«iic«.  Th4»  ttttiatratlniu 
Kogtlnh  r(*»d«>rft  uokOtiUAlntod  with  thn  work  Io  aceompftnylDK  the  t«zl  are  goofL—JtftdiAiJ  AMorrf, 
tbe  oriKtonl.  PoHiMir  s  views  od  otologlnU  tub-  April  i\,  I8Ut. 
Jeots  itre  ttio"*  ot  :in   a1y.in''pd  yf>t  I'onHerTatWe 

Field's  Manual  of  Diseases  of  the  Ear.— Jost  Ready. 

A  Manual  of  Diseases  of  the  Ear.  By  Geoboe  P.  FiEi.n  M.  R.  C  8, 
Aural  Surse<.>u  auJ  Lecturer  on  Auml  Surgery  iu  Si  Mary'it  Hospital  Medical  School, 
I/>ndtt'».  In  on**  octavo  of  391  pp.,  wiih  73en^rarin£»  nod  21  colored  pUies.  Cloth,  $^.75. 
Th«  iiuilior'i  vtews  ftr»  so  pUloiy  uod  forclbty  covers  of  this  book  will  be  found  loformatloa  taf* 
«xpreH<ied  that  the  Aiudrnt  an-1  general  praril-  Hctenl  to  niipply  ihe  tief>d»  nf  thn  attKlrtnt  and 
lloner  if  modlolne  canDoi  arrord  to  be  vrUhout  ;  practltl<in«rof  goDrnU  m«dtclo«  in  piAcllcal  raat> 
their  t^achtDganJ  mreful  (guidance  if  thiiy  would  tarit  peraialDg  lo  dl'OMes  of  tbeear.— Ti«  7W«> 
do  ihe  JiiMtIc*  to  their  potienla  that  the  plYiMnC  i  p«utic  OautU,  Jaanary  lA,  19H. 
advaniHtd  state  of  otology  demaoda.    Within  Ibe  I 

Burnett  on  the  Ear.— Second  Edition. 

The  Ear,  Its  Anatomy,  Physiolo^  and  Diseasea.  A  Practicml 
Treatise  lor  the  use  of  Me-lJcal  StttdentB  and  PractUionera.  By  CuARLES  II.  Bcrxftt, 
A.M.,  M.  P.,  IV't't^^ir  mJ  ntology  ia  the  Philadelphia  Polytliuic;  President  of  the 
American  Otulouical  Siciety.  Seoaod  edition.  In  one  handaome  octavo  Tolume  of  680 
pages,  with  107  illustrationa.  CIotb,HOO:  leather,  $5.00. 

Roberts  on  Urinary  and  Renal  Diseases.— Fourth  Edition. 

A  Practical  Treatise  on  Urinary  and  Renal  Diseases,  including 
Urinary  Deposits.  By  Sir  William  Robkkts,  M.D.,  Lecturer  on  Medicine  in  the 
Manchester  Schotd  of  Medicine,  etc.  Fourth  American  from  the  fourth  London  edi- 
tion.    In  one  handnome  octavo  volume  of  609  pages,  with  81  illamration.4.     Cloth,  $3.50. 

•la,  pn^QOAla  and  ir^af  mftnl  of  urinary  dl««»iw, 
and  poMwaaea   a  compiet«Qei<»   Dot   (band  elaa- 


n 


I 


H  may  b«Kald  to  be  the  beat  borik  Id  print  on  the 
•abject  (tf  which  it  treata. — 7^c  Amtrican  JouryuU 
of  tfu  iletUenl  Sti€fu:eM,  Jan.  Ism. 

It  in  KD  uorWalled  eipoaltlon  of  eTenrihlrg 
which  rnlatee  dire^^tlr  or  Indirectly  to  the  dlagno- 


where  In  our  lacKiiage  in  lis  aooouotof  ch«  dUfar^ 
ent  atTectlooa.— Jfa«fA««rer  iimi.  CArvfi..  July, 'M. 


Furdy  on  Bright's  Disease  and  Allied  Affections. 

Bright's    Disease  and  Allied  Affections   of  the    Kidneys 
CHAiiLia*  W.  PiiUDV,  .XL  D.,  Pn^fessor  of  Gonito-Urinury  and  Renal  DUeaaeft  in  the  Chi- 
CSgQ  Polyclinic,     In  one  octavo  vol.  of  *JH>(  p:ii(e*,  with  iIluRlratioaf>,     Cloth.  $2.0<), 

Gn  treatment  the  writer  li  particularly  titrong,  Itemi  which  are  all  Important  to  the  eeaeral  pfao- 
steering  clear  nf  KeoenilltieM,  and  tteldom  omit-  tltloaer.— TVU  ManeHttttr  M*tliwi  CJUvnieU,  Oel 
Hog,  what  text-botrKA  ui^iially  do,  the  Dnlmportanl     IMA. 

The  American  System  of  Dentlsta7. 

In  Treatises  by  Various  Authors.  Edited  by  Wilbttr  P.  LrrcH,  34.  D, 
D.  D.  8.,  Profeaeor  of  Pn>Hthetic  DentiHlrr,  Materia  Meiiica  and  Therapeutics  in  the 
Pennsylvania  C-ollege  of  Dental  Siii^ry.  In  three  very  handsome  octavo  volumes  ecu* 
talntng  3160  pngett,  with  1^63  illustrations  and  9  full-page  platea.  Per  volume,  cloth,  $6; 
leather,  $7  ;  half  Morocco,  gilt  top,  $8,     For  6ait  by  nth»eripthn  only. 

As  an  encyclopcedla  of  PentlRtry  It  nJaa  no  au-  I  doubtlejiji  it  !■},  to  mark  an  •poph  ju  th*  btflory  ot 

rlor.    It  shonld  form  a  part  of  erery  dentbt'e  I  denti«try 


n 


ITb 

SI 
D 

and   nftnd<*om<»  ^noMgh  f'">f 


Pentiela  will  be  Mtlafled  with  It  aed 
ro  to  b«  preelMly 


Ibrary,  m  the  Information  It  codiaJds  Li  of  tbe    proud  of  It— they  ma»t    ItUeut 
■realeat  value  to  all  engauvd  In  tlie  practice  of  .  wliat  the  »tludenl  ne^ds  to  unt  hhn  and   Ic'a^p  htm 
OeDtistry.— il mrrtfa'i  Jour.  Dent  Sri.,  Sept.  IflM.  in  the  flight  track,  while  the  pr^'fessioo    at  laiys 

dayslem,  big  enough  and  good  enoagh  |  will  receire  incalatilable  benefit  from  IL— OdM» 


a  mnn'iroent  {whloh  >  grap^u*  7'*«nai,  .Un.  IR87. 


Coleman's  Dental  Surgery.— American  Edition. 

A  Manual  of  Dental  Surgery  and  Pathology.  By  Alfrcd  Coumms 
L.  E,  C  P..  K.  K.  C.  S.,  Exnto.  L.  D.  S.,  Lecturer  an  Deiitul  Surgery  at  St.  BArtholoioiv't 
Hospital,  London.  'Hioron^hlv  reviaed  and  aiiapted  to  the  luw  of  .American  StudenU.  bv 
br  'raoMAs  a  Stellwaoen,  Nl.  A.,  M.  D.,  IX  D.  H^  Prof,  of  Phv«iolo^  in  the  PhiUiid- 
pnia  Dental  College.    Octavo  volume  of  412  pages,  with  331  illustrations.    Cloth,  $3^ 


m 


MORRIS  ON   srU'ilCAh   DI^KASES  of  the  I  with    W  woodnata,  and  6  uolorad  plal««. 
KIT>NF.Y.   By  UxsHT'Mon.a^i.T.K.C.S.^r  "    "  ^       "  '~    ■    ■  - 

to  MidUlwex  Uo9pUft\.UHi»ua.  Vimo 


iF  THEIi 
k'lPNF.Y    By  Ut»(«T*M(>n.a\»,T.K.C.SMSurgeoo    cloth,  fi.25.     Sea  S*n«ao/  CZin4oarjr«Jwa/< p^ |A 


Lea  Brothers  4  Co..  Publishera.loe.TQS  ^^^Q  ^t\Mm%\ta%vW\W4»S^*tia 
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Gross  on  Impotence,  Sterility,  etc.— Fourth  Edition. 

A  Practical  Treatise  on  Impotence,  Sterility,  and  Allied  Dis- 
orders of  the  Male  Sexual  Organs.     By  BxacuKJ.  W.  Giioss,  A.  M.,   M.  D., 

LL.  D.,  Professor  of  tlie  I'rinoiplee  uf  .Surgerv  ami  of  Clinical  Surgerv  in  the  JtfTerMli 
Me«lic:Ll  (x^llege  of  Pliilfidelphia.  Fourth  edition,  thoroughly  revised  by  F.  R.  Sturois, 
W.  D.,  Prof,  of  DiseiiMM  of  the  Genito-Urinnrv  Organs  and  of  Venereal  DiKases, 
K.  Y.  Poet  Grad.  Med.  School.  In  one  8vo.  vol.  of  165  pages,  with  18  ilhw.  Cloth,  $1.60. 
Tbn»e  *dUionvof  Pror»«»orOro8f>*TKluabl«book  '  rhoBA,  aod  profltAtorrtiaui.  The  bouk  is  a  pnwUcftl 
have  been  •ihaanted,  Had  vtlU   th«   domand  U  |  one  and  Id  addition  loth*  *ol«ntiflc  and  lery  In- 


nnanpplled.  Dr.  BlurgU  ha«  r«Ti»«d  and  addrd 
to  the  prevloas  •dltiOD^  and  the  d«w  one  appears 
nor*  oomplete  and  morv  valuable  ttian  before. 
Fmir  Important  and  K^narally  mlFtunderiiloodauo 


ter«uttlng  dlKCunniona  on  ^tlolAgv,  ^vrnptoms,  etc., 
there  are  lines  of  treatment  laid  down  that  aov 
practitioner  can  follow  and  wlilob  have  met  •rltn 
Kuccesa  Id  the  hands  of  author  and  editor.— JIfedi* 


)ec(*  arc  treated— Impotence,  sterlltiy,  -perroator*  I  cat  Btcord,  Feb.  36, 1881. 

Taylor  on  Venereal  Diseases.— Sixth  Edition.   Preparing. 

The  Pathology  and  Treatment  of  Venereal  Diseaaea. .  Inrin.rmK  the 
reeults  of  recent  inveBligntionji  upon  the  (subject.  By  Rodbrt  >V.  Tatix>r,  A.  M.,  M.  D., 
Clinical  Profe«or  of  Genito- Urinary  Diseases  in  the  College  of  Physicians  and  Surgeona, 
New  York.  Being  the  v-xxih  edition  of  liumslr'ad  ami  Taylor^  rewritten  by  I>r.  Taylor. 
Large  Svo.  volume,  alxiut  POO  |>ngeB,  with  nbout  150  engravings,  a^  well  as  nuineroui 
chromo-Iithofirntphf.  In  active  proration.  A  notice  of  the  previous  edition  la  appended. 
It  1>  ft  Bplendld  record  of  honedt  labor,  wide  ,  upon  the  BUbJect«  of  which  It  treats,  but  alao  od* 
r«a«arch,  fiiBt  coniparliwD,  careful  pcrutiny  and  wnlch  ha»  no  equal  Id  other  tODKues  for  its  elaar, 
orlglDft)  experience,  which  will  alwayN  be  held  a«  compreheniilre  and  practical  hiuidllnii  of  its 
a  high  credit  to  American  medlca.1  literature.  Thin  j  ttieme*.— .<lm.  J<mr.  of  Ik$  Mod.  ScimcM,  Jan.  ISM. 
li  Do«  ontj  the  bent  work  in  the  Engllph  lacguage  I 


CnlTer  &  Hayden's  Mannal  of  Venereal  Diseases. 

A  Manual  of  Venereal  Diseases.  Iiy  KrERErr  M.  Cclver,  M.  D., 
Pathologic  and  ■A.s.si.'^tiint  AttendingSnr^^eon,  Manhattiin  ]!<M<i>it.i1,  Now  York, and  James 
R.  IIayuen,  M.  !>.,  Chief  of  Clinic  Venereai  Department,  College  of  Phystciana  and  Sur- 
geons, New  York.     In  une  12ino.  volume  of  289  pafies  with  33  illus.     Clotli,  $1.75, 


ThlM  book  In  a  praatlcal  treatlne,  prei*entin|{  In  n 
condenited  form  the  esnenlinl  r(^(urf>«  of  our  pret*- 
•  nt  knowledge  of  the  three  Ttner^al  di^ea^es, 
syphilis,  chancroid  and  eonorrhea.  We  have  ex- 
amined thi»  work  c&refullyaud  have  cotne  to  the 
c<^nrlti#ion  that  It  U  (he  moat  oonclne,  direct  and 
able  irftttl-**  that  lift.M  nppeared  on  the  subject  nf 


venereal  dinvai^f  for  the  genrral  prvctltloner  to 
a<]<<p1  ait  tt  guide.  The  gftieral  prartttlonf r  needa 
a  ffw  simple,  conclwi  and  ckarly  prcfcnl^d  lawa, 
in  the  execulion  of  which  he  cannot  fell  either  lo 
cure  or  prevent  the  raTHgefi  of  the  maladlea  In 
question  And  their  direful  re«ulta.— Bu/a^illfdicaJ 
and  SurutaU  JourruiL,  Hay,  1192. 


Comil  on  Syphilis. 

Syphilis,  its  Morbid  Anatomy,  Diagnosis  and  Treatment.    By  V. 

CoHXlL,  Pr(.>ffs.-or  to  the  Faculty  of  Metlicine  of  Paris,  and  Phvsician  to  the  Lourtine  Iloa- 
pital.  Bpecially  revifled  by  the  Author,  and  translated  wit)i  notes  and  additions  by  J. 
HzNRY  C.  SiMKS,  M.  D.,  Demoostrator  of  Pathological  Histology  in  the  t'niv.  of  Pa^ 
and  J.  William  White,  M,  D.,  lecturer  on  Venereal  Diseases,  Univ.  of  Pn.  In  one 
baDd^inie  octavo  volume  of  461  pnfres,  with  R4  very  beautiful  illuBtrBtioDS.     Cinih,  $3.75. 

Hntchinson  on  Syphilis. 

Syphilis.  I'.y  Jonathan  HuTcnnraow,  F.  R.S.,  F.  R.  C.  6.,  CV)n8ultijig  Stir- 
geon  lo  the  Ivondon  Ho«pital.  In  one  12mo.  votuiue  of  -342  imgee,  with  8  chromo- 
lithngrnplis.     Cloth,  $2.26.     See  Serie*  of  CUm'cal  AfanuaU,  page  30. 


Hardaway's  Manual  of  SUn  Diseases. 

Manual  of  Skiu  Diseases.  AViih  Spt-riul  Referenceto  risgnosis  and  Treat- 
ment. Kor  the  ii-e  of  Students  and  Genprol  I'mctitjoners.  Hy  W.  A.  11ari>awa V,  M.  D., 
Profe^^if  of  Skin  Diseases  in  the  MiiM^uri  Metli^al  College.  12iiio.,  440  pp.  Cloth,  $li  00. 
l>r.  Hardaway'it  large  experience  a.t  a  tfarher  fmbrucet)  all  edNentiAl  ]>olnt«  conoectt'd  with  tha 
and  writer  haii  admirably  ntted  him  for  the  dlffi-  dlaKDOsifl  and  treatmeot  of  dlaeaae*^  of  the  rkla, 
cull  taak  of  prepariog  aliook  which,  while  vuffi-  ana  we  have  do  taenltatton  Id  conin>eiidliig  it  a* 
elenlly  elementary  for  the  otudent  it*  yet  nuf6-  the  Iwet  maD<iaI  that  haa  yet  apiieared  Id  Ihia 
ciently  thorough  and  romprehennlTe  to  terre  aa  a  department  of  medlcioa.^  Jovniof  uf  tulnnttm$ 
hook  of  reference  for  the  general  practitioner.    It    a*>d  Otnita-  t^ri^ary  thtHUM. 


N 


<»R(>HS-  I'lMt-TiriAt.  THKATISK  ON  THE  I'lS- 
EA.'*t>*,  IN.ICMItS  \.M»  MAIJ'ORMATI  'NS 
OFTHK  ritlNAia  HI.AII'KK,  THK  PKOS 
TATK  i.LA.Ml  ANIt  TUK  IKI^THItA  Hr 
6&Mtrt.  I>. «.«(«»".  M.I>.,  LI,.D,.  l>.r,l,..eic.  Third 
adii'OD,  iborrHighly  rrTl(>ed  hyS*«(Ki.  W,  Gmosb, 
M.r>.  In  niip  (x'luTii  i.iinriiB  of  67*  j-agee,  with 
IT'»  IMii«lra1tr.ti».     <  l.lh,  si  V.. 

FOX'H  FP1T'>MK  "K  -^KlV  I»IFKAPF«.  WITH 
r<»RMI*L.F.,      t  '  r 

larg-d      In  "in-  1 

HTLLIERH  flAM 

for  HtlideiilB  aiul   fii»iiu;ifn^r-,     -.-i'r,iv,|  ,^nlf^l- 


can  edition.    In  one  ISmo.  TOluroe  of  363  pactt. 

with  platea.    Cloth,  ti.&^ 
HILL  ON  ttypHILISANl>  LOCAL  OOXTAGlOCa 

ItlHORnKRA.  InoDeflroTol.ofiTUp.  rinlh,91.1B. 
LEE-^    I  RrT|iRE>*  <».S   HYPHII.IH  AM*  At>ME 

FORMS   OK    Local    MfiF.AHE    AKKEt?TINO 

THE    0K';ANH    iiF   riRNKKATtoN       In  ooa 

«»r>.  Tr<'nmf  f>*  ■Hf'  i>af  •■      •■lr-ih.  f-J-SA 
WII,SON'-  S  rVPE.NTS  BOOK  OF  CI* TANEOUS 

MEMCINE   ANi>   M-^EASEi*  OF  THE  BKI». 

In  one  handMime  ftinall  octavo  toliime  of  8W 

p«ce«.  rioih,  rtan. 


Isa  $fPiJi0fM  i  ^.  Pybii^t%*  70S.  708  A  710  Sanftom  Street,  Phitad«\pVia. 
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Venereal  and  Skin  Diseases. 


Syde  on  the  Skin.— New  (3d)  Edition.    Jost  Ready. 

A  Practical  Treatise  on  Diseases  of  the  Skin.  Kor  the  use  of  Stndenta 
and  Practititmere.  liy  J.  NnviNb  Hyde,  A.  M.,  M.  I>.,  l*rofei««>rof  I>crmalolog>'  sud  Vea- 
ereal  Diseases  in  Rush  Medical  College,  CUioano.  Third  edition.  In  one  ocUvo  rolome 
of  S02  pages,  with  9 colored  plates  and  10:*  engmvinga.     Cloth,  $5.00;  leftlher,  $6.00. 


Dr.  ilyde  It  an  «zperleDced  MhalAr  u  v«Il  a*  it 
competent  liuthur,  nod  his  former  viitloon  were 
rsceiTed  with  Hpproral  by  dtfrmatologtste  as  wrii 
«M  by  tho»e  gi«n«r«l  pr»tfiitloaer«  who  are  )ni«r 
est«d  In  th»  study  and  traatment  ufdlBeaaeAof 
Che  »tiin.  The  treBtine  It*  ooe  that  affordH  muoh 
satiBf;ictlon  fn  thftt  it  1>  u  »fe  giiitle  Tnr  both  itu. 
dent:*  nnd  priKititlonerf.  either  g^-ncr*!  r»r  cp***!!*'. 
'•id  partlOMlarly  doe*  It  adapt  llMlf  to  the  uae  oi 


Ttao  qualities  that  hare  contributed  »o  much  to 
ill  preTloiic  popularity  still  r«rr<a>n.  Th*  chief  of 
theK*  uoijuoiiinnably  mre  th«  ■land;-''"'  ■•'  '■•■»o- 
tieal  medicinf  from  which  Ittpeak-  ..  >  th 

of  therapeutical  Informfktton     Th-^  ■*• 

no  book  Id  whloh  ooa^aDeeek  rnort-  ^..  i  l  -.^-^Uj 
for  tofomistlon  ai^  to  how  to  manage  hi*  patiectM 
with  skin  dtMai««.  The  preaent  «ditino  may  be 
commeodad  u  teln^r  an  exposition  of  ih«  »iit)Ject 


tl«rn\mio]ogiBta.—Bv_ff'tioJUedietilantlSurffieatJour'    fally  on  to  the  prepent  i^late  of  our  kiKiwlodfa 
nni,  March,  U9t.  <  —Tlt€  Chicago  Oimeal  Sr^mr,  April,  \fftt. 

Taylor's  Clinical  Atlas  of  Venereal  and  Skin  Diseases. 

A  Clinical  Atlas  of  Venereal  and  Skin  Diseases:  iiR-ltuling  Diag- 
no«ii|  Prognr*is  and  Treatment.  By  Kohert  W.  Taylou,  A.  M.,  M.  D.,  Clini(»!  Pio- 
fesaorof  Geniio-Urinary  Disefujes  in  the  College  of  Phveirinns-  and  Siirgeonc,  New  York; 
To  eight  large  folio  {wrta,  and  couiprtiiiiig  5S  beaatifullr  colored  plates  with  213  Bgnrcs, 
-iind  431  pages  of  text  with  86  engmvinga.  Price  per  part,  $2.50.  lioimd  in  one  Tolvme, 
half  Rtjsaia,  $27;  half  Turkey  Morocco,  $28.  For  sale  by  aubscription  only.  Speclmea 
ftlates  sent  on  receipt  of  10  cents,     A  full  profi[>ecliia  aent  to  anr  address  on  application. 

II  would  be  hard  to  use  word*  which  would  per-  studeDtoaoeiamioethesatrue  to-Uiechromo-lltb- 
flplciiously  QDDujjh  conTev  to  (he  reader  tlie  Kr^nl  uKraphn.  ConiparlDK  the  text  to  a  lecturer,  it  ts 
^aluoortnia  Vitnutal  Athu.  Thin  Attan  lit  more  more  pallafarlory  in  ezactnehs  and  fulneu  than 
complete  even  than  an  ordinary  courM  of  clinical  he  would  be  lik«ly  to  he  in  leciurloK  over  a*lni[l« 
lectures,  fur  fa  no  one  colleffe  ur  hospital  ccurtte  case.  Indeed,  tbic  Attns  )•)  invaluable  to  the  aea- 
1m  it  at  ail  probable  that  all  of  the  di»ifii«ea  herain  eral  practltluaer,  for  It  enahtei  the  eyn  nfth* 
reprei>ented  would  be  t*e«o.  It  la  al»o  more  <ier-  physician  to  make  diagnoiiis  of  a  r' —  '---  "f 
tlcenble  to  the  majority  of  studenta  than  attend-    ekin  manlfeclatlon  by  comiiarInK  'h 

«nc«    upon    clinical    lecturefi,    for   most    of    the    the  picture  Id  the -4*/fl«,  where  wi  ^o 

studente  who  sit  on  remot*  Mats  in  the  lecture  ,  Iheteit  of  dfagnoMiii,  pathology,  at]>i  > m  >>—  •i^.ae 
hall  cannot  sae  the  subjoot  aa  wall  as  tha  offioe  i  on  tiem\meai.~VtTgirna  Mtdteai  MontMy,l)tc.lM», 

Jackson's  Ready-Reference  Handbook  of  Skin  Diseases. 

The  Heady-Heferenoe  Handbook  of  Diseases  of  the  Skin.  By 
GEt>utiE  TH0XU9  Jackson,  JI.  D.,  l*roferi»or  of  Dermatology,  Woman's  Meili«d  College 
of  the  Xew  York  Inlirmiiry.  In  one  12uio.  voluiue  of  541  pa  get;,  with  60  ill\i£tntiai» 
ajid  a  colored  plate.     Cloth,  $2.75. 

Intended  to  serve  aa  a  reference  book  for  the 
general  praotltloner, "  nu  atl^mpt  tia«  )>een  made 
to  dIscuRS  debaliible  queationii,"  imd  "hence  pa- 
tnoiogy  and  eifology  do  not  recelie  ai*  full  conftid- 
erailun  %if  ^ymptomatoIogy,  dlaKnoHla  and  treat- 

norris  on  the  Skin.— Just  Ready. 

Diseases  of  the  Skin.  An  outline  of  the  Prinriplew  aiid  Practit-e  of  Der- 
maioloK^.  l^y  AlAi/.ttiM  Mojtit  is.  K.  K.C.S  ,  Surgeon  totbeSkin  lH.'pitrliuent,  nl  MarV* 
HofipUal,  London.  In  one  12m(>.  volume  of  572  J>age^,  with  19cfaronit>-licbogmphtc  ligum 
and  17  engraving*'.    Cloth,  13.50. 


mant"  It  treat*  In  aInhab?tlcAl  order  of  tha^M- 
eaaei  of  the  eklo  and  their  manaitemenL  Thla 
book  aeemn  to  iin  the  tieM  of  lu  cU«a  thai  haa 
vet  anpenred. — Boston  MtHical  and  eiUT^xcal  J«ms 
Via/,  May  16,  IfiBS. 


ThU  admirable  manual,  wrttton  a^  tt  erldently 
1«  by  n  Wf-*n,  cierer  specialist  of  excepliannlly 
■wide  experience,  moiit  natl-factorlly  meet^  th«- 
requlreraenfi)  of  tlie  American  practitioner  of 
medieiue,  in  that  It  sfTen  him  a  clear,  compretien- 
slre  picture  of  every  Dkln-ftfTectlun  for  the  cure  of 


which  there  in  any  ohanoe  of  hi'- 

and  forinutalfe  for  him  a  eyttrni  ' 
ill  the  f^llnwinB  of  which  he  can  (•-• 
of  obtaining  ua  best  rsbulia.— i- 


•-■'ted. 


•4 


Fye-Smith  on  Diseases  of  the  Skin.— Jnst  Ready. 

A  Handbook  of  Diseases  of  the  Skin,  liy  P.  11. 1'YK-yMiTB,  M.  T)^ 
F.  R.  S  ,  Phynioian  to  Guy>  Hospital,  London.  In  one  octavo  voltuue  of  4(»7  pagCi« 
with  26  ilhtmmtionfl,  IS  of  which  arccolorwl.     Cloih,  S2.CK). 

It  in  A  plain,  practl<*aJ  ireiitlNo  on  dermatology,    adrances  made  In  thi-  '<«, 

written  lor  th<'  »tii>]ent  and  teeneral  practitioner  i  he  pitys  a  meriie<i  corn  ;  >ut 

by  a  gsnora!  iinictitloncr  of  broad  experience  in  I  contribution*    made    f>:  of 

the  •r-eciJil  snbjt-ct  u(  which  he  wrKen  He  almpli- 
Bes  Ine  numeorliilnre,  tind  Hiinceed!*  In  remoTlng 
nui-^h  of  tlK^  dH)1cully.  Aft*r  rcTlewioij  the  recent 


dermatology,  that  of  Aiii«riOtt."-*/***^t«*Ty  JSt^Uemi 
Ittiuac,  June,  Ijtua. 


Jamieson  on  Diseases  of  the  Skin.— Third  Edition. 

Diseases  of  the   Skin.     A    Manual    for  students  and    I 
W.  Allan  .Iamii-xiS,  M.  Ia,  Lecturer  on  Diseases  of  the  Skin,  S*'UonI 
burgh.     Third  edition,  ruvihed  and  enlarged.      In  one  oclaro  volume  "i  •/ 
wrxxlcut  and  0  doiihle-pnge  chromo  lithographic  illiistralimis.    Cloth,  $5.00. 

The  "COi-eof  the  work  1*  e>t^entm'ly  I'llnical.  lU- I  fteneml  pT:i'h;ivii*"r    wiM    fl'Ml   tht 
tie  reference"  >*\tigt(\.v<le  Vov^^^^'^^^aV'^'  d('«puted  |  tulue  In  ii 
theoria*.    Almost   every   MvV)eci  W  to\\o««4  ^i-j  \ Uv.w  Wm 
-♦riilTe  fawn.    The  \>%%.*t,  t\T«  hW^A  -"Xv^  ^^^v^"\ I 


»l  those  ocruv^«"i  ^^^^  *^^^  dwi»»^ 

Co.. 


Publisher*.  10ft.  10&  fc1\0  5ftn*»m  %\f««\.  VV.\\«&«\^« 
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The  American  Systems  of  Gynecology  and  Obstetrics. 

Systems  of  Oynecology  and  Obstetrics,  in  Treatieea  by  American 
Authors.  <iynetH>l«>i,'y  e<lite»i  hy  Matthew  D.  Mann,  A.  M.,  M.IX.  PmfeMwtrof  Oneirics 
and  (.Tvneoilogy  in  ihe  Meitical  Dejiartment  of  the  UniversitT  of  Biitliilo;  and  Ohblet- 
rics  eJiteil  hy  Barton  Cooke  Hirst,  M.  D.,  AieociaLe  Pirjfesaiwr  of  Obstetrics  in  the 
DniverRity  of  I'enrwylvania,  FhilatlelphiA.  In  four  rerj  hnndwinie  octATo  vohimefl,  con- 
taining 3ol2iiageti,  1002  engmvings  nnd  S  platea.  Coiuplele  work  now  ready.  Per  vol- 
ume: Cloth,  |->.0O;  leather.  $6.00;  half  Kiiwio,  $7.00.  For  mU  by  tubscription  only. 
Addreu  the  PuhiUhertt,  Full  doscriplive  cirnil.ir  free  on  nppliration. 
Th«ae  ffolumes  arethtfconlrlbatloDtiof  th»  moRl  I  Unlt«d  Stales,  the  chanu^ier  of  the  eoD,  th*  man- 


iloeol  ganttemen  of  thU  cuuatry  lu  l)i(><t«  d«- 
pftrtmentAof  theprofeMion.   EAAhconiribiiUirpr^- 


D*n  aod  cunlnniN  uf  tlir  p«oul«,  etc..  It  I*  p«cul- 
larly  adapted  to  lh«  waata  nf  Am«rl<'an  pnu^tltlon- 


•eota  a  monograph  upon  hfa  special  loplo.  po  that  i  en  of  medicine,  and  itneems  to  u*  that  every  odb 
•Terjrthfnit  In  the  way  of  hfi^tory,  tlieory.methodii,  I  of  th«m  would  desire  to  have  iu"  Kvery  word 
and  re»ulu  Is  pre<*i*r)t«ii  to  our  fulle<<(  ueed.     An  n  l  thus  eKprei>»«d   In  reeard  to  the  "American  Sytf 


work  of  (;*nernl  ref<*rencp,  it  wtll  t>i>  fniind  remark n 
biyfull  and  In^'trucijve  In  every  diretrtlon  of 
inquiry.— 7*Ac  Mttetne  0«s«f{«,  S«ptenib«r,  ISSS. 

One  )4  Ml  ■  lo'^tt  to  know  wliat  to  aity  of  this  vol- 
ume, for  fear  that  Juiit  fend  merited  praiM  may  be 
mistakao  for  flattery.  The  piipere  of  l^r!*.  Engel- 
mann,  Martin,  HirNt^Jai^Kvd  Had  Keev«Bre  inonm- 
paratifv   h«'Vi>[i<l   anythloif   that  can    Iw    found    Id 


oboi 
A** 

I 


tern  of  Praollr«]  Medlrlne"  t!i  spplicahle  to  the 
"tiytttem  of  riynecoIoRy  by  AacTlcto  Author*." 
It,  like  the  other,  has^ieen  written  «xcln»tvely 
by  Amerir'Kii  phroli'lune  who  are  artiualntetl  with 
all  the  characteristics  of  American  people,  who  are 
well  infomie<l  In  reicard  to  the  pecnllarltleB  of 
American  women,  their  manner*,  cupt'mif,  modee 
of  living,  et<*.  As  every  praetimlnK  phyntdan  la 
'  —Journtttoftht  Amertcan  Mtdical  I  ealled  upon  to  treat  dlseajted  of  female*,  and  M 
a.  l*i«*!i.        "  .... 


ihey  eonftitiiie  a  c]Af*9  lo  which  Ihe  fnmlly  phy- 

f  the  '*8ystem  of  PrartlcBl  Medl-  I  vlclan  muat  Klve  Attention,  and  cannot  das*  over 

ein*  by  American   Authom,"  we  mafie  the  follow-    to  a  specUHttt,  wo  do  not  know  of  »  worV   In  any 

lug  staleinent:— "It  Is  a  work  of  which  the  pro-  I  department  of  nieJIcinethat  weehoutd  roftrongly 


fiftaalon  In  thi?  country  can  feel  proud.  Written 
•acluHlwIy  by  American  phyitlclanB  who  are  aiy 
c^aalnted  with  all  the  Tarleties  of  climate  In  the  [ 


recommend  medical  men  Konerally  purchatlos-— 
CiMeimnmti  M4d.  Nrvi,  3  u  ly,  ftST. 


Emmet's  Gynaecology.— Third  Edition. 

The  Principles  and  Praotioe  of  GynsBOology ;  For  the  n§e  of  Student* 

and  Practition«r»  vf  Meiiicine.  My  Thomas  .\M)15  Kmmet,  M.  !>.,  LL.  I>.,  Surgeon  to 
the  Woman's  Ifotipitiil,  Xew  York,  etc.  Third  eilition,  thopoiighlT  rcTifled.  In  one 
large  and  rery  handsome  8vo.  vol.  of  S80  pp.,  with  150  illue.  CIolli,  $5;  leather,  $6. 
We  are  In  doubt  whether  to  conf^tulate  the  i  the  privilege  tha«  offered  them  of  peru-alog  the 
author  more  then  the  profenKinn  upon  the  appear-  view**  and  practice  of  the  author.  Kiii  earoestuece 
ance  of  the  third  edition  nf  thU  welUknown  work.  \  of  purpoHe  and  conNrientluuitneAJi  are  manifeit. 
Embodying,  as  it  doe^  the  tife-long  experience  of  '  He  gives  not  only  hiit  individual  ciperlence  but 
one  who  haff  conrtplcuou^ljr  dUtlogulihed  himeelf  '  endeavom  to  represent  the  aclnal  suie  of  gyow- 
aa  a  bold  and  Huccewful  operator,  and  who  haa  i  coloKloal  eclence  and  art.— £ntuA  HtdiealJour- 
devoted  no  munh  attention  to  the  apeclalty,  we  nai.  May  16,  Ifi86, 
feel  atire  the  profeealon  will  not  fall  to  appreciate  1 


Talt's  Diseases  of  Women  and  Abdominal  Snrgery. 

Diseaaea  of  Women  and  Abdominal  Surgery.  By  Lawwn  Tait, 
F.  R.  C.  S.,  Profeesor  of  Gynii'Oologj' in  i^ueen's  C'tllege,  Bircuin^hntu,  late  Prtaident  of 
the  flritiah  Oynecological  Si>ciely,  Fellow  .\nierican  Gyna'Cidogical  S«K;iety.  In  ivro 
ocUTo  vols.  Vol.  I.,  Sa  pp.,  62  engravings  and  3  plates.  Cloth,  $3.  Vol.  II.,  prfpariny, 
Ttie  plan  of  the  work  does  not  Indicate  the  regu-  Much  of  the  text  la  abundantly  lllu«trated  with 
lar  syabem  of  a  text  hook,  and  yet  nearly  every-  !  caaea,  whiob  add  value  In  ahowing  the  re»ult«  of 
tblogof  diM>a«^  pertaining  to  the  varloua  orgaa«  the  ftuggeated  plan*  of  treaimenL  We  feel  con- 
recelveaa  fair  consideration.  The  dewrlptlon  of  ftdent  that  faw  gyneoologUta  of  the  country  will 
diseased  condltlontt  le  exceedingly  clear,  aad  the  foil  to  plane  the  work  In  their  Ubrariea.— The 
treatment,  medical  or  surgical.  Is  vary  Mtlsfactory.    Obif«/rte  0«ut/<,  March,  1800. 


Edis  on  Diseases  of  Women. 

The  Diseases  of  Women.  Including  their  Pathology,  Causation, Syroptomi, 
Diagnosis  and  Trentment.  A  Slnnnal  for  .Students  and  Prartitionera.  Ry  Arthur  W. 
Edis,  M.  D.,  I»nd.,  K.  H. C.  P.,  M.  R.C.J*.,  .\fsifitant  OUtetric  Physician  to  Middlesex 
Uoapital,  late  Physician  to  Hrittsh  Lving-in>Ilospital.  In  one  handsome  octavo  rolnme 
ofSTtS  pages,  with  148  illustrations.     Cloth,  $3.00;  leather,  $4.00. 

among  the  more  common  methods  of  treat- 
ment, and  yet  wmry  little  U  said  about  tbem  to 
many  of  the  text-hooks.  The  book  la  one  to  be 
warmly  recommended  especially  to  students  aad 
general  prartii  Inner*,  who  need  a  concise  but  aoBi> 
pleie  rMuwti  of  the  whole  suhje«t    Bpectallste,  loo» 

will  find  many  neefbl  hlnu  to  lU  pagea.— r 

ifad.  And  Shr^.  ./ownu.  M  aroh  S.  IRSa. 


The  special  qualities  which  are  conspicnouf« 
are  thoroughneaa  in  cfiverlng  the  whole  ground, 
olearaeas  of  description  and  oonclseneasof  state- 
meot.  Another  marked  feature  of  the  book  Is 
the  attention  paid  to  the  details  of  many  minor 
snrglcal  operation*  and  procedures,  ai*,  for 
Instance,  the  use  of  tents,  application  of  leeches, 
and    lue   of    hot   water   Injectlonii.     Theee   are 


BODOEON  DISEA9E.S  PECULIAR  TO  WOMEN. 

Including  Dlaplacementsof  theUterua.  Seeond 
edition,  revised  and  enlarged.  In  one  beautl- 
fhlly  printed  ofrtavo  volume  of  &|g  pages,  with 
original  lUuatrationa.    Cloth,  $4.60. 


WESTS  LECrrRES  ON  THE  DISEASES  OF 
WOMEN  Third  American  from  the  third  Lon- 
don edition.  In  one  octavo  volume  of  MS  pages. 
Clolh,  $»7&;  leather,  HT6. 


l9a8roth9r$  S  Co..  PubftBhen.  706,  708  A  7t0  Sanaom  Straet.  Phdad%\ph\tu 
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Diseases  of  Women — (Continued). 


Thomas  &  Mnnde  on  Diseases  of  Women.— Sixth  Edition. 


APractioal  Treatise  on  the  Diseases  of  Women.  Bv  T.(iAiLLARi> 
TnoMArt,  M.  D.,  LL.  D,  Kmeriuis  Profefisor  of  Duteasea  of  Women  in  ibe  College  of 
Fhysit  i.in«  and  .Snrgeonii,  New  York,  und  Pacl  F.  >[i:xdk,  M.  1>  ,  I'rorewor  of  Gynecol* 
ogy  in  the  New  York  Polyclinic.  New  (sixth)  edition,  thoronghlj  reriMd  and  rewritten 
by  Dr.  Mundr.  In  one  Urge  and  handsome  octavo  volume  of  S2-1  pages*  with  347 
illustraliona,  of  which  201  an*  new.  Cloth,  $5  00;  leather,  $'1  W. 
The  iiroffoKloo  ban  sadly  folt  tho  want r.f  at«it-  i  ncqunlnlance  with  the  world'*  tlL»r»ture  of  ttU* 


book  OD  d]iiea>«fi  nf  women,  which  should  be  '*om 
|ireheuttivt?  and  mi  llie  Mine  time  imt  diiTuie, 
syittcmallralljr  arrunged  no  a-s  to  be  ea.<«[Iy  rra*-ped 
by  ihe 'tuil«*ht  of  Ilrolied  exiwrleiK'*,  Kiid  which 
•  fiould  rtiibrace  lite  woadcrfiil  a<lvaao«(i  which 
have  hf'f't:  madt*  wKhin  the  Iiu>t  two  di^radew. 
1  homai)'  work  rultilled  these  conditfon",  and  the 
aaoaunc^meot  iluit  a  new  edition  wa«  ^i^^mt  to  be 
Umted,  revlaed  by  »o  compet^-iit  a  wrltfrnsDr 
MnndO.  wai*  hailed  with  delight-  tir.  Mund^ 
brlnKii  lo  hh  work  a  most  practical  knowledge  of 
tfaa  «ut>)ect«  bf  which  he  trenl^  and  aoeKeeptioDal 


Iraportaot  branch  of  medicioe.  The  r«*aU  la 
whni  le,  perhaps,  on  the  whole,  the  t«e«t  practical 
(rcaUee  on  the  subject  In  the  KrkII^Ii  laxicu*($*. 
It  i«.  M  wfi  hnre  tatd,  the  ivett  textbook  we  k  now, 
and  will  bo  of  eepednl  raluM  to  the  grneral  ytncfU 
lIuDero.-*  well  a4  to  the  «iieo].tli*l  The  tlMi«tT«> 
lionit  nre  very  entl!>rarlory.  Many  <>f  Itiem  are 
new  nod  are  parilciilarly  clear  .^nd  aiiractlre. 
Tlie  bo«.k  will  uaduubtodly  meet  with  a  rAvnmb'e 
rereuifon  from  llie  uiofeMion.— fiost'^A  J/afw«f 
arid  Surgical  JourrniL,  Jaouary  14, 18V8. 


I 


Sntton  on  the  Ovaries  and  Fallopian  Tubes 

Surgical  Diseases  of  the  Ovaries  and  Fallopian  Tubea,  including 
Tubal  Pregnancy,  lly  J.  BLA^D  SurroN,  F.  R.  C.  H.,  Awislant  Snrgtxn  to  the 
^fidd)i!>ex  Ilosjiitu),  London.  In  one  crown  octavu  volume  of  544  pngea^  with  119 
enjfravings  and  n  colored  ]>latea.     Cloth,  $3.00. 

Thlf<  I"  Qol  a  book  to  tw  r'ad  and  then  ahelved  ;  needn  Juitt  *ncb  a  book.  It  will  be  of 
It  Is  one  lo  he  Htudtod.  It  Is  not  haned  upon 
hypoth'x^ee  but  upon  ractn.  It  maken  patholoKy 
practlrai,  aud  inciilcue<i  a  prn«tice  biieed  ti|Min 
patholn^.  It  la  succinct,  yet  lhorrtU«h;  pracll- 
cal,  yet  -M-lenille;  i  oo8erfnri?e,  vfi  hold      It  | 


probab'v  on  the  table  of  all  Kyn»L<ol^peCe;  but  it 
la  Dot  for  them  alone; 


t)i«  general  pravtltlooer 


(lerirlc?  to  hiin  lo  the  nitidy  uf  pelrtc  di^e«aas,aa4 
will  a^i^uredly  open  hi**  eyeo  to  the  proffreaa  nao* 
by  ouowrieniiouK,  painstaking  workere  llk«  Vf. 
Sutton  in  tli««  fleid  of  pathology  and  dilTerwatl*] 
dlaKnoslM— /tr«"  nfujna!  ittdvAt  JdagamUt  Jef>- 
tembcr,  1602. 


Davenport's  Non-Surgical  Gynecology.— Second  Edition. 

Diseases  of  Women,  a  Manual  of  Non-Surgical   Oyneecology. 

Deaipticd  es|»fiinl!y  for  the  Use  of  Students  and  General  Pmi titionem.  Fly  ]'KA\ct9 
H.  Lt.WENPORr,  }>i,  I).,  Afwisunl  in  (Jynn'coU»gy  in  the  Medical  I>eparlmeDt  of  llurvani 
Univereity,  lio^ton.  New  (second)  edition.  In  one  haodsome  12mo.  volume  of  314 
pa^e«.  with   107  illufltrations.     Cluth,$1.75. 

Many  Taluable  rolnme^  already  exUt  on   the  I  the  actual  tent  of  ezperienoe,  and  being  eonclsely 
surgkitl  a^peuleof  gynecology,  but  ir-nDt  attenlinu    and  clearly  written,  conreys  a  great  aniouni  of  lo- 
haM  bet  d  paid  lo  recent  yenre  to  (he  noQ-flurglcal  |  lormatlon  In  aconrenlentspaoe.— ^nnaL«o/(?yiK^ 
treatment    of   women'*   dis^aee*       The    present  .  r<>/o9y  and  Ardia/rt^,  June,  IJBliX 
TOlume,  dealing;  with  nothing  which  hu  not  Htood 


Hay's  Manual  of  Diseases  of  Women.— Second  Edition. 

A  Manual  of  theDiaeases  of  Women.  Being  a  conoise  and  Byatcnutic 
•xptaition  of  the  theory  and  pnutife  of  gynetitlogy.  By  Charles  II.  May,  M.  D., 
late  H>>itK«»  Snrfceon  to  Mount  Siiini  llnspital,  New  York.  Second  nlilion,  edite^l  by 
L.  8  Kau,  M.  h,f  Attending  Gyneouto|jiBt  ul  the  Harlem  KoepiuJ.  N.  Y.  In  one  12m0b 
volume  of  360  patree^  witlt  31  iilu&lratioiia     Cloth,  $1.75. 


Thin  i*  H  manual  of  Kyoecology  in  a  very  ooo- 
deoHed  form,  and  the  fact  thnl  u  ne^ond  eiHtloo 
tiae  been  called  for  Indlcateis  thnt  It  hM  met  with 
a  faTorable  recention.  It  iti  Intended,  the  niithor 
IaIIh  u>«.  to  aid  the  «r.ui]i«nt  who  nfter  liAving  cure* 
fiilly  p^nineil  larcor  work^  de«tres  to  review  the 
iubjecr.  and  he  aaddthat  It  mav  K»  useful  to  the 
practitioner   who  wl-ihes  to   re'i«fh   hi-  memory 


rapidly  hut  has  not  the  time  to  eouflalt  larg*r 
works.  We  are  much  fitruck  witti  ii.t>  r«.. lines* 
anil  oonrenieoce  with  which  one  knj 

tiubject  contained  In  thlf>  volume  "{&' 

piled  indexew  iin<l  ample  lllustrall  ...     ._   rieil 

tlie  work.  THIa  mnnual  wlU  be  fotiu-l  ut  fuiSl  Itt 
purpo^e^  very  aad-faotorliy.— r*s  i*Ays*«»«»  m4 
ilnrgaon,  Juae,  ViiHi. 


Dnncan  on  Diseases  of  Women. 

Clinical  Lectures  on  the  Diseases  of  Women;  Dellvereil  in  Saint 
Barthnlnmew's  Hospital.  By  J.  MArriitws  l>rNt.-AN,  .M.  U,  LL.  U,  F.  K,§.E^  Mc 
Id  one  rtctavo  volume  of  175  pa^ea.     tJloth,  $1.50. 


I 


They  are  in  every  way  worthy  of  their  author; 
lnde«>d,  w««  look  upon  thf>m  a*  among  the  moet 
raluahie  nf  hN  contrlhutl'^ns.  They  are  alt  upon 
roatter»>  of  great  intereat  lo  the  geaeral  practlllODor. 
Some  of  them  deal  with  subjects  thai  are  ool,  ai  a 


rule,  adequatelv  handU-l  in  th*  t^^t.Y^..t.  .- 
of  thent,  while  beariri.  .»Jly 

treated  of  ai  length  ii  -It  a 

sl«mp  of  lDdlvldualii>   ...>■.     -^^    ..,,..    ^,  be 
wtdafy  read.— ^.  F.  MmUad  Jt^rmU,  Hurch,  iaUk 


ASBWCl.L'S  PRACTICAL  TREATISE  05  THE 
DI£]BASEti    PECULIAR    TO    WOMEN.     Third 


American  from  the  third  and  revlM 
edition.     In  one  8vo.  toI.,  pp.  ftSt).    Cloth, 


Lea  firothors  &  Co.,  Publishers,  706,  708  &  710  Sanborn  Sirvet,  PhUadtfphta. 
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Playlair's  Midwifery.— New  (8th)  Edition.    Just  Ready. 

A  Treatise  on  the  Science  and  Practice  of  Midwifery.  By  W.  S. 
PXiATFAiR,  M.  I>.,  K.  K.  <'.  V.J  Prol'cf'sor  of  Obsttunc  Medicine  in  KinK''*?  Collec«,  Lon- 
don, Examiner  in  Mutwiftn*  in  the  Univunsltieb  of  Cumltrldge  uiid  London,  and  to  th« 
Koyal  (.'oUegeof  I'livRkians.  Sixlli  American,  from  the  eighth  EnglUh  edititm.  E*Uted, 
with  addttionn,  by  Robert  P.  Harris,  M.  D.  In  one  handsome  ociovo  volume  of  697 
es.  witii  217  engravings  ami  5  plates.    ClDth»$4.00;  leather,  $5.00. 

polau  wher«ln  AmerU-ao  pnicllo*  dlffeni  from 
thnt  of  KnglUli  olMit«trlv)»as  Thi>  work  wilt  r6o- 
tlnue  to  b«  B  faroritn  i<-xt-book  for  thp  i«tu<l«at 


Thedrmaod  ror«UhlEnKll)ihaDd  aJx  American 
'lilon*  of  tbl«  Htaudurd  wurk  io  »«Tenl««a  y#ar« 
llfleft  ID  (he  miccefs  wllh  which  the  Rtiihor  has 
xccuted  rile  original  purpo»>(<.  IIIioh)ect  "hoe 
-plt- 

fery 

hicn   rmKodli><>   all    r*M'*nt   adTftnoftt."     He    has 
«adeBTored  to  Uw»  1  •*'p«ciallv  od   the  procltral 

fiftrt  of  ih*-  "luViiect,  HO  Hn  to  ni»Ke  th*«  work  a  <n««- 
ul  cu'ilf  In  (nIn  [no<it  iimintiM  :inil  rAppouMlhle 
brnoph  "f  the  prof<>fif>lon."  The  prenent  let<iie  Is 
the  re«iiiU'f  H  thorough  revlifonor  Itn  predeceeMr 
■Jt  thm  huid*  of  the  Kiilhor.  It  hwi  ItkewlMS  re- 
ivlTffl  th*  b^hefllof  rnreftil  re»i«fon  hy  Dr  Robert 
P.  llKTTl",  nf  phlladflphin,  whoec-  konotAtlODS  In 
%h\9  ftod  in  preTloiie  editions  hare  onvored  the 


and  a  truslwonhT  snide  for  the  prorittioner.— 
Mrmphit  Aftdieni  Monthlv,  I'Pcenitte'-,  ItJWt. 

In  thfi  method  nf  treatinK  tiJi  theme,  that  la  to 
clparn^Rft.  prr<<picul(y,  In  a  Bmouth-HowlDg  and 
yet  teree  Mierary  etvle.  nolwlthf^inndlna  the  great 
uiiDilier  "f  nt<w  clalmHiite  In  the  6ela|chl«  work 
Ntlll  .•iiauilH  without  a  superior.  The  teachings  on 
thevarioiif  formhof  noomiUouNand  difflruli  Ubors 
■re  clear,  full  and  ezplirti,  nnd  ih4>Mi  fiinrtleal 
matter*  bear  the  full  atitrnp  of  Die  aiilhor'o  high 
anthorltv.  A  hnr>k  that  alr>  ady  haw  th^  prmlHe  of 
the  eiTtUs^d  world— TA/  Amerinnv  Piwtittontr 
n«d  AVw*.  I>ee*rat«er  1'-.  iw'i. 


Parvin's  Science  and  Art  of  Obstetrics.— Second  Edition. 

The  Science  and  Art  of  Obstetrics.  By  THt:urnii.i«  rAuviN.  M.D., 
LL.  V\,  Professor  uf  Obstetrics  iintl  the  Diseases  of  Women  and  Children  in  Je^fersoa 
iledicul  ColU>ge,  Vhilmlelphia.  Second  edition  In  one  handsome  8vo.  volume  of  701 
[MUCC*,  wilh  230  engmvinpt  and  a  rolored  plate.     Cloth,  $4.2-5;  leather,  $^25. 

The  second  edltt'^n  of  thl^  work  lt>  fully  up  to  the  I  4eholar  and  a  muter.     Barely  In  the  ranee  of 
resent  «tau>  of  adranoem<>Dt  of  the  obiiteirlo  art.    ohMteirIc  literature  can  be  found  a  work  which  Is 

t-o  comfireh»n»lre  and  yet  compact  and  pra<*tlral. 
In  Huch  rei-pfct  It  in  eiuentlally  a  teit  book  of  th« 
flrt>t  mrrtt.  The  treatment  of  the  Fubjeri»  gives  • 
r^al  value  to  the  worh— the  Indklditahii^H  nf  i» 
practtral  tearher,  a  jlkll^)l  obntelriclan,  a  eloea 
thlnkf  r  and  a  ripe  itcholar.—Jfed.  £«e.,Jao,  17,  '91 


*he  author  hai>  •iicce^ded  exceedingly  well  In 
hlCori>"(«tlDg  new  mailer  wilhout  at>T'arently  In- 
ereoalutt  the  al&e  of  ht?>  work  or  interfering  with 
the  imrkothnertA  and  grace  rif  itp  llteniry  constrtic- 
UoD.  He  t»  Tery  felidinuo  In  hi*  detcrlpllnn*  of 
eondlllnnis,  and  proTCN   hlmNclf  In   thiB   rr- )>«'<•  I  a 


King's  Manual  of  Obstetrics.— Fifth  Edition. 

A  Manual  of  Obstetrics.  ]\y  A.  F.  A.  Kixt;,  M.  I»..  Profeasor  of  Obstetrics 
and  I>i*ea»eb  of  Women  in  iJie  Mediciil  Pepartment  of  the  O^himbipn  Univeraity,  Wash- 
ington. I>.  C,  and  in  the  University  of  Vermont,  elo.  New  (Gfth)  edition.  In  one  12tno. 
Toturoe  uf  446  (ffigefi,  with  150  illiiBtnitions.     Cloth,  $2.50. 


8ooompr«henitiTe  a  treatise  eoiild  not  be  brought 
rithtn  the  limit*  nf  a  hook  of  thtn  Mice  wr<re  tint 
'two  ihlDirs  e*peclally  true.  Flr.-l,  I'r.  King  1«  a 
teacher  of  many  yearit'  ezperlence,  and  kDowo 
Jtttt  hi'W  <n  preosni  hlR  puhJrctH  in  a  mannerfor 
th^m  tu  be  beat  receired;  and,«e<  ondly,  he  can 
put  hi*  Ideas  In  a  clear  and  coQcl^e  form.  In 
other  word"  he  known  how  to  U!*e  the  RD[ili*'h 
laoKUKge-     He  gives  u»  the  plain  truth,  free  from 


unneceseory  ornaraentation.  Therefore  we  aay 
there  are  oIdv  hundred  iiages  of  matter  t>etween 
the  covers  of  ihli*  manuarof  four  hundred  and 
Afty  pacee.  We  raumd  Imagine  a  better  manual 
ftr  the  hard  worked  iitudeot;  while  itii  clear  and 
practical  teachings  make  It  inraliiabl^  to  the  buaj 
practitioner.  The  illuetralloos  add  much  to  the 
Nut'ject  matter.—  77i#  yt'Uonal  M*dieal  fieruw, 
Opiober,  1892, 


Barnes'  System  of  Obstetric  Medicine  and  Surgery. 

A  System  of  Obstetric  Medicine  and  Surgery,  Theoretical  and 

Clinical.     Fur  the  student  sml  the  Pmctitioner.     By  Rohkrt  RAiiNr.-*.  M.  Iv,  Phys- 

irion  to  the  <*enenil  Lyini^-in  IIr.«pi(iil.  Iv<mdon,nnd  Fancoirt  Harne«,  M,  IL,  <»lwtetric 

'hysif  nn  to  St.  TIn'iuaB*  n<«pitul,  L<Midon.     The  Section  on  Embryology  hv  Prof.  Milne* 

Marshall.      In  one  8vo.  vuluine  o(  S72  pp..  with  231  illnHtrations.    Cloth,  $o;  leather.  $6. 

Landls  on  Labor  and  the  Lying-in  Period. 

The  Management  of  Labor,  and  of  the  I>ying-in  Period. 
By  Henry  a.  Lamus,  A.  M.,  M.  l\,  Profeswrof  Obeletrira and  the  Diseases  of  Woniei> 
in  Starling  Me^liral  College,  CoKiinbtui,  Ohio.     In  one  handsome  12mo.  volume  of  334 

1th  28  ilhistrations.     Cloth,  $1.75. 

octavo  volume  of  r>40  pages,  with  M  fail  pag* 
plates  and  43  woodcuts  In  Oie  leit.oonlalnlDgTa 
all  nearly  'HJO  beaiitlflil  ngure*  Strongly  boand 
in  Irittlier.  with  raiikt^d  )iAn>l»,  f7. 

CHITKCRILL  (»N  TH  K  prKRPKRAL  FEVBB 
AND  OTHER  DISEASES  PECULIAR  TO  WO- 
MEN.    lDoneSTU.Tol.  of4Mpnge«.    CloU^  |2.M. 

TAWNBR  <»N  PRRfiNANrr.     <>rt*T0.  •»«  pogu. 

WIN  ISK  ON  THB 

V\  I   oF  CHItD- 

m-..-.  I  "I  .-....(.-Hi-  ....i  ,  <•.  L.,ui,i»pr».  Trans- 
lated from  tti#  Mcond  (.terman  ediitoo,  by  J.  R. 
CHADWKrx,  M.  D.  Oeufo  isi  pages.   Ctotb  ti.txX 


P«g««,  wil 

LEISHVUVa  SY.HTF.M  OF  MIDWIFERY.  IN 
CLUDINti  THE  DISEASES  oF  PREtiNANCY 
AND  THE  PUERPERAL bTATE.  Fourth  adl- 
tjon.    Of'tavo. 

PARRY  UN  EXTRA  TTERINE  PREilNANCY: 
Its  Clinical  Hlaiory,  DlAgno»l#,  Prognof-ts  oud 
Tr»mn.erii.     Oft«¥o,  'i^li  pag'P.     Cloth,  $2..^. 

RAMSHi»THAM'8  PltlNCIPT-Ea  AND  PRAC- 
THE  iiF  OBSTETHIC  MEDICINE  AND 
Hl'RGERY.  In  reference  to  the  Procees  ol 
PariiiTitlon.  Anew  and  enlarged  edition,  thor- 
oughly r^vlpwtd  hy  the  Aut)(or.  With  additions 
by  w.  V  KoATtHO,  M,D,Profe»#orof  Obdt^trica. 
etc..  1b  the  JelTersoD  Medical  College  of  Phllo- 
delp)iln.      In  one  Urge  and  handsome  Imperial 


tM  Brothers  a  Co.,  Pub/i$h9r$,  706,  708  4  710  Sanaom  Str$9t  PhiladBlphia. 


30      Dis.  of  Children,  Obstetrics— (Cont'd),  Manuals 
Smith  on  Cbildren.— Seventh  Edition. 

A  Treatise   on   the   Diseases   of  Infancy    and   Childhood.    By 

J.  Lewis  .Smith,  M.  D.,  Cliuical  Profes&or  of  JjUeages  uf  Children  in  the  HelU-me  Hospiul 
Me<Jical  C'i)Ilege,  New  York.  Kew  (seventh)  edition^  thoroughly  reviHed  and  rcwrilKn. 
In  one  handsome  octavo  volume  of  881  pages,  with  51  Ulua.  Cloth,  $4.50 ;  leatlier,  $5.50. 
We  h«T«  atwMVi  eonj'tJered  I>r.  Smith's  book  a»  I  la  alvigra  eonHerratlfe  and  thorongh^  uid  tb« 
one  of  the  T*rr  MAt  nn  the  Mihject.  Il  hiu  atwayit  <  erldenee  of  re««arch   ha^  long  ^Inro  plac«d  Ita 


been  pracilcal— a  flvid  Ix>ok,  ttieorctlciil  where 
theory  has  b«en  deduciKl  from  practical  experl- 
eoQ^.  He  Inkfti  h\m  tlieory  from  thv  bed-^ide  and 
the  pntholotflral  laboratory.  The  very  pra^lli^al 
chaructf^r  of  thla  book  hoe  alwayo  appealed  lo  itp. 
It  1m  rharBrtrrimic  of  Ilr.Smtih  In  alllikf  wrlticK^ 
In  collect  whut^Terrrrnmnienrfallonttsre  fouod  In 
medical  Uicralnre,  and  hlei  tt^arch  ha»  been  wide. 
CD*  seldom  fallHioOnd  hftea  prhotlcal  euRgefitlon 
aft^r  j»eareh  in  other  worki*  hu**  l»t*BU  In  »ain.  lu 
the  Fpvfnlh  edition  we  nnle  it  T&rlely  of  rhan^n 
In  nccor-lance  with  Iho  proj^re^'s  of  ll'ie  llm* ».  It 
»ttll»taiida  foremost  ae  the  American  text-book. 
The  literary  alyle  could  nut  be  excelled,  lis  adrlca 


nnthor  la  the  front  rmnk  of  medical  teacher*. 
Tft^  Jm€r%can  Journal  of  tk<  Al^ieat  Scivictt,  Dmc 
ISOl. 

In  the  pre«eal  edition  we  notice  that  many  oC 
the  chapter*  have  t>oen  entirety  rewritlea.  Fnli 
□  ntictf    lit    taken  of  all    the  rncfnt    wl^&ncn   thai 

hare  bet'n  made.     Many  i'-. ■    ■    •  -   r-rtulf 

treft1e<l  of  hare  received 
work  li)  A  very  prnctlral  '  < 
beeu  lakeii  thnt  the  dlrecn-'i:-  . 
be  [lartlrular  and  full.     In  n't  olf. 
cartful  ioftrucUooft  gl*r*_>o  In  tl ' 
hVfcleDe  and  the  artificial  rfre«l>t.H 
ditmtreat  Mediral  Jtwmal,  Feb.  1691. 


I 


Herman's  First  Lines  in  Midwifery. 


First  Lines  in  Midwifery:   a  Guide  to  Attendance  on  Natural 
Labor  for  tf  edioal  Studenta  and  Midwives.    IW  O.  Ernest  IIkjiman,  M.  K. 

F.  R.  C.P..  Ohsiclric  Phy^^^•ian  In  the  I^ndon  lli>!^pilAl.     In  one  V2mo.  Toliime  of  U*3 
paKeii,  with  80  illubtrBtion».     Cloth,  $1.25.     Sec  Studttit's  SerieJt  of  Manuait^  below. 

Thin  in  a  little  l>onk,  intended  for  (he  medical  will  prove  vuluuhle  to  the  beginner  In  mld«lft»ry 
Bludent  and  the  educated  mldnife.  The  work  and  cnuld  be  read  with  idTanla^e  by  the  roajorlty 
la  written  In  a  plain,  simple  ^tyle,  Hnd  In  ra  I  of  practltlonen*,  old  and  young. —  Th*  Jmum 
much  as  possible  derold  of  technical  terms.    It    Ffrtffightli/,  April  15,  It^i. 

Oven  on  Surgical  Diseases  of  Children. 

Surgical  Diseases  of  Children,   Ity  KDMrsD  Owek,  M.  E.,  F.  R,  u 
Surgeon  to  the  (  Itildreii's  ]{ob|)itul,  <rreut  Orniond  Street,  London.     In    one    ISmo. 
ume  of  b'2o  pages,  witli  4  chronio-lithographic  plates  and  85  woodcut*.     Clolli»  $10CL 
Bee  Series  of  Qinical  .lAinua/a,  bclon*. 

One  Is  immediately  iitrtu'k  on  readiOK  ihU  book  I  honerlly    recommended    lo   both    mid*nU  «a4 
with  its  aitreeable  style  and  the  evidence  It  every- 1  practitioners.      It  Is  hill  of  eotind   InforOiattott, 
where  pre»enu(  of  the  pru^iitiil   fnmihnrliy  of  ItN  i  pleasantly  j^Uta.—Amtai*  <ff  Bitt^pry,  B4af ,  lIMk 
author   wlih    his   subject.     The    ^^-ok    may    b«  I 

Student's  Series  of  Manuals. 

A  Series  of  Fifteen  Manuals,  for  the  um  of  Students  and  Practitioners  of  Medicine  antf 
written  by  eminent  Teachers  or  Examiners,  and  taened  In  pockel-sbe  I'ima  volume*  of  aoa6l>. 
richly  IUu«tnit«d  and  st  a  low  price.    'I  he  following  volnmeo  are  now  rf^sdy :   I^trrs**  Jtfnnuaf 
utry.il;   IIcbma.v's  Fi'*t  Lint*  in  A/u/ii  r/'^ry,  i\'lf>;  Tbitu*  ilnnuai  ff  Surijety,Uy  r^rUm 
three    volume*,  per  set.  i'T;     hti.i't   duwpnraf've  Anatumu  atni    PSt/Hfl-j^,  ti.    uwu 
Diogftimif^  12;  Romisw«>n  s  Ph\in'ti'>gttnl  Phytira^  Ri;  Bhpcb's  Mafena  M^ixti  and  TA«rnn>««ruu 
tloD).  $LfiO;    I'owxu's  Human  j'tii/niotn^v  (3d  edition),  (1.50;     Cla&rc  sod   Lncawooti's  hoswfvni' 
uai.  $l.M);  RAi.rc'»  CUnirnl  Cfc'^m»'»i/,' 8I..Vt ;    Tfcrvis'  SHrgienI  Apphci  AmtHomy,  $2;    PsrvEM's 

Pnihci/np,,  ti;  and  Ivi.ii>.'>i's  £/nnenU  uf  Htitoiogp  lith  edition).  tl~&.     Th«  followlbg  ta  In 
Pama't  FbrtMtf  M»du\n4.    For  separata  notteea  ae*  Index  oo  last  page. 
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Series  of  Clinical  Manuals. 

In  Rrratiging  for  iht'*  St^rifn  it  I;*."  l-^-en  the  design  of  the  publishers  to  proTldt-  Ih**  y; 
a  cotlecilon  of  ttuthoriiaiiv*'  i.i'n.'K';*;!'**  <^a  Important  clinical  pubjecis  in  at-i  ■ 
The  volumes   oootaln  aUxu  '-Vi  ).,in»'«  and  nre    freely  illUFtralod  ny  chronv- 
cut*.      The  folUiwInic  *oluni»-«-  nr*'  imm*  rendy :      Yko  on  FiikI  tn  tfmlih  awl  1) 
tli«  pMi4€,%\.lf>;  CkKTZhk  Knot's  Ophihiilmi£  Surgery^  13  2fi;   UncBiiiiioii  on  ^p' 
oo  the  ./oinfjt,  |-j;    OwBM   on  Surtjient  Dwam  of  CtntAran^  $3:    Moaais  on  8wrg*< 
A'idnsv,  $2-:!A;    >'ica  on   /Vof^irfs  aW  ZHifefotwn*.  $3;    Butlis  on  the  TVij^uf.  $1.M;      i 
nal  Qbttnuti-  n,  |:2;   and  Savaox  on   fnanmttj/  and  Altimi  JV«ur<tji><,  $2.     The  follovlng  bt  :l 
LncAS  on  £hata§t*  of  the  Vrtthru.    For  separate  noUoee  aett  Index  on  la«t  paca> 

Hartshorne's  Conspectus  of  the  Medici  Sciences. 

A  Conspectus  of  the  Medical  Sciences;  C^Mjuiuing  Han  "  - 
omj,  PhyijioU'gv,  Chemistry,  Mnteria  Metlira,  I'raitice  of  Mwlicine,  Surgery 
By  I1e,n'by  IlAUxaHORNE,  A,  M.,  M.  D.,  LL.  D..  lately  Profcs-sor  of  Hygic 
versily  of  reniiM'h'ania.     8eoond   edition,  thoroughly  revi^wtl  anil  greailv 
one  lai^  royal  i2mo.  vol.  of  10*38  pages, with  477  illiis.     Cloth,  $4.25;  lea; 

OOSDIE'8  PRACTICAL  TREATISE  ON^HK 
ptSEASES  OF  CHILDREN.  Sixth  edlUon,  re- 
vised and  atUEmented.  In  one  octsvn  voJnmeot 
TMo»»e«     noih.l^.S,'':  Ie;»ther,  ^  .i5. 

WE3T  ON  fiOME  DISORPKRS  ttF  THE  NF.RV- 
OrS  SYHTKM  \^  CV\UAA\'>OVv  \t\nue  small 
12mrt.  vnlume  ol  Vfl  pa*"".   C  (a\\,V«v.  \ 

Manuskk  of  EiamlnaiVoQS  uv^a  K^a.^o^l^v^')*'-- 
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niogy,  Suriery,  PriwUce  of  Medl'^Ine.  (ItMiecrm. 
Mft'-trla     ^^e.Jk■a,    Chemlf-try,     r!ia.-f!i*.f     ^r-V 
tl, -»      To  whit  I 
By  J.  L.  L' 

■■^   the    Phi 
Tlitnl  I  ditioii,  iho  ■ 
♦rilarired.     In   on.- 
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Taylor's  Medical  Jnrisprndence.— New  EditioiL    Jnst  Ready. 

A  Manual  of  Medical  Jurisprudence.  By  ALrnen  S.  Taylor,  M.D., 
Lecturvron  MeiJ.  Jurispnidvucc  ami  ChemUtiy  in  Guy's  Howp.,  I^ndon.  New  AnierlciiJi 
from  the  V2ih  English  edition.  Thoroughly  revised  by  Clark  Bkll,  Emi.,  of  the  New 
York  Bar.    Id  one  octftvo  volume  of  787  pagea,  witli  56  illus.    Cloth,  $4.50;  Wiher,  $5.50. 

Thfi  iM  Kcomplctci  rerlnIoQ  of  ttl  formvr  Araerl-  Into  tti«  criminal  conrts.  Thefilltor  bu  glvao  to 
CAD  and  EogliHf)  o<litlon«  nf  thin  i«(kin<lftrtJ  book.  twoprofesBloosarpfvreticf-ltofik  u>  he  relt«dupofi. 
ThU  edhtoD  contalnH  11  large  amniini  of  flotlrvly  -^Tht  Amtnean  Jutgrnni  cf  lH4  Mad%cai  Seteneu, 
new  matter,  m.iny  portion)^  of  tha  book  harlnii    April,  18Si3. 

t:>a«Q  rewritten  l>y  the  «dUor.  .Many  caaea  and  No  library  Is  oomptele  without  Taylor"*  Jl/cdimt 
■atlioritlcfi  har«  be«n  cited,  ami  the  cllallonfi  Jur-i*pru<i«'irr,  a«  lia  authority  (•  accepted  and  aD> 
broaght  down  to  the  laleot  dal«.    The  book  ha*    quatiionrd  by  the  conrta.— £ti/aio  Jfadieaf   aad 

QK  been  ,  ■     ■  ■ 


lOD 


ttaodard  tr«atiae  on  the  i^ubjeot  of    Surgual  Jourf\at,J}Xtt»,  1899, 


tnadlcal  Juriapriideuce.  nnd  hit4   gnop    through       Ther«  1h  no  otnvr  work  upon  the  •ubjaot  which 
many  edlt|on«—twe>lTe  KnglUh  and  eleron  Amerl-    ban   been  no  iintformly  r^cognlied  or  no  widely 

quoted  and  followed  by  oouriM  in  England  andlhia 
country.  Thl»«l«f«nth  Amerl(?an  adicloo  Ih  fully 
abrauat  vrltb  the  most  recent  tbouKbt  and  knnwl' 
edge.  On  the  >>a«l«  of  hi*  own  renearrhes,  of  Iha 
lavc(!tlgatlnn->  of  iiclentlBta  throughout  the  world, 
and  of  the  deolslona  of  our  own  rourta,  Mr.  Bell 
haa  iDPorpnraled  to  It  a  wealth  of  prartlral  nug. 

fientlonand  ln*trncL!re  illiuiratfon  which  cannot 
all  to  streoKthen  the  hoM  U  haa  so  long  had 
upon  the  profrnaion.— 7>«  Oimmai  J><no  Jfavo«'»» 


can.  Mr,  Clark  Boll  hat  pnlaritetl  nnd  ImproTed 
what  already  aeemed  ootnpleie,  by  brlDgmg  hia 
many  oltatlnna  ofcaiiea  dowD  to  date  to  meet  the 

E resent  law  :  and  by  adding  miirh  new  malter  h(< 
at  furnl-hed  the  medical  profevflloD  and  the  liar 
wUh  a  TAliiabIa  )>Dok  of  rafereooe.ooe  to  be  relied 
upon  IndaHy  prar>tloe,  and  quite  up  to  the  preaent 
Deed<<,  owinc  to  IIa  exhaualiTC  character.  It 
would  »eem  thnt  the  hook  ia  Indl.tpenaable  to  the 
library  of  b<ith  phylnian  and  lawyer,  and  panlou 


larljr  toe  legal  |>r»ctltloDer  whosie'dutlea  lake  htm  I  and  Reporter,  January,  1803. 


By  the  Same  Author. 
Poisons  in  Relation  to  Medical  Jurisprudenoe  and  Medicine.    Third 
Ainericsn,  from  the  tliini  and  revii^  Eugliah  edition.     Jd  oue  large  octAvo  volume  of  788 
pages.     Cloth,  $5.50;  leather,  $6.60. 

Lea's  SnpersUtloii  and  Force.— New  Edition.    Jnst  Ready. 

Superstition  and  Force:  Essays  on  The  Wagor  of  Law.  The 
"WaKor  of  Battle,  The  Ordeal  and  Torture.  By  IIknry  Chaulks  Lea, 
LL,  D.,  New  (4th)  e<Iition,  revi."*e«l  and  enlarge<l.  Kviyal  12mo.,  029  ]>age«.  Cloth,  $*i.75. 
Both  abroad  and  at  home  the  work  haa  been  |  handled  In  such  an  able  and  phtloaophlo  man- 
ner thai  (0  read  and  study  it  It  a  aiep  toward 
liberal  edurailon.  It  In  a  comfort  to  re>ad  a  book 
ihat  Is  PO  thorough,  well  conceived  and  well  done. 
We  should  like  to  see  It  made  a  text-book  In  our 
law  schools  and  prescribed  cotirite  for  admission 
to  the  bar.— J.p«eat  IntttUgmerr,  MArrli  \  \wr.\. 

A  work  as  remarkable  for  the  wealth  >>r  hIttorU 
cnl  material  treated  as  for  the  masterly  r>trle  of 
the  espotltloa.— JUrndon  ^rurday  £ni«w.  Feb.  2A, 
iwa. 


accepted  m*  n  standard  authority,  and  the  author 
has  endeavored  l^y  a  complete  rerWion  and  con- 
alderable  additions  to  render  It  more  worthy  of 
ihe  unlvevsHl  faror  which  hai  carried  II  to  a 
fourtli  edition.  The  style  Is  saTara  and  simple. 
And  yet  delights  wtlb  Ita  elegance  and  reaervrd 
etrength.  Tne  known  erudition  and  fldelity  of 
the  author  are  guarantees  that  all  possible  orlgl- 
oat  sources  of  Information  hare  been  not  only 
«oasutted  but  exhausted.    The  subject  matter  U 


w 


By  the  same  Author. 
Chapters  from  the  BeUgioos  History  of  Spain.~In  one  12mo.  Toluma 
<>f  S22iwigea.     Clolh  $2.50. 


The  wldttt,  depth  and  thoroughneas  of  reaearch 

L which  hare  earned  l>r.  I.na  a  high  European  plaoe 
A*  the  abU'r-i  til^tnrUn  the  ln<)nl4liion  has  ret 
Ibund  arw  here  applied  lu  aome  »l(le-l»*ues  uf  that 
^reat  nubject.    Wo  hare  only  to  say  of  this  Tolume 


Ihat  It  worthily  complements  the  author's  earlier 
studies  In  ecclesiastical  hlstorv.  Uls  exteiislTe 
and  minute  learning,  much  of  It  ft-om  Inedtted 
manuaoript*  lii  Mexico,  eppekra  oo  every  page.— 
LoTvion  Antiqunry^  Jan.  16dl. 


By  the  same  Author. 
The  Formulary  of  the  Papal  Penitentiary. 

(>agt;!i,  with  a  fmntisipiece.     Clolb,  $2.50.     Jwt  Rtady. 


In  0!ie  8to.  volume  of  221 


By  the  Same  Author. 
Studies  in  Church  History.    The  Rise  of  the  Temporal  Power— Ben- 


efit of  Clergy— Excommunication— The  Early  Church  and  Slavery. 

<md  and  revi*e»i  editiun,      \u  one  rxi^al  twtAvo  volume  of  605  pages.     Clutli,  $*J.ft<t 


Seo- 


T*ie  author  it  nre^minenlly  a  wbnlar;  he  taken 
ap  every  topic  allied  with  Ihe  leading  theme  and 
trACC!)  it  out  to  the  mlnutc-t  detail  with  a  wealth 
of  knowledge  and  ImparllttlUy  of  (realmeril  that 
OOOipel  adni'ratioti.  The  emount  of  (iiformatioii 
eotnprewted  into  the  book  l«  exIraordtoAry,  and 
the  proftue  citation  of  authorltiea  and  references 


makesthework  partlcularlyTalunbl. 
who  desires  an  exhauDlire  review  - 
sources.  In  no  other  nlngle  Tolitmp  ■ 
ment  of  the  primitive  church  trnr'et; 
elrarne^.t  and  with  so  deflnlie  a  i 
complex  or  conflicting  foreea. — Ba* 


By  the  Same  Author. 
An   Historical   Sketch  of  Sacerdotal   Celibacy  in  the 

Church.     Second  edition,  enlarged.     In  one  (n-iavo  volume  of  685  pages. 


This  subject  has  reeeoily  been  treated  with  ver? 
great  learning  and  with  admirable  Impartiality  by 
an  American  atithor,  Mr.  Henry  0.  Lea  In  bir  i/i*- 
t'lf)/ •<f  Stirrrxofu  <'e/i^<jrv.  which  Is  certainly  one 
©f  the  moiit  Taiiiabio  w-.rks  that  Americn  hap  prtv 
dueed.  Since  the  gr^^st  history  of  I^san  .Mllman, 
f  know  DO  work   in   English  which   has  thrown 


Christian 

CJoih.$4..M). 
more  ttifhi  nil  (he  moral  oondltloo  <jf  (he  Middle 
Al:k>.  (tt)d  nniip  which  I*  mora  fltted  lo  dUneJ  the 
gr(>««  illuolon-i  t'on>>crnlng  that  perlf>d  whtolt  poei* 
tlve  writers'  and  writer*  of  a  certain  eocie»lastteal 

nehool  hate  c"n»tplr&(l  lo  su-talo. — Ltky't  Utttvrj 


IM  SrofAerM  A  Co.,  Publiihen,  706.  708  A  710  Sansom  Str««t,  Phitad«\pK(a. 
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